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Abstract
Barberry has valuable compounds with high functional properties such as berberine. In this study, the QuEChERS method 
was applied for the extraction of berberine, phenolic, and antioxidant compounds of B.integerrima stem and compared 
with the maceration method. Also, the standard QuEChERS was modified to improve the extraction efficiency and appli-
cation of this method in the food industries. The majority of the changes in the modified QuEChERS methods were the 
type of solvent, and removing salts and sorbents in the procedure. The average recovery of berberine was more efficient 
in maceration in comparison with the QuEChERS method. However, the ethanolic QuEChERS method had a positive 
effect on the extraction of phenolic compounds in comparison with the other applied methods. The modified QuEChERS 
method had a better yield to extract the phenolic compounds than the extraction of berberine compounds.
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Abbreviations
dSPE  Dispersive solid-phase extraction
Gae  Gallic acid
HPLC  High-performance liquid chromatography
DPPH  2, 2-Diphenyl-1-picrylhydrazyl
PSA  Primary and Secondary amine
MgSo4  Magnesium Sulfate
NaCl  Sodium chloride

1 Introduction

Although maceration is a standard method to extract 
functional compounds of plants, the development of 
novel approaches that are less commonly used in the 
food industry can help with the high capacity of extrac-
tion. QuEChERS is a Quick, Easy, Cheap, Effective, Rugged, 
and Safe method of extraction introduced for pesticide 
residues analysis in high moisture fruits and vegetables [1]. 

Recently, the technique is gained significant popularity in 
the analysis of a broad spectrum of analytes in a massive 
variety of samples [2–4]. QuEChERS, in addition to main-
taining desirable results, increases sample yields, an issue 
of great importance. The advantages of QuEChERS include 
small amounts of material and solvent and decreasing the 
time spent to prepare the sample. This extraction method 
also has high efficiency [5].

Berberis belongs to the Berberidaceae family that 
includes 12 genera and over 666 species [6, 7]. This valu-
able plant contains essential compounds in different parts 
(flower, stem, fruit, shoot, leaf, and root), for instance, alka-
loids, phenolic compounds, anthocyanin, flavonoids, and 
vitamins that have been used in traditional medicine the 
past to the present [8]. Bioactive phenols and alkaloids 
such as berberine have antioxidant activities that are in 
parts of barberry. Phenolic compounds have anti-path-
ogenic, anti-inflammatory, and antiseptic actions in the 
treatment of infectious, cancer, cardiovascular, and renal 
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diseases [9]. Also, Berberine has medicinal and therapeutic 
properties like antimicrobial, antioxidant, antihyperten-
sive, antidiabetic, anticancer, anti-inflammatory, antide-
pressant, anti-diarrhea, cholagogues, hepatoprotective, 
hypolipidemic activities and Prevention of Alzheimer’s 
and reduces total cholesterol, triglyceride levels [10–13].

In this research, it was used stems of B.integerrima var.
asperma, which is a seedless type and commercially culti-
vated in Iran, to surveying amounts of phenol and berber-
ine. Compounds like berberine can be found in different 
parts of barberry, especially roots and stems. However, 
using root as their resource causes irreparable losses in 
the plant [14].

According to the positive features of the QuEChERS 
method, the extraction of functional compounds of bar-
berry with the QuEChERS were investigated in this present 
study. Some modifications were also done in the proce-
dure to make this method usable in the food industry as 
an extraction method. Finally, this method was compared 
with maceration as a conventional method.

2  Materials and methods

2.1  Chemicals, standard solutions and samples

The stems of B.integerrima were collected from the botani-
cal garden of Food Science and Technology Institute (Iran, 
Mashhad), in autumn. The plant parts were grinded (IKA, 
Germany), and dried under 40 °C in an oven (Memert-
UF55: Germany).

Acetonitrile (HPLC grade), phosphoric acid, and metha-
nol of chromatographic grade were purchased from Merck 
Co. (Germany), and the standard berberine was supplied 
from Sigma-Aldrich Co. (Germany). Ethanol for maceration 
was prepared from Mojalali Co. (Iran). DPPH, folin-ciocal-
teu, NaCl, PSA, C18 tube,  MgSO4 were supplied from Merck 
(Germany).

