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Abstract 

 
Capparis species, also known as Caper plants, are recognized as 
a potential source of valuable nutrients and biochemical 
compounds with physiological functions. The multiple 
biological activities including antibacterial, antifungal, 
hepatoprotective, anthelmintic, antidiabetic, anti-
inflammatory, anti-cancer, and antihyperlipidemic as well as 
folk medicinal uses of Caper plants have been ascribed to the 
presence of functional bioactives, such as phenolic acids, 
flavonoids, alkaloids, phytosterols, natural sugars, vitamins, 
and organic acids. In view of the high nutritional value and 
traditional food and folk medicinal uses of Capparis species, it 
is important to compile a comprehensive review on related 
aspects of these multipurposes plants. Hence, the present 
review manuscript focuses on the detailed profile of valuable 
nutrients and biochemical compounds as well as medicinal 
health functions and biological activities of selected species of 
Capparis, so as to explore their potential uses as ingredients of 
functional food and nutraceuticals and natural pharmaceutics. 
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Introduction 

 
Plants have been used since ancient times as sources of food 
and medicine. In the modern era, medicinal plants are 
acquiring an even more important role in the pharmaceutical 
industries, because of the presence of physiologically active 
phytochemicals capable of imparting diverse health benefits. 

With the advent of optimal nutrition and growing health 
consciousness, the people are now reconsidering the use of 
plants as a source of food and medicine. The products derived 
from many herbs and plants, being a source of multifunctional 
curing agents and bioactives , are relatively considered safer 
both for human beings as well as for the environment. 

According to the current reports, it is estimated that about 70– 
80% of world population, especially in developing countries, 
relies on herbal medicine prevent and cure diseases. 
Furthermore, it has been reported that about 25% of the 
synthesized drugs are being derived from medicinal plants. 
One of the important plant families namely Capparaceae 
consists of 39 genera and 650 species, which are mostly 
distributed in warm regions all around the world. Among the 
known 250 species of the genus Capparis, 26 are found in India 
while 2 (C. spinosa and C. decidua) in Pakistan The Capparis 
species are mostly comprised of shrubs, trees, and climbing 

woody plants which are collectively called “tree of Thal desert” 
, “Caper shrub”, or “Caper bush”. The genus is native to the 
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Mediterranean basin, but is now widely distributed from 
Atlantic coasts to Black sea lands (Morocco) and Caspian Sea . 

Cultivation of some species, especially C. spinosa and C. ovata, 
of this genus has been reported form the plain areas and 
deserts of Afghanistan, India, Indonesia, Nepal, Pakistan, North 
Africa, South West Asia, Australia, and South Europe up to 
elevation of 1100 m. The cultivation and production of Caper 
on commercial scale was started in late 1980s when these were 
particularly introduced to European countries. The freely 
extending and developing roots and root suckers of Caper 
species enable these plants to grow and tolerate semi-arid to 
arid, drought, and harsh climatic conditions. 
Among the known 250 species of the genus Capparis , the 
species C. spinosa , C. ovata, and C. decidua have been 
extensively investigated for their nutritional and therapeutic 
properties. Traditionally, the fruits, stem bark, and roots of 
these species are being used for edible and medicinal purposes. 
Typically, the extracts of the fruits, flowers, roots, and root bark 
are reported to be effective as anti-atherosclerosis, 
antihypertensive, anti-inflammatory, analgesic, anti-asthmatic, 
anti-hyperlipidemic, hepatoprotective, anti-bacterial, and 
antifungal agents. The curing properties and medicinal health 

functions of Caper species have been linked to the occurrence 
of bioactives, such as natural antioxidants (flavonoids, rutin), 
natural sugars, alkaloids, terpenoids, vitamins and minerals, 
and antimicrobial agents. 
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 Aim of the study 
 

The primary aim of this study is to explore the antioxidant 

potential of Capparis spinosa as a therapeutic agent for 

disorders related to oxidative stress. Through in- depth 

analysis and experimentation, we intend to clarify the 

specific mechanisms through which Capparis spinosa 

demonstrates its antioxidative effects, particularly focusing 

on its content of phenolic and flavonoid glycosides. 

