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This study divulges a comparative analysis of Berberis tinctoria Lesch. leaf, stem, and fruit 
towards proximate contents assessment, e.g., moisture, crude-ash, crude-fibre, crude-lipid, 
crude-protein, nitrogen-free extract, energy followed by ICP-MS analysis which revealed that 
fruits have a higher amount of essential minerals. The primary metabolites were higher in the 
fruit extract, whereas more secondary metabolites were observed in the methanolic extracts in 
the hierarchy of leaf and fruit then stem, respectively. Likewise, a higher amount of antioxidant 
activities were observed in ethyl acetate and methanolic extracts. The fruit ethyl acetate extract 
showed a maximum of 95.27% anti-inflammatory activity. The fruit methanolic extract exhibited 
an antidiabetic activity with IC50 values of 75.5 ± 6.8 µg/mL and 45.4 ± 11.1 µg/mL for α-amylase 
and α-glucosidase, respectively. A significantly positive correlation was identified between the 
secondary metabolites and antioxidant activities. The principal component analysis implies 
ethyl acetate and methanolic extracts as pivotal extracts of B. tinctoria.

1. Introduction

Plants are significant sources of medicine and 
their nutritional properties are important for the 
improvement of the human immune system, 

even though the natural resources are scanty to 
meet the increasing demand by the rising world 
population. Nowadays, an unhealthy lifestyle is 
unfortunately trending among the people all over 
the world. Therefore, an intake of junk food habits 
which contain high fats and cholesterol causes obesity 
(Gurib-Fakim, 2006). Nutritional deficiencies lead to 
blindness, anaemia, preterm birth, stillbirth, cretinism 
and some common chronic systematic diseases like 
cardiovascular, inflammation, and diabetes (Shenoy et 
al., 2018). Diabetes is the most common chronic group 
of metabolic disorders characterized by hyperglycemia 
and hyperlipidemia expanded throughout the world, a 
source for serious damage to the heart, eyes, nerves, 

kidneys and blood vessels (Shenoy et al., 2018). World 
Health Organization (WHO) recently declared that 
around 190 million people have diabetes across the 
globe, where the majority of the cases are noticed in 
developing countries by the cause of ageing, obesity, 
population growth, sedentary lifestyles, and unhealthy 
diets and this would increase up to 642 million by 2040 
(Ogurtsova et al., 2017). Type-2 diabetes accounts for 
more than 90% of diabetes which leads to many typical 
risk factors. Oxidative stress is induced by reactive 
oxygen species (ROS) that have turned pancreatic islets 
to suppress the insulin secretion by β-cell dysfunction 
which is the pivotal development of type-2 diabetes 
(Marchetti et al., 2006). The functional defect in 
these cells was caused by a reduction in expression 
of glucose transporter-2 (GLUT2) levels and further 
differentiated by growing β-cells apoptosis (Sampson 
et al., 2010). Therapies for reducing oxidative stress 
and improving pancreatic function have become a 
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promising approach to control diabetes. Some natural 
antioxidant supplementary products like nutritional 
and functional foods have greater target activity in 
hyperglycemic stature by reducing oxidative stress (Tan 
et al., 2018). Moreover, the food is endorsed as potential 
medicine with the sources of nutrients which perform 
the basic nutritional role and have been conferred as 
functional foods (Cencic and Chingwaru, 2010). WHO 
also outlined that the antioxidant rich fruits are likely 
to contribute to the protection of cellular membranes, 
nucleic acids, lipids and proteins from oxidative 
damage (Paredes-López et al., 2010). Inflammation is 
a regulated physiological response against impairment 
stimuli by pathogens and tissue injury which activates 
immune cells for quick orchestrate resolution and 
healing damaged tissue structure (Chen et al., 2018). 
Macrophages are immune effector cells that perform 
a momentous homeostatic role in the activation of 
inflammation to the regulation of tissue remodelling 
during apoptosis. Lipopolysaccharide (LPS) is an 
endotoxin that can cause a pro-inflammatory stimulus 
by mobilizing the macrophages and triggering the 
inflammatory response (Arango Duque and Descoteaux, 
2014). Under inflammatory conditions, macrophages 
fuse with ROS and produce “oxidative burst” which 
causes cellular damage associated with the histolesivity 
of inflammation (Ricciotti and FitzGerald, 2011). 
Natural anti-inflammatory compounds associated with 
antioxidant properties would be beneficial for various 
chronic disease therapies including conventional 
drugs (Vasarri et al., 2020). Distinct plant species 
have significant sources of antioxidants and anti-
inflammatory compounds capable of inflecting the 
functional phenotype of macrophages and alleviating 
inflammatory disorders (Vasarri et al., 2020).
In some countries, several wild plants were valued as 
edible and a source of supplementary nutrition including 
carbohydrates, protein, fat, vitamins and minerals 
(Ali and Deokule, 2009). Natural antioxidants have an 
essential aspect in health care and prevention of some 
degenerative, e.g. atherosclerosis, cerebral ischemia, 
neurodegenerative disorders, rheumatic disorder, DNA 
damage, ageing and chronic disorders like cardiac, 
carcinogenesis and gestational diabetes (Pham-Huy 
et al., 2008). Jayasri et al. (2009) suggest that minimal 
side effects are caused by the use of phytocompounds 
screening of medicinal plants. Some of the Berberis spp. 
exhibited multiple pharmacological activities, such as 
anti-inflammatory, antidiabetic, and anticancer effects. 
As an evergreen shrub, Berberis tinctoria belonging to 
the family Berberidaceae, grows up to 2-3 feet in height 
and reaches up to 15 feet in the forest. It has a hard stem 
having long limited branches, with numerous slender 
leafy twigs (Fyson, 1974). B. tinctoria is endemic to the 
region of Doddabeta, the Nilgiris hills, Western Ghats, 
India. The Nilgiris hills, at an altitude of 2,634 mean 
sea level (MSL), and B. tinctoria is found in temperate 
acidic soil also in gneissic rock rich in sesquioxides. 
Provincially, the plant is called Oosikala by the local 
ethnic community of Kurumbas, and is medicinally 
used for stomachache (root paste) (Fyson, 1974). 

The root mixed with honey acts as an antimicrobial 
agent against skin diseases. The wood and root bark 
extracts have been used for menorrhagia, diarrhoea, 
eye infection, jaundice, and skin diseases (Kirtikar and 
Basu, 1995). The uncooked leaf and fruit of the plant 
are predominantly consumed by the tribal and rural 
people of the Nilgiris and used as medicine for many 
diseases, which are not scientifically documented. The 
genus Berberis consists of 55 species in India among 
which the most well-known species with medicinal 
properties are Berberis aristata DC., Berberis lyceum 
Royle., Berberis pachycantha Koehne., Berberis vulgaris 
L. and Berberis coriaria Royle ex Lindl.. These herbal 
materials are extensively used as effective remedies for 
treating gallstones, eye disease, jaundice, rheumatism, 
diabetes, fever, kidney, vomiting during pregnancy, 
and varied ailments due to their rich biologically active 
alkaloids (Srivastava et al., 2015).
Berberis has potential pharmacological activity to 
be used as polyherbal formulation for the treatment 
of numerous diseases and disorders. Therefore, the 
current study was designed to delve into the nutritional 
properties of fresh leaf, stem and fruit by proximate 
analysis and macro and micro nutritional composition 
using inductively coupled plasma mass spectrometry 
(ICP-MS) technique. The different extracts of B. tinctoria 
leaf, stem, and fruit organs were investigated for the 
presence of secondary metabolites, antioxidants and 
anti-inflammatory agents. This study focused on 
the determination of the metabolites having in vitro 
antidiabetic properties for the inhibition of pancreatic 
α-amylase and α-glucosidase with improvement in 
beta cell function. Oxidative stress and inflammation 
are proved to be a critical factor for the pathogenesis 
of diabetes mellitus. According to the earlier reports, B. 
tinctoria plant has been recognized as a rich source of 
alkaloids, particularly berberine (Shigwanb et al., 2013). 
Based on the results of another study, the interaction 
between the antidiabetic, antioxidants and anti-
inflammation were analyzed. Furthermore, berberine 
has been characterized with remarkable antioxidant 
and anti-inflammatory activities and promising efficacy 
against diabetes mellitus. It has remarkable changes 
in oxidative stress markers, antioxidant enzymes and 
proinflammatory cytokines in diabetic animals (Li et 
al., 2014). The alkaloids inhibited oxidative stress and 
inflammation in a variety of tissues including liver, 
adipose tissue, kidney, and pancreas. Mechanisms 
of the antioxidant and anti-inflammatory activities 
of berberine  were complex, which involved multiple 
cellular kinases and signalling pathways, such as AMP-
activated protein kinase (AMPK), mitogen-activated 
protein kinases (MAPKs), nuclear factor erythroid-2-
related factor-2 (Nrf2) pathway, and nuclear factor-
kB (NF-kB) pathway (Li et al., 2014). Therefore, the 
metabolites of B. tintoria were investigated for 
their biological activity against inflammation and 
diabetes. The interaction of polyphenols between 
the antioxidants, antidiabetic and anti-inflammatory 
were also validated to promote the development 
of natural products against diabetic disorders.
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2. Experimental

2.1. Collection and identification of plant material

The plant B. tinctoria was collected from Doddabetta, 
(11°24'08.7"N 76°44'12.2"E) at an altitude of 2623 
Mean Sea Level (MSL) in the Nilgiri biosphere reserve, 
Tamil Nadu, India. The fresh leaves, stems, and fruits 
were collected from December 2018 to May 2019 and 
shown in Fig. 1. The taxonomic identity of the plant was 
confirmed and certified by the Botanical Survey of India, 
Southern Regional Centre, Coimbatore, Tamil Nadu, 
India, Ref no: (BSIS/RC/5/23/2016/Tech./164) through 
comparing with the type specimen depository in the 
herbarium and also by characteristic identification. The 

plant parts were washed with distilled water and dried in 
shade at room temperature (26 ± 2 °C). The dried plant 
parts were ground well and subjected for the extraction 
process and stored at -20 °C for further analysis.