2.2  Preparation of samples

2.2.1  The methodology based on maceration

The maceration method was conducted based on Sarraf 
et al. (2020) [15]. According to this method, 15 g of bar-
berry stems were milled by grinder (IKA: Germany) and 
mixed with 90% ethanol (the ratio of ethanol to powder 
was 11:1). The extraction was done at 70 °C for 3.36 h 
(141.6 min) on a stirrer. Then extracts were filtered using 
Whatman paper (No. 41) and dried in an oven (Memert-
UF55: Germany) at 40 ͦC (24 h).

2.2.2  The methodology based on QuEChERS procedure

The QuEChERS technique consists of two steps; Extrac-
tion and Dispersive SPE (dSPE). The method relies on the 
combination of solvent and salts to separate the analyte 
from the sample into acetonitrile. 5 g of the sample was 
weighted in a tube, and shaken for 1 min with 10 mL 
of acetonitrile. Sorbents were added, and the tube was 
shaken in a vortex for 1 min and centrifuged for 5 min at 
3000 g. Then the supernatant was separated and cleaned 
by salts. The cleaned supernatant was shaken again, and 
centrifuged. 3 mL of the acetonitrile layer is removed 
from the extraction step and exposed to DSPE. The 
adsorbents compounds such as PSA remove unwanted 
interferences such as polar interferences, including 
sugars, organic acids, and pigments, and C18 is used to 
eliminate very non-polar interferences, such as fats, fatty 
acids [2, 4, 16, 17].

2.2.3  The methodology based on modification 
of QuEChERS procure

In this investigation, the standard QuEChERS method 
slightly was also modified to further development in 
the food industry. The changes were applied: (1) using 
ethanol solvent instead of acetonitrile, (2) the standard 
QuEChERS method without PSA sorbent, and (3) the 
standard QuEChERS method without salts.

According to the above cases, the majority of the 
modifications carried put on solvent, also salt, and sorb-
ent formulations of the salting-out and the d-SPE steps 
[5].

Although using acetonitrile is preferred in the QuECh-
ERS process due to making more environmentally friendly 
[17], it is a toxic solvent that using the solvent is banned 
for food intake. Therefore, ethanol was used instead of 
acetonitrile.

QuEChERS salt-free was conducted as a modified 
QuEChERS method to investigate the effect of salts on 
extraction of compounds. As the salts concentration and 
the Intrinsic nature influence on the stabilization or dena-
turation and salting-in or salting-out of some compounds 
such as proteins [18], the removal of salts was done as 
one of the methods. For instance, low salt concentration 
increases the solubility of proteins. But the high concen-
tration of salt made salting out is generated that is due to 
the competition of salt and protein for absorption water.

In the other method, PSA was removed, because of the 
presence of the sorbet effects on organic acids and pig-
ments. According to different researches, there are various 
types of pigments and organic acids in the barberry stems 
that have antioxidant properties.



Vol.:(0123456789)

SN Applied Sciences (2020) 2:1858 | https://doi.org/10.1007/s42452-020-03639-5 Research Article

3  Chemical analysis

3.1  Determination of berberine content

The measurement of berberine content was conducted 
by Shimadzo LC- 2010 HPLC system (Kyoto, Japan) 
equipped with a UV–VIS detector (346 nm) and C-18 
(5.9 × 1.81 inch) column. The Mobile phase contained 
50% acetonitrile along with a 50% mix (1:1) of sodium 
perchlorate and (sodium) phosphate buffer. Injection 
volume was 40 μl [19], and the mobile phase was used 
at a flow rate of 1.5 ml.min−1 and column temperature 
50 °C.

The standard solutions of berberine were prepared 
at 1, 5, 10, 15 ppm concentrations. The standard curve 
was plotted by different standards. The  R2 was obtained 
by 0.999.

For the preparation of samples in the maceration 
method, 7 mg of extract transferred to a 10 ml volumet-
ric flask and methanol (HPLC grade) was added (5 min 

ultrasound for complete dissolution) [20]. In the QuECh-
ERS method, the samples injected directly with the sol-
vent used (Fig. 1).

3.2  Determination of DPPH radical scavenging 
activity

50 μl of the extract was added to 5 mL of methanolic 2, 
2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) 0.004%. Then 
it was kept in the dark place for 30 min, and the absorb-
ance of the solution was measured at 517 nm by spectro-
photometer (Hach, USA) [21].