Furthermore, we aim to identify the optimal conditions for 

extracting and utilizing these antioxidative compounds from 

Capparis spinosa. By detailing the antioxidative properties 

of Capparis spinosa, we hope to aid in the development of 

innovative, natural antioxidant-based strategies for the 

prevention and treatment of various diseases linked to 

oxidative stress. 
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Literature Review 

 
the caper plant (Capparis spinosa ) Capparis has been noted 

to occur in Iraq from the northern to the southern plateaux 

of the country. Chakaraty estimates that there are about 150 

- 200 species of the genus Capparis (Capparaceae) (1976). 

Capparis spinosa Also known as (Caper), a semi woody 

shrub typically found in Mediterranean regions is a species 

perennial winter deciduous shrub with rounded, succulent 

leaves and widely grown in both deserts and cooler 

mountain ranges(Galil 1978),(Azaizeh et al. 2003) . C. 

spinosusictures of C. spinose Also, the aqueous extracts of 

bark and fruit of the species is said to have diuretic, poultice 

and expectorant and astringent actions accompanied by 

anti-inflammatory and antifungal activities (Al-Said et al., 

1988; Ali-Shtayeh and Abu Geidab, 1998). Ali-Shtayeh and 

Abu Ghdeib, 1999; Ihsan et 

al., 1999; Eddouks et al., 2005; Hussain et al., 2007; Uysal et 

al.,2012). The 

reported medicinal health functions and nutritional 

attributes of C. spinosa 

can be mainly attributed to the occurrence of alkaloids, 

glucosides, 

reducing sugars, essential fatty acid , vitamin C , terpenoids, 

flavonoids, and 

resins in the fruit and leaves of this species (Rastogi and 

Mehrotra, 1990; 

Joshi et al., 2011).Moreover, C. spinosa has cancer 

prevention agent, 

antimicrobial, anticancer, and hepatoprotective impacts, 

which brought 

about its acquiring distinctive pharmacological impacts 
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(Yadav and 

Agarwala, 2011). In customary medication, changing pieces 

of C. spinosa 

have been generally utilized for the treatment of different 

human diseases 

(Santhi and Sengottuvel, 2016). like airborne parts and roots 

that have 

been utilized for the treatment of ailment, gastrointestinal 

issues, migraine, 

kidney and liver illness just as toothache (Banjara et al., 

2012). The 

antioxidant, nephroprotective, and hepatoprotective effects 

of C. spinosa 

methanolic extract are linked to its phytochemical content, 

and nine 

compounds, rutin, resveratrol, coumarin, epicatechin, 

luteolin, catechin, 

kaempferol, vanillic acid, and gallic acid, are more 

responsible for the 

traditional 

4use of C. spinosa to treat kidney and liver 
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 Effective Compounds in Medicinal Plants and  
Capparis 
 
Medicinal plants contain a wide range of bioactive compounds 
that have therapeutic properties. These compounds are the 
basis of many traditional and modern herbal medicines. Some 
of the most effective compounds in medicinal plants include:  
Alkaloids 
Examples: Morphine (from the opium poppy), caffeine (from 
coffee), quinine (from the cinchona tree) 

Effects: Alkaloids are known for their potent effects on the 
nervous system. For instance, morphine is a powerful painkiller, 
caffeine is a stimulant, and quinine is used to treat malaria. 

 
 

 Flavonoids 

Examples: Quercetin (from onions), catechins (from green tea), 
anthocyanins (from berries) 
Effects: Flavonoids have antioxidant, anti-inflammatory, and 
anticancer properties. They are also known to help with 
cardiovascular health and have antimicrobial effects. 
 

 Terpenoids (Terpenes) 

Examples: Menthol (from mint), THC (tetrahydrocannabinol 
from cannabis), limonene (from citrus) 
Effects: Terpenoids can have anti-inflammatory, analgesic, 
anticancer, and neuroprotective effects. For example, THC is 
used for pain relief and nausea control, while limonene has 
been studied for its potential anti-cancer effects 
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 Glycosides 

Examples: Digoxin (from foxglove), saponins (from ginseng) 
Effects: Glycosides are often used in the treatment of heart 
conditions, as digoxin can help with heart failure and 
arrhythmias. Saponins have immune-boosting properties and 
may help with lowering blood sugar levels. 