2.2. Chemicals and reagents

Alkaline copper solution, anthrone (97%), bovine serum 
albumin (98%), di-nitrosalicyclic acid reagent (98%), 
rutin (94%), Folin-Ciocalteu phenol reagent, polyvinyl 
polypyrolidone (PVPP), 2-diphenyl-1-picryl-hydrazyl 
(DPPH), potassium persulfate (99%), 2,2’-azinobis 
(3-ethyl-benzothiozoline)-6-sulfonic acid disodium salt 
(ABTS) (98%), 6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid (trolox) (97%),  butylated hydroxy 

Fig. 1. Habit of Berberis tinctoria. (a. Leaf, b. Flower, C. Fruit, d. Leaf powder, e. Stem powder and f. Fruit powder)

toluene (BHT) (99%), gallic acid (97.5%), ferrous chloride 
(98%), ferric chloride, hydrogen peroxide (36.5%), 
ferrous ammonium sulfate (99%), ethylene diamine 
tetra-acetic acid (edta) disodium salt (99%), N-(1-
naphthyl) ethylene diamine dihydrochloride (98%), 
sodium nitroprusside, riboflavin, acetyl salicylate (99%), 
pentazocine (98%), indomethacin (98.5%), carrageenan, 
carboxy methyl cellulose, petroleum ether (95%), 
chloroform (99.5%), ethyl acetate (99.5%) and methanol 
(99.8%) were procured from Sigma Aldrich, Bengaluru 
and Himedia, Mumbai. All the chemicals and solvents 
used were of analytical grade.

2.3. Proximate analysis

The moisture content of the leaf, stem and fruit 
samples were analyzed by weighing the fresh and 
dried materials (AOAC, 2000). The fresh samples were 
weighed, chopped into small pieces and kept in a hot 
air oven at 60 °C for 2 days. Then, the dried samples 
were weighed and moisture content was calculated by 
using the formula (Eqn.1):

Moisture (%) = (Fresh weight of sample - Dried weight 
sample)/(Fresh weight sample)×100                        (Eqn.1)

The crude fibre of leaf, stem and fruit samples was 
estimated according to a previously reported paper 
(Sadasivam and Manikam, 2008) by dissolving 2 g of 

samples in petroleum ether (1:10) ratio. The resulting 
solution was kept in a mechanical shaker for 24 h to 
remove fats. Then, the air-dried samples were boiled 
with 200 mL of H₂SO₄ (0.255 N) for 30 min, then filtered 
and washed with distilled water. Again, the contents 
were boiled with 200 mL of NaOH (0.313 N) for 30 min 
and then filtered. Then, the contents were washed with 
25 mL of boiling H₂SO₄ (1.25%), 50 mL of water and 
25 mL of ethanol. The residue was transferred to ash 
crucible and dried for 2 h at 130 ± 2 °C, after that the 
crucible was weighed and the contents were ignited for 
30 min at 600 ± 5 °C and reweighted again. The crude 
fibre value was calculated by using the formula (Eqn. 2):
Crude fibre value (g⁄100 g) = (Loss in weight on ignition 
(W₂-W₁)-(W₃-W₁))/(Weight of the sample (g))×100 (Eqn.2)                                                                                                                             

W₁ - The weight of the crucible, W₂- Weight of the 
crucible with sample (130 ± 2 °C), W₃ – The weight 
of the crucible with ash (600 ± 15 °C). The crude ash 
content of the samples was estimated by the method 
AOAC, (2000). 2 g of each sample leaf, stem and fruit was 
placed in a weighed crucible and incinerated at 550 ± 5 
°C for 8 h in a muffle furnace (KTS 014, Mumbai, India). 
The incinerated samples were cooled and weighed to 
calculate the ash value (Eqn. 3):

Crude ash value (g⁄100 g) =(C-A)/(B-A)×100           (Eqn.3)                        
A - Weight of the crucible (g), B - Weight of the crucible 
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with sample (g) and C - Weight of crucible with ash (g).
The total nitrogen was determined by the Micro-
Kjeldahl method and nitrogen protein conversion 
factors were used for the determination of crude 
protein (Nx6.25). The carbohydrate or nitrogen-free 
extracts (NFE) content was estimated by the difference 
between the total nitrogen and nitrogen protein. The 
final results of proximate composition were expressed 
in gram per hundred gram of dry matter (g/100 g DM). 
The gross energy (KJ) was calculated by multiplying the 
percentage of crude protein, crude lipid, and NFE by 
16.7, 37.7, and 16.7,  respectively (Siddhuraju et al., 1996).

2.4. Minerals analysis

200 mg samples of the leaf, stem and fruit were 
digested with 10 mL of triacid (9:2:1 nitric acid: sulphuric 
acid: perchloric acid) at 80 °C in a fume hood.  After 
digestion, the samples were made up to 100 mL with 
distilled water. 3-4 mL of samples were used to analyze 
the minerals using ICP-MS (NeX Ion 300 X, Perkin Elmer, 
USA).  The operating manual of the ICP-MS instrument 
were spray chamber- glass cyclonic, RF power- 1600 W, 
gas flow rate (plasma gas flow-16.0 L/min, auxiliary-1.2 
L/min, nebulizes-1.00-1.05 L/min), sample uptake 
rate- 250 µL/min and dwell time- 500-1500 ms. The 
16 mineral isotopes monitored were ⁹Be (beryllium), 
23Na (sodium), 24Mg (magnesium), 27Al (aluminium), 
39K (potassium), 52Cr (chromium), 55Mn (manganese), 
57Fe (iron), 60Ni (nickel), 63Cu (copper), 66Zn (zinc), 75As 
(arsenic), 82Se (selenium), 98Mo (molybdenum), 111Cd 
(cadmium) and 208Pb (lead).

2.5. Successive solvent extraction of plant parts

The dried and powdered leaf, stem and fruit samples (50 
g) were extracted in a Soxhlet extractor successively using 
300 mL of non-polar to polar solvents like petroleum 
ether, chloroform, ethyl acetate, methanol, and water 
until content becomes colorless. Before extracting with 
the solvent, each time the material was dried in a hot 
air oven below 40 °C. The rotary vacuum evaporator 
(Equitron Ev11-ABS.051) was used to concentrate the 
different solvent extracts at 40-100 °C depending on 
the boiling point of the solvents. The dried extract 
was collected, weighed and finally stored at -20 °C.

2.6. Primary metabolites

2.6. 1. Estimation of protein

The protein was estimated as described by Lowry et 
al. (1951) with some modifications using the standard 
bovine serum albumin (10-50 µg/mL). 100 mg of 
powdered leaf, stem and fruit samples was ground using 
10 mL of phosphate buffer (0.2 M  pH 7.2) in mortar 
and pestle and centrifuged at 3000 x g for 10 minutes 
at room temperature. The supernatant was made up 
to 10 mL with distilled water. 1 mL of the supernatant 
was diluted to 10 mL with distilled water and used for 
estimation. About 500 μL of the extract were added 

into the test tube and made up to 1 mL with distilled 
water. Then, 5 mL of reagent C [(reagent A: sodium 
carbonate (2%) in 0.1 N sodium hydroxide; reagent B: 
copper sulphate (0.5%) in  potassium sodium tartrate 
(1%); reagent C: 175 mL of reagent A being added to 
3.5 mL of the reagent B and was mixed before use)] 
was added. To this solution, 0.5 mL of Folin-Ciocalteau’s 
reagent (1 N) was added and allowed to incubate in 
dark for 30 min. The absorbance was then determined 
at 660 nm using a spectrophotometer and expressed 
in mg bovine serum albumin equivalents per g extract.

2.6.2. Estimation of carbohydrates and starch

Carbohydrates and starch were estimated by the 
protocol of  Hodge (1962). For carbohydrate estimation, 
100 mg of leaf, stem and fruit dried extracts were added 
to 5 mL of HCl (2.5 N) and placed in a water bath for 
3 h. After the mixture reached the room temperature, 
sodium carbonate was added to balance the mixture till 
the effervescence ceased. In the next step, the mixture 
was diluted with 100 mL distilled water then centrifuged 
for 10 min at 3000 rpm. To that, 1 mL of supernatant and 
4 mL of anthrone reagent (200 mg of anthrone in 100 
mL of ice-cold 95% sulphuric acid (H₂SO₄)) were added 
and boiled for 8 min in the water bath. After it reached 
the room temperature, the absorbance of green color 
was read at 630 nm against the reagent blank. For starch 
estimation, 1 g of dried leaf, stem and fruit extracts were 
weighed and ground with 10 mL of  ethanol (80%) and 
centrifuged at 3000 rpm for 10 min. The procedure was 
repeated two times for the complete removal of simple 
sugars. After centrifugation, the residues were collected 
and dried well, then perchloric acid (52%) was added to 
the residues and centrifuged at 3000 rpm for 10 min. 1 
mL of supernatant was collected and 4 mL of anthrone 
reagent consisting of 200 mg of anthrone in 100 mL of 
ice-cold 95% sulphuric acid was added and then kept 
in a boiling water bath for 8 min. After incubation, the 
mixture was cooled rapidly and the absorbance of green 
color was read at 630 nm against the reagent blank. 
The carbohydrates and starch content were determined 
by using the standard graph plotted against glucose 
aliquots (10-50 µg/mL). The results were shown in mg of 
glucose equivalents present in a gram of sample extract. 

2.6.3. Estimation of amino acids

The amino acid present in the samples was estimated 
by Moore and Stein (1948). Under the experimental 
conditions, 500 mg of dried leaf, stem and fruit extracts 
were ground well separately with the addition of 5 to 10 
mL of ethanol (80%) and centrifuged for 10 min at 3000 
rpm. To the supernatant and the aliquots of leucine (10-
50 µg/mL), 0.1 mL of ninhydrin solution, a mixture of 0.2 
g stannous chloride in 125 mL of 0.2 M citrate buffer (pH 
0.5) and 5 g of ninhydrin in 125 mL of methyl cellosolve, 
was added and made up 2 mL by distilled water. The 
mixture was heated for 20 min in a boiling water bath 
then 5 mL of diluent solvent was added (equal volume 
of water and n-propanol) and left for 15 min at room 
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temperature. All the test tubes were vortexed well and 
the development of purple color by the sample was 
measured against the reagent blank at 570 nm. The 
amino acid present in the extract was determined by 
using the standard plotted against leucine. The results 
were expressed in milligrams of leucine equivalents 
present in one gram of sample extract (mg/g).