3.3  Determination of total phenolic content

The amount of total polyphenols was assayed colori-
metrically by the Folin–Ciocalteu method. 2.5  mL of 

(1)Inhibition% =
100(Absblank − Abstreatment)

Absblank

Fig.1  The results of HPLC 
chromatogram of standard 
berberine (a) with standard 
QuEChERS (b)
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folin-ciocalteu reagent 10% v/v was mixed with 500 μl 
of extract and then 2 mL the sodium carbonate 7.5% w/v 
was added. After standing in a dark room for 15 min was 
measured the absorbance of the solution at 765 nm by 
spectrophotometry (microgram Gallic acid per 100 g) [22].

4  Statistical analysis

A complete randomized design was used, and the data 
analyzed by SPSS (ver. 11.0) according to a one-way analy-
sis of variance (ANOVA). The significant differences were 
obtained by Duncan’s multiple range test at the 95% con-
fidence level. Two replications were carried out for sam-
ples with the standard deviation. The curved plotted by 
the Excel (2013) software.

5  Results and discussion

5.1  Maceration method

According to optimizing the maceration procedure, which 
had been applied ethanol concentration of 90%, the 
temperature of 70 °C and extraction time of 3.36 h, the 
amounts of the berberine, phenolic and antioxidant com-
pounds contents from stem were 1.86 mg g−1, 11.11 mg 
Gae  g−1, 71.84%, respectively [15].

5.2  QuEChERS method

QuEChERS has been reported as a high-efficiency extrac-
tion method in previous researches. However, it has not 
been used as a large-scale extraction. It has not been 
applied in the food industry as well; it is an experimental 
method.

The amount of berberine reduced to 0.622  mg.g−1 
with extraction by standard QuEChERS. But, 1.86 mg.g−1 
of the alkaloid extracted by maceration. In addition, phe-
nolic compounds were traces in standard QuEChERS and 
maceration methods. As a result, the antioxidant activity 
decreased to 56.37% from 71.84% of maceration. There-
fore, the QuEChERS was not a suitable method for the 
extraction of these compounds and maceration had high 
efficiency compared with the other methods.

5.3  Modified QuEChERS method

The results of the modified QuEChERS with ethanol sol-
vent showed that this method contributes to the extrac-
tion of phenolic compounds. Ethanolic QuEChERS had 
higher efficiency in comparison with standard QuEChERS 
and maceration in the extraction of phenolic compounds. 

The amount of total phenol of maceration and ethanolic 
QuEChERS were 11.11 and 215 mg Gae  g−1, respectively 
(Fig. 2). This showed that ethanol helped further solubility 
of phenolic compounds, possibly due to the polarity of 
the solvent compared to acetonitrile. Therefore, ethanolic 
QuEChERS can be a suitable method in the food industry, 
if the purpose is to extract phenolic compounds. However, 
the method did not significantly influence on the extrac-
tion of berberine compounds and antioxidant activity.

For extraction of berberine, no methods had high per-
formance excluding maceration, which was an ideal tech-
nique to gain the highest yield of extracting the alkaloid. 
The salt-free and PSA-free were suitable for the extraction 
of berberine. Although their efficiency was significantly 
lower than maceration (Fig. 3).

The investigation of antioxidant activity in different 
methods showed the salt-free and PSA-free methods 
had the highest yield. The ethanolic QuECheRS had the 
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Fig.2  The amount of total polyphenols in standard and modified 
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the high extraction of phenolic compounds (Fig.  4). 
Although the function of salts and PSA compounds is 
to remove many of the interfering compounds, it is pos-
sible that either the interfering compounds that have 
antioxidant properties are eliminated or, along with the 
interfering compounds, the antioxidant compounds are 
removed.

6  Conclusion

The extraction of valuable compounds including berber-
ine, phenolic, and antioxidant compounds of barberry 
stem was carried out with two extraction methods, 
namely maceration and QuEChERS, and the yield both of 
them compared. The results showed that the choice of a 
targeted approach could effect on extraction efficiency. 
Besides, using an effective method to extract one com-
pound may not be appropriate for another. Although the 
QuEChERS method is useful in identify pesticides, this 
study did not achieve satisfactory results compared with 
maceration. The amount of berberine extracted with 
maceration was twice of other methods. However, the 
ethanolic QuEChERS as a modified method was an effi-
cient method for the extraction of phenolic compounds 
(215 mg Gae  g−1), and can be investigated more for the 
improvement on a large scale.
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