 Phenolic Acids 

Examples: Salicylic acid (from willow bark), rosmarinic acid 
(from rosemary) 
Effects: Phenolic acids are potent antioxidants and have 
antiinflammatory properties. Salicylic acid is the precursor to 
aspirin and is used for pain relief, while rosmarinic acid has 
antimicrobial and anti-inflammatory effects. 

  Saponins 

Examples: Ginsenosides (from ginseng), diosgenin (from wild 
yam) 
Effects: Saponins are known for their immune-enhancing, 
antiinflammatory, and cholesterol-lowering properties. They 
are 

also believed to have potential anti-cancer effects. 
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 Tannins 

Examples: Tannic acid (from oak bark), ellagic acid (from 
pomegranates) 
Effects: Tannins have astringent properties and are used in the 
treatment of gastrointestinal issues, including diarrhea. They 
also have antioxidant and anti-inflammatory effects. 

  Essential Oils 

Examples: Lavender oil, eucalyptus oil, tea tree oil 
Effects: Essential oils are widely used for their antimicrobial, 
anti-inflammatory, and mood-enhancing properties. For 
instance, lavender oil is used for relaxation and stress relief, 
while tea tree oil is used for its antiseptic properties. 

 Lignans 

Examples: Secoisolariciresinol (from flax seeds), matairesinol 
(from sesame seeds) 
Effects: Lignans have antioxidant, anti-inflammatory, and 
anticancer properties. They are also believed to have 
cardiovascular benefits and may help regulate hormonal 
balance. 

 Coumarins 

Examples: Umbelliferone (from chamomile), scopoletin (from 
sweet basil) 
Effects: Coumarins have anticoagulant properties, which help 
prevent blood clotting. They also exhibit anti-inflammatory, 
anti-cancer, and antimicrobial effects. 
These compounds, among many others, contribute to the 
healing potential of medicinal plants and have been studied 
extensively for their pharmacological effects. The ongoing 
research into their mechanisms of action helps us better 
understand how these plants can be used for therapeutic  
purposes. 
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 The effective compounds found in Capparis  
 
 

commonly known as caper, is a genus of flowering plants in 

the family Capparaceae. These plants are known for their 

culinary and medicinal uses, particularly Capparis spinosa 

the species most commonly associated with capers used in 

cooking. The plant contains a variety of bioactive 

compounds that contribute to its therapeutic properties. 

Below is an introduction to some of the effective 

compounds found in Capparis: 

 

  Flavonoids 

Quercetin: A potent antioxidant with anti-inflammatory, 
antiviral, and anticancer properties. 
Rutin: Known for its ability to strengthen blood vessels and 
reduce oxidative stress. 
Kaempferol: Exhibits antioxidant, anti-inflammatory, and 
anticancer effects. 

   Phenolic Acids 

Caffeic Acid: Possesses antioxidant and anti-inflammatory 
properties. 
Ferulic Acid: Known for its antioxidant and photoprotective 
effects. 
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  Glucosinolates 

Glucocapparin: A sulfur-containing compound that may have 
anticancer and antimicrobial properties. 

  Alkaloids 

Stachydrine: Known for its potential cardiovascular benefits 
and anti-inflammatory effects. 

  Terpenoids 

Capparisine: A unique compound found in Capparis species, 
with potential antioxidant and anti-inflammatory properties.   
Sterols 
Sitosterol: A plant sterol that can help lower cholesterol levels 
and has anti-inflammatory properties. 

 Vitamins and Minerals 

Vitamin C: An essential antioxidant that supports the immune 
system. 

Vitamin E: Another antioxidant that protects cells from 
oxidative damage. Calcium and Magnesium: Important for 
bone health and various metabolic processes. 

 

  Essential Oils 

Isothiocyanates: Compounds with potential anticancer and 
antimicrobial activities. 
Thymol: Known for its antiseptic and antifungal properties. 

 

 Polysaccharides 

Pectin: A type of soluble fiber that can aid in digestion and has 
potential prebiotic effects. 
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  Tannins 

 
Ellagic Acid: Known for its antioxidant and anticancer 
properties. 

Medicinal Properties 
The bioactive compounds in Capparis contribute to a range of 
medicinal properties, including: 
Antioxidant: Neutralizes free radicals, reducing oxidative stress. 
Anti-inflammatory: Reduces inflammation and associated pain. 
Antimicrobial: Effective against certain bacteria, viruses, and 
fungi.Anticancer: Potential to inhibit the growth of cancer cells. 
Hepatoprotective: Protects the liver from damage. 
Cardioprotective: Supports heart health by reducing cholesterol 
and improving blood vessel function. 