2.6.4. Estimation of reducing sugars

The reducing sugar content in leaf, stem, and fruit 
extracts was estimated by the procedure reported by 
Miller (1959). Briefly, 100 mg of sample was dissolved in 
5 mL of hot ethanol (80%) and evaporated in a water bath 
(80  °C). Afterwards, 10 mL of distilled water was added 
to dissolve the residue. Aliquots of 0.5-3 mL of sample 
extract and standard glucose (10-50 µg/mL) were taken 
in separate test tubes and made up the volume to 3 
mL with water in all the tubes. 3 mL of di-nitrosalicyclic 
acid reagent (DNS, 1 g) and 200 mg crystalline phenol 
were immediately added. Thereafter, 50 mg of sodium 
sulphate was dissolved in 100 mL of NaOH (1%), and 
the test tubes were kept in a boiling water bath for 5 
min. 1 mL of  Rochelle salt solution (40%) was added 
and dissolved by heating. After cooling the mixture, the 
intensity of dark red color was read at 510 nm using a 
spectrophotometer. The reducing sugars present in the 
extract were determined by a standard graph plotted 
against glucose and expressed in mg with glucose 
equivalents (mg GE/g) per gram sample extract.

2.6.5. Estimation of vitamin C

Vitamin C contents of the leaf, stem and fruit extracts 
were estimated according to the protocol developed 
by Benderitter et al. (1998). In this sense, 75 μL of 
dinitrophenyl hydrazine (DNPH) solution (2 g of 
dinitrophenyl hydrazine), 230 mg of thiourea, and 270 
mg of copper sulphate pentahydrate (CuSO₄.5H₂O) in 
100 mL of H₂SO₄ (5 M) were added to 500 μL of reaction 
mixtures composed of 300 μL of the aqueous leaf, stem 
and fruit extracts, 100 μL of 13.3% trichloroacetic acid 
(TCA) and the aliquots of ascorbic acid (10-50 µg/mL). 
The reaction mixture was finally incubated at 37 °C for 
3 h. Then, 0.5 mL of H₂SO₄ (65% v/v) was added to the 
mixture, and the color absorbance was read at 520 nm. 
The results were expressed in milligrams of ascorbic 
acid equivalents present in one gram of sample extracts 
(mg/g).

2.7. Secondary metabolites

2.7.1. Quantification of total phenolic and tannin 
content

From the extracted stock solution, 100 µL of the leaf, 
stem and fruit extracts along with aliquots of (10-50 µg/
mL) gallic acid were taken in an array of test tubes and 
made up to 1 mL with distilled water. A test tube with 
1 mL distilled water served as blank. Then, 500 µL of 
Folin-Ciocalteau reagent (1 N) was added to the sample 

as well as to blank and kept for 5 min. Then, 2.5 mL 
of  sodium carbonate solution (20%) was added to all 
the test tubes, vortexed well, and incubated in dark at 
room temperature for 40 min, and the absorbance was 
read at 725 nm using the spectrophotometer (UV-1800, 
Shimadzu, Japan) against the reagent blank. The total 
phenolic content was quantified by using the standard 
calibration curve obtained from gallic acid, and the 
results were expressed in milligrams of gallic acid 
equivalents present in one gram of extract (mg GAE/g) 
(Makkar, 2003).
The total phenolics contain both tannin and non-tannin 
phenolics. The total amount of tannins was calculated 
by subtracting the non-tannin phenolics from total 
phenolics. For each 500 µL of the leaf, stem and fruit 
extract, 500 µL of distilled water and 100 mg of PVPP 
were added. The content was vortexed and kept in an 
Eppendorf tube at 4 °C for 4 h. After incubation, the 
sample was centrifuged at 4000 rpm for 10 min at 4 
°C and the supernatant was collected. This supernatant 
has only non-tannin phenolics (where the tannins would 
have been precipitated along with the PVPP). The non-
tannin phenolic in the supernatant was determined 
by the same method described for the quantification 
of total phenolics (Makkar, 2003). The results were 
expressed with gallic acid equivalent (10-50 µg/mL) and 
the tannin content was calculated as follows (Eqn. 4):

Tannin(%) = Total phenolics(%) - Non tannin phenolics(%)                                                                        
(Eqn. 4)
  
2.7.2. Total flavonoid

Total flavonoid was estimated by Zhuang et al. (1992). 
Accurately, 100 µL of the leaf, stem and fruit extracts 
were taken and aliquots of quercetin (10-50 µg/mL) in 
different tubes were made up to 2 mL using distilled 
water while considering a test tube containing 2 mL 
of distilled water as blank. Then, 150 µL of  sodium 
nitrite (NaNO₂, 5%) was added and incubated at room 
temperature for 6 min. After incubation, 150 µL of 
aluminium chloride (AlCl₃, 10%) was added to all the 
test tubes and incubated for 6 min at room temperature. 
Then, 2 mL of  sodium hydroxide (NaOH, 4%) was added 
and made up to 5 mL using distilled water. The contents 
of all the test tubes were vortexed well and allowed to 
stand for 15 min at room temperature. The pink color 
developed denoted the presence of flavonoids and was 
read at 510 nm against the reagent blank. The standard 
quercetin was used for the quantification of flavonoids 
and expressed in milligram of quercetin equivalents 
(QE) in one gram of sample extract (mg QE/g extract).

2.7.3. Total alkaloids

The determination of total alkaloids was done following  
a method given by Singh et al. (2004). Accordingly, the 
reaction mixture contained 100 µL of leaf, stem and 
fruit extracts in separate test tubes to which 1 mL of 
ferric(III) chloride (FeCl₃, 0.025 M) in hydrochloric acid 
(HCl 0.5 M) and 1 mL of 1,10-phenanthroline (0.05 M) in 
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ethanol were added. Then, the tubes were incubated for 
30 min in the water bath with a maintained temperature 
of 70 ± 2 °C. The absorbance of the red color complex 
was measured at 510 nm against the reagent blank. The 
alkaloid contents were calculated by using the standard 
curve of quinine aliquots of 10-50 µg/mL. The values 
were expressed in milligram (mg) of quinine equivalents 
(QE) in one gram of sample extract (mg QE/g extract).

2.7.4. Determination of saponin

The saponin content in leaf, stem and fruit extract 
was determined by Makkar et al. (2007). About 100 µL 
triplicates of the plant extracts at various concentrations 
(10-50 µg) of diosgenin were taken and made up to 300 
µL with distilled water. 0.25 mL of vanillin reagent (8% 
v/v in ethanol) and 2.5 mL of  aqueous H₂SO₄ (72%) 
were added and heated in a water bath for 10 min at 
60  °C. After boiling, the tubes were cooled for 4 min 
in ice and allowed to reach the room temperature. 
At last, the absorbance was measured in a UV/Vis. 
spectrophotometer at 544 nm. The results obtained 
were expressed in milligram diosgenin equivalent per 
gram of sample extract (mg/g).

2.8. Antioxidant activity analysis

2.8.1. DPPH scavenging activity

The hydrogen donating or radical scavenging ability 
(antioxidant activity) of the sample was determined 
in terms of using the stable radical 2,2-diphenyl-1-
picrylhydrazyl (DPPH) following the method of Braca et 
al. (2001). The leaf stem and fruit extracts of B. tinctoria 
were taken in different concentrations and the final 
volume was made to 100 µL with methanol. About 3 mL 
of a DPPH (0.1 mM) solution was added to the aliquots 
of samples. Then, 3 mL DPPH methanolic solution with 
100 µL methanol was prepared as the negative control, 
different concentrations of rutin and BHT are prepared 
as a positive control. The absorbance was recorded at 
517 nm against the blank after 30 min in dark incubation 
at room temperature. The DPPH radical quenching 
results were expressed as IC50 value.

2.8.2. ABTS•+ scavenging activity 

The total antioxidant activity of the leaf, stem 
and fruit extracts was measured by 2,2'-azino-bis 
(3-ethylbenzothiazoline-6-sulphonic acid (ABTS•+) 
radical cation decolorization assay according to the 
method developed by Re et al. (1999). ABTS•+ solution 
was prepared by ABTS (7 mM) aqueous solution with 
potassium persulfate (2.4 mM) reacting in the dark for 
12-16 h at room temperature. Then, the solution was 
diluted in ethanol (about 1:89 v/v) and equilibrated at 
25 °C to give an absorbance of 0.700 ±  0.02 at 734 nm. 
1 mL of diluted ABTS•+ solution was added to triplicate 
of the sample extracts and standard trolox over the 
concentration range of 0-15 µM/mL. The extraction 
mixture was incubated at 30 °C exactly for 30 min. After 
incubation, the absorbance of samples and standard 

were measured at 734 nm against the ethanol blank. The 
results were expressed in micromolar trolox equivalent 
antioxidant capacity (TEAC) per sample extracts (μM/g).

2.8.3. Phosphomolybdenum assay

The antioxidant activity of leaf, stem and fruit extracts 
was evaluated by the phosphomolybdenum method 
followed by Prieto et al. (1999). Aliquots of 100 μL 
samples and standards (BHT and rutin) were taken into 
a series of test tubes and were made up to 300 μL with 
methanol. About 300 μL of methanol taken in a test tube 
was considered as the blank. 1 mL of reagent solution 
(0.6 M sulphuric acid, 28 mM sodium phosphate, and 4 
mM ammonium molybdate) were added to all the test 
tubes and incubated in a water bath at 95 °C for 90 min. 
After reached to room temperature, the absorbance of 
the mixture was measured at 695 nm against a reagent 
blank. The results were reported in milligram ascorbic 
acid equivalents per gram sample extract (mg/g).

2.8.4. Ferric reducing antioxidant power (FRAP) assay

The ability to reduce TPTZ-Fe(III) complex to TPTZ-
Fe(II) complex by the antioxidant capacity of different 
extracts of samples was estimated according to the 
procedure described by Pulido et al. (2000). Freshly 
prepared FRAP reagent (900 µL) (2.5 mL of 20 mM/L 
TPTZ (2,4,6-tripyridyl-S-triazine)) solution in 40 mM/L 
HCl and 2.5 mL of 20 mM/L, FeCl₃.6H₂O and 25 mL of 
0.3 M/L acetate buffer (pH 3.6) was added to the leaf, 
stem and fruit extracts, also for the aliquots of standards 
(BHT and rutin) and methanol (blank). All these tubes 
were incubated at 37 °C for 30 min. The absorbance 
of the blue color was read against reagent blank at 
593 nm. The parameter ‘Equivalent Concentration’ was 
expressed as the concentration of antioxidant having 
a ferric-TPTZ reducing ability equivalent to that of 
FeSO₄.7H₂O (1 mM) and expressed as mM Fe (II)/mg 
of sample.