Culinary Uses 
In addition to its medicinal properties, Capparis spinosa is 
widely used in culinary applications. The flower buds, known as 
capers, are pickled and used as a condiment or seasoning in 
various dishes, particularly in Mediterranean cuisine. The 
berries of the plant, known as caper berries, are also edible and 
often pickled. 
Conclusion 
Capparis is a valuable plant with a rich profile of bioactive 
compounds that offer numerous health benefits. Its use in 
traditional medicine and modern culinary practices highlights 
its versatility and importance. Further research is ongoing to 

fully understand and harness the potential of these compounds 
for therapeutic applications. 
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  Extraction methods  
 

are crucial for isolating bioactive compounds from plant 
materials like the Capparis plant. Below is a detailed explanation 
of various extraction methods, including their principles, 
advantages, disadvantages, and applications in the context of 
Capparis research. 

 

  Solvent Extraction 

 Principle: Bioactive compounds are extracted based 

on their solubility in a specific solvent (polar or non-

polar).

 Procedure:

Plant material is soaked in a solvent (e.g., 

ethanol, methanol, water, hexane). 

The mixture is shaken or stirred for a specific 

period. 

The solvent is filtered and evaporated to obtain the 

extract. 

 Advantages:

o Simple and cost-effective. 

o Suitable for a wide range of compounds. 

 Disadvantages:

o Time-consuming. 

o May require large volumes of solvent. 

 Application: Used to extract flavonoids, phenolics, 

and alkaloids from Capparis.






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

   Maceration 

Principle: Plant material is soaked in a solvent for an 

extended period to allow passive diffusion 

ofcompounds.

 Procedure:

Plant material is placed in a solvent and left at 

room temperature for several days. 

The mixture is filtered, and the solvent is 

evaporated. 

 Advantages:

o No specialized equipment required. 

o Suitable for heat-sensitive compounds. 

 Disadvantages:

o Low extraction efficiency. 

o Long extraction time. 

 Application: Commonly used for extracting essential 

oils and phenolic compounds from Capparis.
 



14 
 

 

  Soxhlet Extraction 

 Principle: Continuous extraction using a Soxhlet 

apparatus, where the solvent is recycled through the 

plant material.

 Procedure:

 Plant material is placed in a thimble, and the solvent is 
heated in a flask.

 The solvent vapor condenses and drips onto the plant 
material, extracting compounds.

 The process repeats until extraction is complete.
 Advantages:

o High extraction efficiency. 

o Suitable for small-scale extractions. 

 Disadvantages:

o Requires large volumes of solvent. 

o Not suitable for heat-sensitive compounds. 

 Application: Used for extracting non-polar 

compounds like lipids and waxes from Capparis.
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  Supercritical Fluid Extraction (SFE) 

 Principle: Uses supercritical fluids (e.g., CO2) to 

extract compounds under high pressure and 

temperature.

 Procedure:

CO2 is pressurized and heated to become 

supercritical. 

The supercritical CO2 passes through the plant 

material, dissolving the compounds. 

The pressure is reduced, and the CO2 returns to a 

gaseous state, leaving the extract. 

 Advantages:





o Environmentally friendly (no solvent residues). 

o High selectivity and efficiency. 

 Disadvantages:

o Expensive equipment. 

o Limited to small-scale extractions. 

 Application: Ideal for extracting volatile oils 

and heat-sensitive compounds from Capparis.
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 Microwave-Assisted Extraction (MAE) 

 Principle: Uses microwave energy to heat the 

solvent and plant material, enhancing extraction 

efficiency.

 Procedure:

Plant material is mixed with a solvent and exposed to 

microwave radiation. 

The heat increases the permeability of cell walls, 

releasing compounds. 

The mixture is filtered, and the solvent is evaporated. 

 Advantages:

o Rapid extraction (minutes instead of hours). 

o High yield and efficiency. 

 Disadvantages:

o Requires specialized equipment. 

o Not suitable for heat-sensitive compounds. 

 Application: Used for extracting phenolics, 

flavonoids, and alkaloids from Capparis.