2.8.5. Metal chelating activity

The chelation of ferrous ions by leaf, stem and fruit 
extracts was estimated by Dinis et al. (1994). 100 µL 
solution of ferrous chloride (2 mM) was added to 500 
µg of sample extracts. The reaction was started by the 
addition of 400 µL of ferrozine (5 mM) and incubated 
at room temperature for 10 min. The reaction tube 
containing deionized water in place of the sample was 
considered as a negative control. The absorbance of the 
solution was measured spectrophotometrically at 562 
nm against the blank.  Ethylenediaminetetraacetic acid 
EDTA (10-50 µg/mL) was used as the standard metal 
chelating agent and the results were expressed as 
milligram EDTA equivalents per gram sample extracts.

2.9. Anti-inflammatory activity

Inhibition of bovine serum albumin (BSA) denaturation 
method (Kaur et al., 2018) was followed with some
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modifications. In this regard, the reaction mixture 
consisted of a test sample (500 μg/mL) and an aqueous 
solution of bovine albumin fraction (1%). The pH of the 
reaction mixture was adjusted to 6.3. The samples were 
incubated at 37 °C for 20 min and then heated at 51 °C 
for 20 min. After cooling, the turbidity was measured 
spectrophotometrically at 660 nm. Aspirin was taken 
as a standard (100 μg/mL) and the experiment was 
performed in triplicates. Percentage inhibition of 
protein denaturation was calculated as follows (Eqn. 5).

Inhibition% = (Absorbance of control - Absorbance of 
sample)/(Absorbance of control)×100           (Eqn. 5)

2.10. In vitro α-amylase and α-glucosidase inhibitor 
assay

In vitro antidiabetic activities of the leaf, stem and fruit 
extracts of B. tinctoria were estimated by α-amylase 
inhibition (Ali et al., 2006) with some slight modifications. 
Accordingly, 500 µL of 0.20 mM phosphate buffer (pH 
6.9) with α-amylase (0.5 mg/mL) solution were added 
to 500 µL of plant samples and standard drug acarbose 
(10-50 µg/mL) then incubated at 25 °C for 10 min. 
In the next step, 500 µL of a  starch solution (1%) in 
sodium phosphate buffer (pH 6.9, 0.02 M) was added 
to all test tubes and kept at 25 °C for 10 min. The 
reaction was stopped when adding 1 mL of 3,5-dinitro-
salicylic acid color reagent. Afterwards, test tubes were 
incubated in a boiling water bath for 5 min and cooled 
to room temperature. Then, 10 mL of distilled water was 
added for diluting the samples and absorbance was 
measured at 540 nm. The α-glucosidase activity of the 
plant extracts was determined by the general method 
given by Kim et al. (2009) with some modifications. 
Accordingly, 500 µL of plant samples and standard drug 
acarbose (10-50 µg/mL) was added with pre-incubated 
100 µL of α-glucosidase solution for 10 min at 25 °C. In 

addition, α-glucosidase was pre-incubated with 50 µL 
of phosphate buffer (pH 6.9) in another set of tubes. 
To initiate the reaction, 50 µL of p-nitrophenyl-a-D-
glucopyranoside at increasing concentrations (0.63-
2.0 mg/mL) was added to both sets of reaction mixtures. 
Mixtures without enzyme, sample and acarbose served 
as blank. The mixture was incubated for 10 min at 25 
°C and then 500 µL of sodium carbonate was added 
to stop the reaction. The α-glucosidase activity was 
determined by yellow-colored para-nitrophenol 
released from p-nitrophenyl-a-D-glucopyranoside at 
405 nm and results were expressed as IC50 value.

2.11. Statistical analysis

All the in vitro assays were performed in triplicates and 
the final results were expressed in mean ± standard 
deviation (SD). Means were compared with Duncan’s 
multiple range test (DMRT) at a significance threshold 
of P <0.05. Relationships between variables were 
quantified using Pearson’s correlation and PCA. All 
calculations were performed using SPSS, version 20.0 
(IBM SPSS, IBM Corp., Armonk, New York and XLSTAT 
2018, USA).

3. Results and Discussion

3.1. Proximate analysis

The physico-chemical parameters of B. tinctoria 
leaf, stem and fruit were analyzed for moisture 
contents, crude ash, crude fibre, crude lipid, crude 
protein, nitrogen-free extracts (NFE), and energy. 
These parameters were determined based on fresh 
weight and the results were shown in Table 1. The 
observed moisture contents in B. tinctoria fruit
88.9 ± 2.6%, leaf 71.5 ± 2.9% and stem 56.5 ± 1.9% 
and the results were expressed in percentage.

Proximate 
analysis

Proximate analysis of Berberis tinctoria
F=df (2,8)

Leaf Stem Fruit
Moisture% 71.5 ± 2.9a 56.5 ± 1.9b 88.9 ± 2.6b 298.8**

Crude ASH 
(g/100g) 3.4 ± 0.1a 2.8 ± 0.6b 3.8 ± 0.1a 621.8**

CrudeFiber 
(g/100g) 2.6 ± 0.7a 2.9 ± 0.2c 2.4 ± 0.1b 256.9**

Crude Lipid 
(g/100g) 10.1 ± 0.1c 4.2 ± 0.2b 15.8 ± 1.1b 394.7*

Crude Protein 
(g/100g) 2.1 ± 0.3a 1.5 ± 0.6c 5.6 ± 1.2c 265.9*

NFE (g/100g) 73.8 ± 0.2b 65.8 ± 0.2c 77.9 ± 0.4a 96.9***

Energy (KJ/100g) 1715.8 ± 4.5a 1115.1 ± 3.5c 1827.2 ± 35.2b 967.5***

Table 1 
Proximate analysis of Berberis tinctoria leaf, stem and fruit.

The proximate analysis between the leaf, stem and fruit were analyzed by DMRT. Mean ± SE 
followed by same letter (s) are not significantly (p >0.05) different according to DMRT. *** Significant 
at 0.1% level, **Significant at 1% level, *Significant at 5% level. NFE- Nitrogen Free Extractives; KJ- 
Kilo Joules.
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While B. tinctoria has an ash content of 3.4 ± 0.1 g/100 
g, 2.8 ± 0.6 g/100 g and 3.8 ± 0.1 g/100 g, for leaf, stem 
and fruit, respectively. The maximal ash was observed 
in fruit because of the anoxic bioflocs which may be the 
reasons for high mineral contents and acid-insoluble 
oxides (Tacon and Ferns, 1979). B. tinctoria plant has 
crude fibre and crude lipid of leaf: 2.6 ± 0.7 g/100 g and 
10.1 ± 0.1 g/100 g, stem: 2.9 ± 0.2 g/100 g and 4.2 ± 0.2 
g/100 g, as well as fruit: 2.4 ± 0.1 g/100 g and 15.8 ± 1.1 
g/100 g, respectively. The total nitrogen was observed 
0.3% in leaf, 0.1% in stem and 0.9% in fruit samples of B. 
tinctoria. The nitrogen protein conversion factors were 
calculated using crude protein (Nx 6.25) which depends 
on the nitrogen content of the sample. The recorded 
crude protein level was 73.8 ± 0.2 g/100 g in B. tinctoria 
leaf, stem and fruits had 65.8 ± 0.2 g/100 g and 77.9 
± 0.4 g/100 g, respectively. The nitrogen-free extracts 
(NFE) which are also called total carbohydrate were 
calculated by adding crude fibre, moisture, crude lipid, 
crude ash, and crude protein of the sample (Siddhuraju 
et al., 1996). 
The NFE of B. tinctoria sample was estimated as 73.8 
± 0.2 g/100 g (leaf), 65.8 ± 0.2 g/100 g (stem) and 
77.9 ± 0.4 g/100 g (fruit). The gross energy (KJ) was 
determined by multiplying the percentage of crude 
protein, crude lipid and NFE contents defending the 
energy level reported by Siddhuraju et al. (1996). The B. 
tinctoria sample has respective gross energy of 1715.8 
± 4.5 KJ/100 g in leaf, 1115.1 ± 3.5 KJ/100 g in stem and 
1827.2 ± 35.2 KJ/100 g in fruit. The proximate analysis 
concluded that the fruit of B. tinctoria has achieved 
a higher amount of moisture, crude ash, crude lipid, 
crude protein, NFE, and energy. Moreover, the stem of 
B. tinctoria has high crude fibre, so the fruit has good 
energy sources compared to the leaf and stem. The B. 
lyceum fruit has the moisture and ash content of 83.2 ± 
0.1% and 0.5 ± 0.1%. The nutritional characteristics of 
the feeds are judged by the moisture and ash content, 
as the result of their constant elemental composition. 
According to the Sood et al. (2010), the ash contents 
of the plant origin are poor nutritional indicators and 
also, they recorded the crude lipid (0.6 ± 0.2%) and 
crude protein (0.8 ± 0.1%) in the B. lyceum fruit. The 
gross energy of B. lyceum fruit is 52.1 ± 0.1 Kcal/100 g 
(Sood et al., 2010). It has been documented that there 
is a proximate relationship between the crude fibre and 
nutrition value of the feed, where higher the nutritional 
fibre, lower the nutritional value. Shah et al. (2003) have 
already reported the crude fibre of B. lyceum fruit being 
0.8 ± 0.1%. Awan et al. (2014) reported the nutritional 
and phytochemical contents of three Berberis fruits. 
The moisture contents of Berberis calliobotrys Bien. ex 
Koehne., Berberis orthobotrys Bien. ex Aitch. and Berberis 
psedumbellata R.Parker. are respectively 80.47%, 74.96% 
and 80.13% accounting for high moisture compared to 
B. tinctoria. The ash content of B. calliobotrys showed 
0.79% which is lower than B. psedumbellata (1.13%) 
and B. orthobotrys (1.05%) (Awan et al., 2014). The 
crude protein and crude fibre were 1.51% and 0.73% (B. 
calliobotrys), 0.96% and 0.78% (B. psedumbellata) and 
1.10% and 0.94% (B. orthobotrys) respectively, among 

these B. Calliobotrys showed high nutritional contents 
(Awan et al., 2014). The results of the proximate analysis 
substantiates that the B. tinctoria fruit exhibited good 
results of moisture, crude ash, fiber, lipid, protein, 
NFE and energy which support that the fruit could be 
considered as a good nutrient-rich source. 