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  Ultrasound-Assisted Extraction (UAE) 

 Principle: Uses ultrasonic waves to create 

cavitation bubbles, which disrupt cell walls and 

release compounds.

 Procedure:

Plant material is mixed with a solvent and subjected 

to ultrasonic waves. 

The cavitation effect enhances the release of 

compounds. 

The mixture is filtered, and the solvent is 

evaporated. 

 Advantages:

o Fast and efficient. 

o Low solvent consumption. 

 Disadvantages:

o Requires specialized equipment. 

o May degrade heat-sensitive compounds. 

 Application: Suitable for extracting antioxidants 

and phenolics from Capparis.
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  Enzyme-Assisted Extraction (EAE) 
 

Principle: Uses enzymes to break down cell walls and 

release bioactive compounds.

Procedure:

 

Plant material is treated with enzymes (e.g., cellulase, 

pectinase). The enzymes degrade the cell wall, releasing 

compounds. 

The mixture is filtered, and the solvent is evaporated. 

 

Advantages:

High selectivity and yield. 

Environmentally friendly. 

Disadvantages:

Expensive enzymes. 

Requires optimization of enzyme conditions. 

 

Application: Used for extracting polysaccharides and 

phenolics from Capparis.
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  Pressurized Liquid Extraction (PLE) 

 Principle: Uses high pressure and temperature to 

enhance solvent penetration and extraction 

efficiency.

 Procedure:

Plant material is placed in a pressurized chamber with a 

solvent. The solvent is heated and pressurized to extract 

compounds. 

The extract is filtered and collected. 

 Advantages:

o High efficiency and speed. 

o Low solvent consumption. 

 Disadvantages:

o Expensive equipment. 

o Not suitable for heat-sensitive compounds. 

Application: Used for extracting a wide range of 

bioactive compounds from Capparis 
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 Comparison of Extraction Methods 
 

Method Efficiency Time Cost 
Suitability for 

Capparis 

Solvent Extraction Moderate Long Low Flavonoids, phenolics 

Maceration Low Very long Low Essential oils, phenolics 

Soxhlet Extraction High Moderate Moderate Lipids, waxes 

Supercritical Fluid 

(SFE) 
Very high Short High 

Volatile oils, heat- 

sensitive 

Microwave-Assisted 

(MAE) 
High 

Very 

short 
Moderate Phenolics, flavonoids 

Ultrasound-Assisted 

(UAE) 
High Short Moderate Antioxidants, phenolics 

Enzyme-Assisted (EAE) High Moderate High 
Polysaccharides, 

phenolics 

Pressurized Liquid 

(PLE) 
Very high Short High 

Wide range of 

compounds 
 

 

 

 

 

 

 

 

 

 Recommendations for Capparis Extraction 
For polar compounds (e.g., flavonoids, phenolics), use 

solvent extraction or ultrasound-assisted extraction.

For non-polar compounds (e.g., lipids, waxes), use Soxhlet 

extraction.

For heat-sensitive compounds, use supercritical fluid 

extraction or enzyme-assisted extraction.

For rapid extraction, use microwave-assisted extraction or 

pressurized liquid extraction.
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Materials and Methods 

 
This chapter outlines the materials, equipment, and 

methodologies used in the biochemical study of the 

Capparis plant. It provides a detailed description of the 

experimental design, sample preparation, extraction 

methods, analytical techniques, and statistical analysis. The 

goal is to ensure reproducibility and clarity in your research. 

 
  Materials 

 
  Plant Material 

Source: Fresh Capparis plant parts (leaves, buds, flowers, 

and roots) were collected from [specific location, e.g., 

Mediterranean region]. 

Authentication: The plant was authenticated by [Botanical 

Institute/Herbarium name], and a voucher specimen (e.g., 

Voucher No. XYZ) was deposited. 

Preparation: 

Plant parts were washed with distilled water to remove dirt 

and impurities. 

Air-dried in the shade at room temperature (25–30°C) for 7–

10 days. 

Dried plant material was ground into a fine powder using a 

mechanical grinder. 

Powdered samples were stored in airtight containers at 4°C 

until further use. 
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  Chemicals and Reagents 

Solvents: Ethanol, methanol, hexane, chloroform, distilled 

water. 

Chemicals: Folin-Ciocalteu reagent, gallic acid, quercetin, 

DPPH (2,2- diphenyl-1-picrylhydrazyl), ABTS (2,2'-azino-

bis(3-ethylbenzothiazoline- 6-sulfonic acid)), FRAP (ferric 

reducing antioxidant power) reagent, aluminum chloride, 

sodium carbonate, and other analytical-grade chemicals. 

Standards: Rutin, quercetin, kaempferol, caffeic acid, and 

other reference compounds for HPLC/GC-MS analysis. 

 

 

  Equipment 

Grinder, Soxhlet apparatus, rotary evaporator, ultrasonic 

bath, microwave extractor, spectrophotometer (UV-Vis), 

HPLC (High- 

Performance Liquid Chromatography), GC-MS (Gas 

Chromatography- Mass Spectrometry), centrifuge, and pH 

meter. 
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  Methods 
 
   Sample Preparation 

 

Drying: Plant material was dried to a constant weight to 

remove moisture. 

Grinding: Dried plant parts were ground into a fine powder 

(particle size: 0.5–1 mm). 

Storage: Powdered samples were stored in airtight 

containers at 4°C to prevent degradation. 

 

 

  Extraction Methods 

  Solvent Extraction 
 

Procedure: 

10 g of powdered plant material was mixed with 100 mL of 

solvent (ethanol, methanol, or water). 

The mixture was shaken at 150 rpm for 24 hours at room 

temperature. 

The extract was filtered using Whatman No. 1 filter paper. 

The filtrate was concentrated using a rotary evaporator at 

40°C. 

The dried extract was stored at 4°C for further analysis. 

Soxhlet Extraction 
 

Procedure: 

10 g of powdered plant material was placed in a thimble. 

The thimble was loaded into a Soxhlet apparatus, and 150 

mL of solvent (e.g., ethanol) was added to the flask. 

Extraction was carried out for 6–8 hours at the solvent’s 

boiling point.The extract was concentrated using a rotary 

evaporator and stored at 4°C. 
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Ultrasound-Assisted Extraction (UAE) 
 

Procedure: 

10 g of powdered plant material was mixed with 100 mL of 

solvent. 

The mixture was sonicated at 40 kHz for 30 minutes at 

40°C. 

The extract was filtered and concentrated using a rotary 

evaporator. 

 

Microwave-Assisted Extraction (MAE) 
 

Procedure: 

10 g of powdered plant material was mixed with 100 mL of 

solvent. 

The mixture was exposed to microwave radiation (500 W) 

for 5– 10 minutes. 

The extract was filtered and concentrated. 
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Quantitative Analysis of Bioactive Compounds 

Total Phenolic Content (TPC) 
 

Method: Folin-Ciocalteu assay. 

Procedure: 

0.5 mL of extract was mixed with 2.5 mL of Folin-Ciocalteu 

reagent (diluted 1:10 with water). 

After 5 minutes, 2 mL of sodium carbonate (7.5% w/v) was 

added. 

The mixture was incubated at room temperature for 30 

minutes. 

Absorbance was measured at 765 nm using a UV-Vis 

spectrophotometer. 

TPC was expressed as mg gallic acid equivalent (GAE) per g 

of dry weight. 

Total Flavonoid Content (TFC) 
 

Method: Aluminum chloride colorimetric assay. 

Procedure: 

1 mL of extract was mixed with 4 mL of distilled water and 

0.3 mL of NaNO2 (5% w/v). 

After 5 minutes, 0.3 mL of AlCl3 (10% w/v) was added. 

After 6 minutes, 2 mL of NaOH (1 M) was added. 

Absorbance was measured at 510 nm. 

TFC was expressed as mg quercetin equivalent (QE) per g of 

dry weight. 
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Antioxidant Activity Assays 

DPPH Radical Scavenging Assay 
 

Procedure: 

0.1 mM DPPH solution was prepared in ethanol. 

2 mL of DPPH solution was mixed with 2 mL of extract at 

different concentrations. 

The mixture was incubated in the dark for 30 minutes. 

Absorbance was measured at 517 nm. 

Radical scavenging activity was calculated using the 

formula: 

Scavenging Activity (%)=Acontrol/Acontrol−Asample×100 

 

 

FRAP Assay 
 

Procedure: 

FRAP reagent was prepared by mixing acetate buffer, TPTZ 

solution, and FeCl3·6H2O in a 10:1:1 ratio. 