3.2. Mineral contents of B. tinctoria

The mineral (macro and micro) nutrient profile of B. 
tinctoria leaf, stem and fruit were shown in Table 2. 
The ICP-MS analysis reported the presence of essential 
minerals such as potassium (K), aluminium (Al), sodium 
(Na) and magnesium (Mg), in which Na and K cations 
are located mainly inside and outside of the cell, which is 
engaged in the regulation of acid-base balance, plasma 
volume and muscle nerve contraction (Akpanyung, 
2005). The fruit samples had more essential minerals 
compared to the leaf and stem, such as Na (20.296 ± 
0.544 mg/100 g), Mg (75.477 ± 12.845 mg/100 g), Al 
(52.393 ± 15.986 mg/100 g) and K (177.898 ± 38.722 
mg/100 g). The previous research reported the mineral 
contents of B. lyceum leaf with Zn, Mn, Fe, Cu, P, K, Na, 
Ca in which Zn, Cu, and Na were maximum (56.15 ± 
0.01 µg/g, 95.67 ± 0.12 µg/g and 115.00 ± 0.03 µg/g) 
(Shah et al., 2003). Sood et al. (2010) also reported the 
potassium (161.42 ± 0.41 mg/100 g), sodium (14.5 
± 0.11 mg/100 g), and iron (2.61 ± 0.06 mg/100 g) 
contents of B. lyceum fruit extracts which have higher 
mineral content compared to the leaf.  B. tinctoria has 
a significant amount of essential minerals and a low 
amount of heavy metals like Cd, Pb, Se, Cr and Cu 
compared to B. aristata, Berberis. asiatica Roxb. ex DC., 
B. chitria and B. lyceum (Markert, 1994; Srivastava et al., 
2006). The results showed that B. tinctoria is a nutrient-
rich plant and within the field given by Sood et al. 
(2010). The slight variations in results might be due to 
differences in the topography of soil, climate conditions 
coupled with a varietal difference.

3.3. Primary metabolites

The quantitative phytochemical screening of fresh 
leaf, stem and fruit of B. tinctoria are shown in Table 
3. The results conceded that the primary metabolites 
such as carbohydrates, starch, reducing sugar, proteins, 
amino acids and vitamin C are present in an appreciable 
amount in plant parts. The total carbohydrates, starch, 
and reducing sugars were reported individually in 
which the total carbohydrates and starch of B. tinctoria 
were 305.7 ± 26.4 mg GLE/g and 177.3 ± 7.9 mg GLE/g 
in leaf; the stem had 265.2 ± 2.9 mg GLE/g and 84.7 
± 7.5 mg GLE/g, and the fruit contained 383.3 ± 14.3 
mg GLE/g and 206.4 ± 12.1 mg GLE/g, respectively. 
The reducing sugar of 35.1 ± 1.2 mg GLE/g in leaf, 1.4 
± 0.1 mg GLE/g in stem and 29.4 ± 0.4 mg GLE/g in 
fruit was recorded. The total free amino acid content 
in leaf, stem and fruit are 0.3 ± 0.1 mg LE/g, 0.2 ± 0.1 
mg LE/g and 1.3 ± 0.1 mg LE/g,  respectively. Also, 
about 469.1 ± 12.4 BSA mg/g, 23.3 ± 0.3 BSA mg/g 
and 471.8 ± 15.8 BSA mg/g of protein and 12.3 ± 1.5 
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Minerals
Total content of macro and micronutrients
Leaf 

(mg/100g)
Stem

 (mg/100g)
Fruit

 (mg/100g)
Be 0.001 ± 0.001 0.021 ± 0.014 0.932 ± 0.143
Na 8.153 ± 0.535 3.346 ± 0.519 20.296 ± 0.544
Mg 65.514 ± 4.357 32.171 ± 2.451 75.477 ± 12.845
Al 23.798 ± 1.660 25.214 ± 12.741 52.393 ± 15.986
K 95.678 ± 8.236 75.521 ± 21.36 177.898 ± 38.722
Cr 0.002 ± 0.001 0.034 ± 0.002 0.014 ± 0.001
Mn 0.073 ± 0.010 0.002 ± 0.001 0.005 ± 0.002
Fe 0.221 ± 0.032 0.127 ± 0.013 0.117 ± 0.047
Ni 0.001 ± 0.001 0.018 ± 0.00 0.008 ± 0.001
Cu 0.004 ± 0.001 0.002 ± 0.002 0.001 ± 0.005
Zn 0.007 ± 0.001 0.003 ± 0.00 0.006 ± 0.001
As 0.009 ± 0.001 0.022 ± 0.001 0.009 ± 0.001
Se 0 0.015 ± 0 .004 0
Mo 0.001 ± 0.001 0.009 ± 0.001 0.007 ± 0.001
Cd 0 0 0
Pb 0.001 ± 0.001 0.023 ± 0.001 0.001 ± 0.002

Table 2
Total content of macro and micronutrients of Berberis tinctoria leaf, stem and fruit on ICP-MS analysis.

The macro and micronutrients analysis between the leaf, stem and fruit were analyzed the mean ± SE. Be: Beryllium; Na: Sodium; Mg: 
Magnesium; Al: Aluminium; K: Potassium; Cr: Chromium; Mn: Manganese; Fe: Iron; Ni: Nickel; Cu: Copper; Zn: Zinc; As: Arsenic; Se: 
Selenium; Mo: Molybdenum; Cd: Cadmium; Pb: Lead.

Biochemical estimation
Biochemical estimation of primary metabolites

F=df (2,8)
Leaf Stem Fruit

Total Carbohydrates (GLE mg/g) 305.7 ± 26.4b 265.2 ± 2.9a 383.3 ± 14.3c 35.4**

Starch (GLE mg/g) 177.3 ± 7.9a 84.7 ± 7.5b 206.4 ± 12.1c 137.1**

Reducing sugar (GLE mg/g) 35.1 ± 1.2a 1.4 ± 0.1b 29.4 ± 0.4a 1467.1**

Total Free Amino acid (LE mg/g) 0.3 ± 0.1a 0.2 ± 0.1c 1.3 ± 0.1b 190.3*

Protein (BSA mg/g) 469.1 ± 12.4b 23.3 ± 0.3c 471.8 ± 15.8a 559.5***

Vitamin- C (AA mg/g) 12.3 ± 1.5b 4.4 ± 2.1c 18.1 ± 1.9a 124.9***

Table 3
Biochemical estimation of primary metabolites in different extracts of Berberis tinctoria leaf, stem and fruit.

The Primary metabolites analysis between the leaf, stem and fruit were analyzed by DMRT. Mean ± SE followed by same letter (s) are not 
significantly (p >0.05) different according to DMRT. *** Significant at 0.1% level, **Significant at 1% level, *Significant at 5% level. GLE: Glucose 
Equivalents; LE: Leucine Equivalents, BSA: Bovine Serum Albumin equivalents; AA: Ascorbic acid.

AA mg/g, 4.4 ± 2.1 AA mg/g and 18.1 ± 1.9 AA mg/g 
of vitamin C were estimated, respectively. Among the 
different parts used, the fruit showed a high nutritional
value of carbohydrates, amino acids, vitamins, and 
protein in the order, i.e. fruit > leaf > stem indicates 
the antioxidative, anticarcinogenic, antihypertension, 
anti-inflammatory, antimicrobial, immunostimulating, 
and cholesterol-lowering properties (Tabeshpour et al., 
2017). The ascorbic acid in B. lycium fruit was reported 
as 83 mg/g so that the raw berries were prevalently 
consumed by the rural population because of their taste, 

and being rich source of vitamin C and anthocyanin 
(Bober et al., 2018). Most of the Berberis species have 
been used in traditional folk medicine, especially in Asian 
regions. Phytochemicals such as isoquinoline alkaloid 
berberine (useful in treating a wide array of diseases 
including cancer) have been isolated from Berberis 
plants (Bhat and Paliyath, 2016). The reducing sugar 
content of fruit of B. calliobotrys (9.00%), B. orthobotrys 
(7.23%) and B. psedumbellata (7.68%) was already 
reported by Awan et al. (2014). The nutritional and 
antinutritional qualities of the pulp and seed portions 
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of edible fruits (Berberis jaeschkeana C.K.Schneid.; B. 
asiatica; B. aristata; B. lycium; B. pseudumbellata) from 
the Southern Western Ghats and Western Himalayas 
plants showed higher carbohydrates, fibre, protein, 
fat, tannins, and vitamin C (Bhat and Paliyath, 2016). 
Moreover, B. tinctoria raw fruits are consumed by the 
rural population of the Nilgiri hills, which has valuable 
primary metabolites and major active constituents. The 
obtained results were leads to further phytochemical 
analysis.

3.4. Extracts yield percentage

The yield percentage of leaf, stem and fruit extracts of B. 
tinctoria in different solvents extraction was calculated. 
The maximum yield was obtained in methanol and the 
extract recovery percentage was found to be higher in 
leaf (20.30 g per 50 g sample) compared to fruit (12.32 
g per 50 g sample) and stem (4.15 g per 50 g sample). 
The yield percentage in petroleum ether, chloroform 
and ethyl acetate of leaf, stem and fruit was found to be 
low compared to methanol and water (Supplementary 
Table 1). The water extraction of leaf, stem and fruit 
showed extract recovery percentage of 4.93 g, 3.60 g 
and 2.54 g, respectively. The Soxhlet extraction yield 
of B. tinctoria showed a higher yield percentage in 
the alcohol and water extracts compared to the other 
solvents (Srivastava and Rawat, 2007). Therefore, it 
indicates that the extraction efficiency favours the high 
polar solvents.

3.5. Secondary metabolites

The quantitative phytochemical screening of leaf, stem 
and fruit extracts of B. tinctoria has been represented 
in Table 4. As seen, the total phenolics were found 
to be higher in ethyl acetate leaf extract (689.5 ± 2.3 
GAE mg/g), methanol extract of stem (128.1 ± 1.8 GAE 
mg/g) and fruit (498.6 ± 6.9 GAE mg/g), compared to 
other solvent extracts. From the results, the leaf and 
fruit extracts were observed to have higher phenolics 
compared to the stem. A previous study has reported 
the phenolic content of  B. tinctoria fresh fruit as 
410.1 ± 0.1 GAE mg/g (Sasikumar et al. 2012). The 
phenolic content of B. calliobotrys (689.82 mg/100 g), 
B. orthobotrys (675.68 mg/100 g) and B. psedumbellata 
(702.94 mg/100 g) fruits have been reported by Awan 
et al. (2014). B. vulgaris fruit methanolic extract showed 
higher phenolic contents of 28000 mg/g (Motalleb et 
al., 2005). Plenty of inflating evidence turned out that 
consumption of polyphenolic-rich foods may lower the 
risk of health disorders because of their antioxidant 
activity (Shahidi and Ambigaipalan, 2015). Therefore, 
the higher amounts of phenolics in B. tinctoria are 
subjected for their antioxidant capacity. Flavonoids 
are organic compounds that are indirectly involved 
in metabolic activities present abundantly in fruits 
and vegetables which include flavonols, flavones, 
flavanones, and anthocyanins (Alén-Ruiz et al., 2008). 
The flavonoid and tannin contents were found to be 
more in methanol extract of leaf: 411.6 ± 4.7 QE mg/g 

and 251.4 ± 9.6 GAE mg/g, fruit: 389.7 ± 5.7 QE mg/g 
and 236.6 ± 8.1 GAE mg/g as well as stem: 332.1 ± 6.5 QE 
mg/g and 223.3 ± 6.7 GAE mg/g, respectively. The total 
flavonoid content was already reported for the same 
species as 320.1 ±  0.1 QE mg/g (Sasikumar et al., 2012). 
Awan et al. (2014) reported flavonoids of three Berberis 
spp. fruit such as B. calliobotrys (385.52 mg/100 g), B. 
orthobotrys (376.93 mg/100 g) and B. psedumbellata 
(395.09 mg/100 g). Also, Belwal et al. (2016) reported 
higher tannin content of 77.8 ± 2.5 CGE mg/g  in B. 
asiatica fruit methanolic extract. Hanachi and Golkho 
(2009) reported that B. vulgaris fruit has higher tannin 
content of 20.5 ± 0.5 GAE mg/g. Among the reports 
of different Berberis spp., total tannins and flavanoids 
revealed that the proportion of free phenolics was 
higher in methanol extracts of leaf and fruit compared 
to the stem. The in vitro studies related to health and 
disease were advised to intake diet with vast quantities 
of flavonoids; which would increase defence mechanism 
related to oxidative stress (Nithiyanantham et al., 2012). 
The greater amounts of tannins in the extracts of fruit 
of B. tinctoria are due to the higher polymerization of 
existing polyphenolic compounds. It has been reported 
that high molecular weight phenolics such as tannins 
have more ability to quench/scavenge free radicals 
(Hagerman et al. 1998). Tannins are constituents of 
several drugs because of their astringent property, 
used in the treatment of haemorrhoids, diarrhoea, 
dysentery, leucorrhoea, and throat infections (Allport, 
1970). Therefore, the quantification of flavonoid and 
tannin content is important, since it can be correlated 
with the anticancer and radical scavenging activity of 
the plant. Since B. tinctoria possesses good flavonoid 
and tannin content in fruit and leaf, it has high free 
radical scavenging activity which involves the transfer 
of electron or hydrogen atom from flavonoids to free 
radicals. Alkaloids are the largest group known for a 
variety of biological activities having specific mechanism 
of action. They have long been used as psychoactive 
substances but don’t have strong psychoactive effects. 
However, they have been shown as precursors for 
semi-synthetic psychoactive drugs. In fact, alkaloids act 
directly on the central nervous system (CNS) to increase 
feelings of pleasure and warm relaxation and reduce 
pain. So, they definitely treat as a powerful painkiller 
medication (Raffauf, 1996) and antihypertensive agent 
(Zee-Cheng, 1997). Berberis spp. are rich in alkaloids 
(Hinz and Zenk, 1981) and the results of B. tinctoria 
methanolic extract showed the highest amount of 
alkaloids in leaf (392.5 ± 10.2 COLE mg/g), fruit (363.9 
± 23.1 COLE mg/g) and stem (163.6 ± 4.8 COLE mg/g 
) compared to the other solvent extracts. Previously, 
Lamichhane et al. (2014) reported a higher amount 
of alkaloids in the B. aristata fruit methanolic extract. 
Hence, the present study showed that the B. tinctoria 
has rich alkaloids in the ascending order of leaf > fruit 
> stem. Saponins are a group of plant compounds, 
with the number of the stereochemistry of aglycone 
moieties and sugars, producing a distinct array of 
compounds with potent biological effects (Francis et 
al., 2002) such as precipitating and coagulating of red 
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blood cells (Sodipo et al., 2000). The highest amount 
of saponins was observed in the methanolic extract 
of leaf (11.7 ± 0.8 RUTE mg/g), stem (8.1 ± 0.5 RUTE 
mg/g), and fruit (10.3 ± 0.7 RUTE mg/g). The earlier 
reports on B. tinctoria revealed that higher amount 
of secondary metabolic activity of phenolics (10.2 
± 0.12%), flavonoids (1.86 ± 0.31%), tannins (0.40 ± 
0.11%), alkaloids (0.28 ± 0.12%) and saponins (0.34 ± 
0.20%) in leaf methanolic extract (Doss et al., 2009).  
The leaf, stem and fruit of methanol and ethyl acetate 
extracts have excellent secondary metabolic activities 
especially polyphenolics and alkaloids followed the 
trend, fruit >leaf > stem. According to Lamichhane et al. 
(2014), methanolic solvent used for the extraction was 
effective in extracting secondary metabolites especially 

polyphenols in which lower polyphenols are extracted 
efficiently in methanol. Also, the antioxidant properties 
of plant extracts have been attributed to their phenolic 
contents. The phenolics and flavonoids have much 
attention in day-to-day life due to their anti-mutagenic, 
antitumor and antioxidant activities (Lamichhane et al., 
2014). Based on the secondary metabolites, B. tinctoria 
has a major alkaloid, group of benzylisoquinoline 
isoform of oxyberberine, jatrorrhizine, isotettrandine, 
berberine, berbamine and palmatine. Amidst of 
them, berberine  is the most responsible compound 
for the antioxidant and antidiabetes (Andola, 2012). 
Therefore, the present study clearly revealed that 
B. tinctoria has rich secondary metabolites and 
further confirmation studies would be carried out 
for validation of the phytocompounds in this plant.

Secondary 
metabolites

Biochemical estimation of secondary metabolites
Plant 

extracts
Petroleum 

ether Chloroform Ethyl acetate Methanol Hot water F=df 
(14,44)

Total  phenolic 
(GAE mg/g)

Leaf 19.5 ± 4.1f 73.1 ± 2.7e 689.5 ± 2.3a 512.2 ± 12.2b 137.2 ± 5.1d

376.5**Stem 1.6 ± 2.1f 120.1 ± 1.2d 111.1 ± 7.2d 128.1 ± 1.8d 13.9 ± 4.3f

Fruit 15.7 ± 5.8ef 132.7 ± 1.9d 386.8 ± 5.8b 498.6 ± 6.9c 74.9 ± 5.9e

Tannin (GAE 
mg/g)

Leaf 139.5 ± 2.5f 169.1 ± 5.1e 224.3 ± 3.1bc 251.4 ± 9.6a 197.5 ± 4.8d

140.1**Stem 30.4 ± 5.7g 197.7 ± 87.2d 168.3 ± 8.1e 223.3 ± 6.7bc 140.6 ± 10.6f

Fruit 128.6 ± 6.6f 141.9 ± 5.9f 210.5 ± 4.1ed 236.6 ± 8.1b 214.6 ± 11.8c

Total  flavonoid 
(QE  mg/g)

Leaf 88.3 ± 12.3fg 176.3 ± 15.5d 388.6 ± 4.7a 411.6 ± 4.7a 88.6 ± 6.1fg

172.8**Stem 117.6 ± 9.8ef 163.1 ± 16.5d 258.3 ± 15.5c 332.1 ± 6.5b 35.6 ± 7.6h

Fruit 64.3 ± 5.6gh 132.6 ± 12.6e 328.6 ± 11.8b 389.7 ± 5.7a 65.6 ± 4.8gh

Alkaloid (COLE  
mg/g)

Leaf 62.3 ± 1.2h 102.4 ± 1.1g 323.7 ± 3.5c 392.5 ± 10.2a 129.8 ± 2.5f

838.3**Stem 18.1 ± 0.8j 33.4 ± 1.9i 117.2 ± 1.1f 163.6 ± 4.8e 33.9 ± 1.1i

Fruit 24.2 ± 2.1ij 27.8 ± 0.9ij 211.8 ± 12.1d 363.9 ± 23.1b 93.4 ± 5.1g

Saponin (RUTE  
mg/g)

Leaf 0.7 ± 0.1f 0.6 ± 0.4f 7.9 ± 0.1b 11.7 ± 0.8a 7.4 ± 0.3bc

24.7***Stem 0.1 ± 0.1f 1.1 ± 0.1f 5.9 ± 0.1bcd 8.1 ± 0.5b 3.7 ± 0.2de

Fruit 0.7 ± 2.6ef 0.6 ± 0.5f 4.7 ± 0.3d 10.3 ± 0.7a 5.4 ± 0.3cd

Table 4
Biochemical estimation of secondary metabolites in different extracts of Berberis tinctoria leaf stem and fruit.

The secondary metabolites analysis between the leaf, stem and fruit were analyzed by DMRT. Mean ± SE followed by same letter (s) are 
not significantly (p >0.05) different according to DMRT. *** Significant at 0.1% level, **Significant at 1% level. GAE- Gallic acid equivalents; 
QE- Quercetin equivalent; COLE- Colchicine; RUTE- Rutin equivalents.

3.6. Antioxidant activities

The inhibition of free radicals by different antioxidants 
can be measured using several stable free radicals 
such as DPPH, ABTS•+, phosphomolybdenum, FRAP 
and metal chelating activity. The DPPH radical has 
been extensively handled to analyze the capacity of 
compounds to scavenge the free radicals and to figure 
out the antioxidant activity of the sample (Soare et al., 
1997). The effect of solvent concentration on the DPPH 
radical scavenging activities of B. tinctoria leaf, stem 
and fruit extracts were evaluated and exhibited in Fig. 
2a. The DPPH radical scavenging activity was expressed 
in IC50 value in micrograms per mL of fresh weight. 
The IC50 values have been widely used to measure the 
antioxidant activity of the test samples. It is calculated 

as an amount of sample needed to inhibit 50% of free 
radicals in the site of action. Thus, lower the IC50 value, 
higher the antioxidant activity (Rivero-Cruz et al., 2020). 
Among the different solvent extracts, ethyl acetate 
extract of leaf: 34.1 ± 9.8 μg/mL and fruit: 38.2 ± 11.9 
μg/mL showed higher DPPH radical scavenging activity. 
Ascorbic acid and BHT were used as standard and their 
IC50 values were found to be (11.2 ± 6.3 μg/mL) and (10.2 
± 7.4 μg/mL), respectively. A previous study reported 
the DPPH scavenging activity of B. tinctoria fruit with 
an inhibition of 96.6 ± 0.2% (Sasikumar et al., 2012). 
Farmani et al. (2018) also implied the DPPH scavenging 
activities of B. asistita having an IC50 value of 33.3 μg/
mL, while the column fraction Berberis integerrima 
Bunge. extracts showed an IC50 value of 495.5 ± 1.8 
μg/mL. Based on these results, the crude extracts of 
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Fig. 2a. The antioxidant and anti- inflammatory analysis 
of the leaf, stem and fruit extracts of B. tinctoria. a-The 
DPPH* radical assay was to test the ability of free radical 
scavengers to evaluate the IC50 values on leaf, stem and 
fruit extracts of B. tinctoria was compared with BHT and 
Ascorbic acid.

Fig. 2b. The antioxidant and anti- inflammatory analysis of 
the leaf, stem and fruit extracts of B. tinctoria. b- The ABTS˙+ 
scavenging activities on different extracts of leaf, stem and 
fruits was compared with BHT and rutin standard. 

B. tinctoria plant showed better activity which could 
quench more free radicals relative to other species of 
Berberis. The enhanced activity of ethyl acetate extract 
may be due to the mid-polar nature and extracting 
ability of phenolic compounds (Brand-Williams et al., 
1995). On the other hand, the DPPH radical scavenging 
efficiency of extracts from B. tinctoria might have also 
been partly attributed to Millard reaction products than 
phenolic constituents because of radical scavengers 
(Brand-Williams et al., 1995). Thus, antioxidants that 
react quickly with peroxyl radicals may react slow or 
may be inert to the DPPH radical. Steric accessibility is 
a major determinant of the reaction mechanism; hence 
small molecules have higher apparent antioxidant 
capacity due to their better access to the DPPH 
radical site (Prior et al., 2005). Hence, apropos to these 
factors, ethyl acetate and methanol have higher DPPH 
scavenging activity. Therefore, further antioxidant 
studies were carried out to estimate the antiradical 
ability of the plant extracts. The ABTS•+ was activated 
by a reaction of strong oxidizing agent e.g., potassium 
permanganate or potassium persulfate with the ABTS•+ 
salt (Miller and Rice-Evans, 1997). The ABTS•+ cation 
radical scavenging activities of methanol leaf extract 
showed higher activity (73.3 ± 3.1 µM TE/g) followed by 
fruit: 73.4 ± 3.2 µM TE/g and stem: 20.1 ± 6.2 µM TE/g, 
compared to the standards BHT and rutin (89.3 ± 4.9 
µM TE/g, and 85.2 ± 5.3 µM TE/g, respectively) (Fig. 2b). 
Sasikumar et al. (2012) already reported that B. tinctoria 
fruit extract has scavenging activity ranged from 1.0063 
to 2.364 mM TE/g. This study indicated that the extracts 
of B. tinctoria have strong hydrogen donating ability 
that could serve as free radical scavengers by acting 
as primary antioxidants. The phosphomolybdenum 
assay was used to determine the ability of extracts to 
reduce Mo(VI) to Mo(V) and successive development of 
green phosphate/Mo(V) complex at an acidic pH (Prieto 
et al, 1999). Among the different extraction used, the 
methanol extract of fruit showed higher activity (20.1 ± 
0.9 mg AAE/g) followed by ethyl acetate extract of leaf 
(14.1 ± 1.6 mg AAE/g) and stem (16.7 ± 0.5 mg AAE/g). 

Also, the standard BHT (24.7 ± 3.7 mg AAE/g ) and 
ascorbic acid (29.9 ± 2.4 mg AAE/g) showed relative 
activity and the results were represented in Fig. 2c. 

The reduction of Mo(VI) to Mo(V) by the fruit and leaf 
extracts of B. tinctoria specifically contains phenolics 
and flavonoids that are responsible for the electron or 
hydrogen ion transfer (Fernández-Poyatos et al., 2019). 
Fernández-Poyatos et al. (2019) reported 5.7 ± 0.3 mg/
TE g for phosphomolybdenum activity of the Berberis 
thunbergii DC. leaf methanol extract. FRAP antioxidant 
potential of the prepared extracts was estimated from 
their ability to reduce TPTZ-Fe(III) complex to TPTZ-
Fe(II) and the results of leaf, stem and fruit extracts of 
B. tinctoria were given in Fig. 2d. The methanol extract 
of leaf: 56.3 ± 4.9 mM Fe(II)/g extract and fruit: 55.1 
± 2.1 mM Fe(II)/g extract accounted for higher ferric 
reducing power than stem (39.6 ± 6.2 mM Fe(II)/g 
extract). The standard antioxidants BHT: 67.1 ± 4.1 mM 
Fe(II)/g and rutin: 77.6 ± 4.1 mM Fe(II)/g showed more 
antioxidant activity than the plant extracts. Farmani 
et al. (2018) reported that the IC50 value of the FRAP 
activity of B. integerrima fruit was 65.98 ± 0.66 μg/mL 
and 11 ± 0.16 μg/mL, before and after anthocyanin 

Fig. 2c. The antioxidant and anti- inflammatory analysis of 
the leaf, stem and fruit extracts of B. tinctoria. c- The total 
antioxidants activity on phosphomolybdenum method. B. 
tinctoria extracts compared with BHT and Ascorbic acid.
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separation on column fraction. Also, the B. thunbergii 
leaf methanol extract has an FRAP activity of 620 ± 10 
mg TE/g (Fernández-Poyatos et al., 2019). Thus, the 
ferric reducing power of different extracts of B. tinctoria 
revealed that there are compounds in the methanolic 
extract which have a high affinity to the ferrous ions 
and thereby quench/scavenge them through redox 
reactions. In lipid peroxidation, the catalyzing transition 
forms α-bonds with metal and the redox potential 
forms metal ions by stabilization (Duh et al., 1999). The 
higher metal chelating activity was shown by the ethyl 
acetate extract of leaf (125.3 ± 4.6 mg EDTA E/g), fruit 
(115.5 ± 5.2 mg EDTA E/g) and stem (80.3 ± 3.2 mg 
EDTA E/g of B. tinctoria) also standard EDTA showed 
135.5 ± 4.7 mg/g. The results were presented in Fig. 2e.

Fig. 2d. The antioxidant and anti- inflammatory analysis of 
the leaf, stem and fruit extracts of B. tinctoria. d- The FRAP 
activity of different extracts of B. tinctoria in terms of Trolex 
equivalence to compared with BHT and rutin standard.

Fig. 2e. The antioxidant and anti-inflammatory analysis 
of the leaf, stem and fruit extracts of B. tinctoria. . e- The 
metal chelating activity of leaf, stem and fruit extracts of 
B. tinctoria was compared with EDTA equivalence. BHT- 
Butylated hydroxyl toluene: A. acid- Ascorbic acid; EDTA- 
Ethylene diamine tetra acetic acid.

Sasikumar et al. (2012) also reported that the B. 
tinctoria fruit has a metal chelating effect of 96.1 ± 1.6 
mg EDTA E/mL, which confirmed that our study also 
has an equal chelating effect. Fernández-Poyatos et al. 
(2019) reported that the metal chelating activity of B. 
thunbergii was found to be 4.54 ± 0.01 mg EDTA E/g 

in leaf methanol extract. These results indicated the 
development of insoluble metal complexes with ferrous 
ions and the prevention of metal-lipid interaction by 
antioxidants. Hence, the metal chelating assay of B. 
tinctoria revealed that water extract of all the parts has 
shown effective activity, by antioxidant related to its 
sequestering of Fe2+ ions that may otherwise catalyze 
fenton type reactions or participate in metal-catalyzed 
hydroperoxide decomposition reactions. B. tinctoria 
leaf, stem and fruit showed higher antioxidant activities 
in methanol and ethyl acetate extracts. From the results, 
we observed that the B. tinctoria plant has excellent 
antioxidant activities which would be used against 
chronic diseases.

3.7. Correlation analysis between antioxidants activities 
and secondary metabolites

The antioxidant activity and secondary metabolites 
correlation is a challenging task because plant extracts 
have complex mixtures of various metabolic actions 
with antioxidant and pro-oxidant properties that 
show synergistic effects. A strong correlation between 
antioxidant activity and phenolic content has been 
documented in several studies, indicating the significance 
of polyphenols as a potent antioxidant component that
can be noted in numerous plant species (Rana et al., 
2019). The evaluation of antioxidant activities of plant 
extracts is of greater importance to provide novel and 
safe approaches for developing functional products 
with more nutritional and antioxidant ability (Rana et 
al., 2019). In this study, the secondary metabolites of the 
plant extract were found to possess higher antioxidant 
activity and the significant positive correlation analyses 
were demonstrated between secondary metabolites 
and antioxidant activities as being shown in Table 5.
Pearson’s correlation studies also revealed a
positive correlation between antioxidant activity and 
phenolic content (Wang and Lin, 2000; Podsedek 
et al., 2014). It is pointed out that the secondary 
metabolic compounds are the chief source of 
plant antioxidants which can prevent reactive free 
radicals and have progression against cancers, 
cardiovascular diseases, neurodegeneration, 
inflammatory mediated diseases, and chronic 
diseases, including diabetes (Podsedek et al., 2014).

3.8. Principal component analysis of secondary 
metabolites and antioxidant activities

Principal component analysis (PCA) was performed for 
the given dataset including secondary metabolites and 
antioxidant activities. A correlation study was conducted 
between secondary metabolites and antioxidant 
activities among different parts viz., leaf, stem and fruit 
extracts of B. tinctoria using 30 variable components of 
phenolics, tannins, flavonoids, alkaloids, saponins,DPPH 
assay, ABTS•+ assay, phosphomolybdenum 
assay, FRAP assay and metal chelating activity. 
PCA technique is an efficient technique used for the
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chelating fruit. *** Significant at p< 0.001, **Significant at 1% level, respectively.

reduction of dimensionality of the dataset and to 
locate the most influencing variables in the study. 
This technique also identified uncorrelated variables 
that maximize the variance in the dataset. The auto-
scaled data eigenvectors in PCA (van den Berg et al., 
2006) are proportional to the correlation coefficients 
between the PC scores and the variables shown in 
Fig. 3 and Fig. 4. In the multivariate analysis, this fact 
is well-known but does not seem to be understood in 
metabolomics (Afifi et al., 2011). In the present study, 
the correlation coefficients between the PC scores
and the variables are known as ‘factor loading’. This 

concept can be used to conduct statistical hypothesis 
testing and to objectively use statistical criteria to 
pick relevant metabolites (Weston and Gore, 2006). In 
supervised learning approaches, significant metabolites 
are selected according to the significance of factor 
loading or other variable selection methods, such 
as support vector machine, random forest and then 
biological inferences are made by biologists for these 
metabolites. With respect to a biological functional unit, 
such as a metabolic pathway, biologists also draw these 
inferences (Yamamoto et al., 2014). However, there was 
no efficient tool for a single framework that can perform 
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3.9. Anti-inflammatory activity

In the protein denaturation process, secondary and 
tertiary structures of the protein are drifted by an 
external stress which leads to loss of biological function 
such that catalytic ability, solubility and structure of 
the enzyme are due to the aggregation and exposure 
of hydrophobic groups. Denaturation of proteins is a 
fundamental element of inflammation (Matarredona 
et al., 2020). Hence, the anti-inflammatory activity of 
B. tinctoria leaf, stem and fruit extracts were effective 
by inhibiting heat-induced bovine serum albumin 
denaturation where the ethyl acetate fruit extract 
showed maximum inhibition of 95.2% at 500 μg/mL.
It is also noteworthy that the methanol fruit extract 

our workflow, including the statistical hypothesis 
testing of factor loading in PCA (Yamamoto et al., 
2014). In the present study, we performed statistical 
hypothesis testing of the factor loading in PCA for two 
metabolomics datasets from secondary metabolites and 
antioxidants activity. The PCA resulted in finding a high 
positive correlation between all variables by reduction 

of dimensionality in dataset with minimum variance 
that showed ethyl acetate and methanolic extracts 
as pivotal extracts of B. tinctoria. All the experiments 
exhibited that, the antioxidant effect of B. tinctoria
extracts followed the same arrangement that higher the 
metabolites, higher the free radical quenching which 
was also confirmed by correlation analysis and PCA.

 

Fig. 3. PCA active observations of secondary metabolites 
content with their antioxidant activities of leaf, stem and 
fruit extracts of B. tinctoria.

Fig. 4. PCA of secondary metabolites content with their 
antioxidant activities of leaf, stem and fruit extracts of B. 
tinctoria.

exhibited 93.9%, respectively. Aspirin, a standard anti-
inflammation drug showed the maximum inhibition of 
95.6% at the concentration of 100 μg/mL responded 
as control (Fig. 2f). Alamgeer et al. (2015) reported 
that the B. calliobotrys crude methanol extract 
(800 μg/mL) inhibited 89.8% against bovine serum 
albumin (BSA) denaturation which showed maximum 
anti-inflammatory activity against the standard 
drug. In the current investigation, ethyl acetate and 
methanol fruit extract of B. tinctoria showed maximum 
inhibition of protein denaturation mainly due to the 
presence of high quantities of  phenolics, alkaloids, 
amino acids, and flavonoids. Thus, both ethyl acetate 
and methanol fruit extracts have nearly equal 
inhibition to the standard aspirin for the effective 
anti-inflammatory activity than the synthesized drugs.

Fig. 2f. The antioxidant and anti- inflammatory analysis of the leaf, stem and fruit extracts of B. tinctoria. f- The Anti-
inflammatory activity by BSA protein denaturation method of leaf, stem and fruit extracts of B. tinctoria was compared 
with Aspirin standard. BSA- Bovine Serum Albumin. Data are presented as Mean ± SE followed by same letter (s) are not 
significantly (p >0.05) different according to DMRT. *** Significant at 0.1% level.
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In vitro 
Antidiobetic 
inhibitors 
assay

In vitro antidiabetic activities of different extracts of Berberis tinctoria

Plant 
Extracts

Petroleum 
Ether Chloroform Ethyl 

acetate Methanol Hot 
water Acarbose F=df 

(14,44)

α - Amylase   
inhibition 
assay

α 
-Glucosidase 
inhibitors 
assay

Leaf
IC50 (µg/
mL)

184.2 ± 
11.8abc

176.3 ± 
17.2abcd 120.1 ± 7.7efg 86.2 ± 9.5g 157.5 ± 

15.8abc

38.6 ± 
3.7b

32.8 ± 
0.3b

8.4***

8.3***

Stem
IC50 (µg/
mL)

278.5 ± 
27.8ab

274.7 ± 
23.9ab

124.1 ± 
15.8abc

101.2 ± 
10.7abcd

277.5 ± 
25.9a

Fruit
IC50 (µg/
mL)

109.6 ± 
11.8bcd

197.5 ± 
13.8cde 92.5 ± 11.9def 75.5 ± 6.8fg 206.6 ± 

12.8abc

Leaf
IC50 (µg/
mL)

125.2 ± 
12.3abc

125.4 ± 
11.2a

73.2 ± 
11.9abcd

58.8 ± 
13.2cd

146.5 ± 
14.9a

Stem
IC50 (µg/
mL)

134.7 ± 
7.1a

188.3 ± 
14.4a

159.3 ± 
12.4cd

128.6 ± 
9.9bcd

150.9 ± 
16.7a

Fruit
IC50 (µg/
mL)

198.3 ± 
11.2ab

144.5 ± 
5.3ab 76.5 ± 9.4d 45.4 ± 

11.1e
182.3 ± 

7.8a

Table 6 
In vitro antidiabetic activities of different extracts of B. tinctoria leaf, stem and fruit.

The in vitro Antidiabetic activities analysis between the leaf, stem and fruit were analyzed by DMRT. Mean ± SE followed by the same letter 
(s) are not significantly (p >0.05) different according to DMRT. *** Significant at 0.1% level.  IC50- The half-maximal inhibitory concentration.

3.10. In vitro antidiabetic activity

The leaf and fruit of B. tinctoria plant have been widely 
used by the tribes in and around the Nilgiri hill region 
for diabetes mellitus (Latha et al., 2015). The previous 
studies revealed the free radical scavenging activity of 
plant extracts with remarkable antidiabetic potentiality 
(Gudise et al., 2019). In this relation, an attempt 
was made to find the in vitro antidiabetic activity of 
different extracts of B. tinctoria leaf, stem and fruit 
using α-amylase and α-glucosidase enzyme inhibition 
methods. The enzyme activities are responsible for 
postprandial hyperglycemia (break down of dietary 
carbohydrates to glucose), and the selected plant 
extracts were tested against these enzymes which 
may reduce the postprandial hyperglycemic condition 
considered to be a major risk factor for cardiovascular 
disorders (CVD) (Cavarape et al., 2001). The hydrolysis 

of α-1,4-glycosidic linkage of starch, glycogen, and 
different oligosaccharide was catalyzed by α-amylase 
which separates the disaccharides into straight simple 
sugars, promptly accessible for intestinal assimilation 
(Hara and Honda, 1990). The inhibition of α-amylase 
and α-glucosidase in the digestive tract would be an 
active tool to control diabetes (Hara and Honda, 1990) 
and the inhibition assay was expressed in IC50 value 
micrograms per mL of fresh weight. The IC50 values have 
been widely used to measure the antidiabetic activity 
of test samples. It is calculated as an amount of sample 
needed to inhibit the α-amylase and α-glucosidase 
enzyme concentration by 50% (Kazeem et al., 2013), 
thus, lower the IC50 value, higher the antidiabetic 
activity. The B. tinctoria methanolic extract exhibited 
significant antidiabetic activity on both α-amylase 
and α-glucosidase enzyme inhibitors (Table 6). 
Whereas, higher antidiabetic activity was observed in

the hierarchy of methanolic fruit extract (75.5 ± 6.8 
µg/mL and 45.4 ± 11.1 µg/mL), leaf (86.2 ± 9.5 µg/mL 
and 58.8 ± 13.2 µg/mL) and stem (101.2 ± 10.7 µg/mL 
and 128.6 ± 9.9 µg/mL). Acarbose a monetarily known 
antidiabetic inhibitor showed strong inhibitory activity 
of 38.6 ± 3.7 µg/mL (α-amylase) and 32.8 ± 0.3 µg/
mL (α-glucosidase), where the plant extracts showed 
the comparatively equal potential to that of positive 
control. The antidiabetic activity of B. tinctoria methanol 
leaf extract of 150 mg/kg and 300 mg/kg body weight 
in a streptozotocin-induced diabetes rat model showed 
a serious reduction of blood glucose levels (Murugesh 

et al., 2006). The α-glucosidase inhibitory activity of 
Berberis amurensis Rupr. methanol extract of leaf and 
stem showed lower activity (IC50s of 90.5 ± 0.6 and 
147.1 ± 10.1 µg/mL) (Hyun et al., 2015). Upwar et al. 
(2011) reported that B. tinctoria shows a powerful 
antidiabetic activity. Preceded findings on B. vulgaris 
extracts reported excellent inhibition of α-amylase 
and α-glucosidase activity and also confirmed that 
the compound berberine  plays a vital role in the 
antidiabetic activity (Boudjelthia et al., 2017; Dulić et al., 
2019). The compound berberine  present in B. tinctoria 
could block K+ channels on colonic cell lines and 
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also inhibit brain Na+, K+, ATPase and various cations 
dependent phosphohydrolase (Amritpal et al., 2010). 
The compound triggers the adenosine monophosphate 
which activates protein kinase for the development 
of insulin and the mechanism of berberine  may also 
be associated with promoting renewal and functional 
rescue of β cells (Amritpal et al., 2010). Therefore, 
the methanol extract showed the greatest activity 
responsible for the inhibition of α-amylase and 
α-glucosidase synergistically relative to the positive 
control acarbose. Hence, the results substantiate that 
the traditional medicinal plant B. tinctoria could be used 
as an antidiabetic remedy and further investigations are 
still required to authenticate the antidiabetic activity 
of the plant through compound isolation and acute 
toxicity studies in in vivo models.

4. Concluding remarks

The results obtained from B. tinctoria exhibited 
that it possesses immense phytochemicals with 
high nutritional, antioxidant, anti-inflammatory and 
antidiabetic activities. The primary and secondary 
metabolites particularly polyphenols, alkaloids and 
flavanoids are liable as potential nutritional and 
antioxidant agents. The natural antioxidants provide 
supplements and are performed as health hoarders 
which resist many chronic diseases. As a result, we 
should seek out the natural antioxidants in plants like 
B. tinctoria to form a healthy diet. The exploration 
of phytochemical screening for compounds with 
valuable medicinal properties will provide a reliable 
and profitable source of medicine to the humanity. 
To the best of our knowledge, the present research is 
the first scientific report regarding the comparison of 
secondary metabolites and antioxidant activities of B. 
tinctoria. Therefore, further study in phytocompounds 
isolated from B. tinctoria and other research on isolated 
compounds are still necessary to reveal more biological 
effects of this herbal species for the treatment of various 
chronic disorders.
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