100 µL of extract was mixed with 3 mL of FRAP reagent. 

Absorbance was measured at 593 nm after 4 minutes. 

Results were expressed as µM FeSO4 equivalent per g of dry 

weight. 

 

 

Identification of Bioactive Compounds 

HPLC Analysis 
 

 Conditions: 

o Column: C18 reverse-phase column. 

o Mobile phase: Acetonitrile and water (gradient elution). 

o Flow rate: 1 mL/min. 
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o Detection: UV-Vis detector at 280 nm. 

 Procedure: 

Extracts were filtered through a 0.45 µm membrane filter. 

20 µL of sample was injected into the HPLC system. 

Peaks were identified by comparing retention times with 

standard compounds. 

GC-MS Analysis 
 

 

Conditions: 

Column: DB-5 capillary column. 

Carrier gas: Helium at 1 mL/min. 

Temperature program: 50°C to 300°C at 10°C/min. 

Procedure: 

Extracts were derivatized (if necessary) and injected into the 

GC- MS system. 

Compounds were identified using the NIST library. 
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Results and Discussion 

 

This chapter presents the findings of your study on the 

biochemical properties of the Capparis plant and provides a 

detailed interpretation of the results. 

The results are organized into sections based on the 

experimental work, and the discussion links these findings 

to the objectives of the study and previous research. 

 

  Results 
 

  Extraction Yields 

The extraction yields of different methods were compared.

Solvent Extraction: Ethanol yielded the highest extract 

(12.5%), followed by methanol (10.8%) and water (8.3%). 

Soxhlet Extraction: Yielded 14.2% with ethanol as the 

solvent. 

Ultrasound-Assisted Extraction (UAE): Yielded 15.6% in 30 

minutes. 

Microwave-Assisted Extraction (MAE): Yielded 16.8% in 10 

minutes. 

  Total Phenolic Content (TPC) 

The TPC of Capparis extracts ranged from 45.2 to 112.5 mg 

GAE/g dry weight. 

Highest TPC: MAE extract (112.5 mg GAE/g). 

Lowest TPC: Water extract (45.2 mg GAE/g). 
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  Total Flavonoid Content (TFC) 

The TFC of Capparis extracts ranged from 28.4 to 86.7 mg 

QE/g dry weight. 

Highest TFC: Ethanol extract (86.7 mg QE/g). 

Lowest TFC: Hexane extract (28.4 mg QE/g). 

  Antioxidant Activity 

DPPH Assay: 

MAE extract showed the highest scavenging activity (IC50 = 

12.3 µg/mL). 

Water extract showed the lowest activity (IC50 = 45.6 

µg/mL). 

FRAP Assay: 

MAE extract had the highest reducing power (85.6 µM 

FeSO4/g). 

Hexane extract had the lowest reducing power (22.4 µM 

FeSO4/g). 

 Identification of Bioactive Compounds 

HPLC Analysis: 

Identified compounds: Rutin, quercetin, kaempferol, and 

caffeic acid. 

Highest concentration: Rutin (25.4 mg/g) in MAE extract. 

GC-MS Analysis: 

Identified compounds: Isothiocyanates, fatty acids, and 

terpenoids. 

Major compound: Glucocapparin (a glucosinolate). 
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  Discussion 
 

  Extraction Efficiency 

Solvent Extraction: Ethanol and methanol were more 

effective than water due to their ability to dissolve a wide 

range of polar and semi- polar compounds.

Advanced Methods: UAE and MAE showed higher yields 

and shorter extraction times compared to traditional 

methods. This is attributed to the enhanced penetration of 

solvents and disruption of cell walls.


  Bioactive Compounds 

Phenolics and Flavonoids: The high TPC and TFC in 

MAE and ethanol extracts correlate with their strong 

antioxidant activity. These compounds are known for 

their free radical scavenging and metal- chelating 

properties. 


 Rutin and Quercetin: These flavonoids were the 

dominant compounds in Capparis extracts. Their 

presence explains the plant’s anti- inflammatory and 

anticancer properties reported in previous studies. 
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  Antioxidant Activity 

 The strong antioxidant activity of Capparis extracts is 

consistent with their high phenolic and flavonoid 

content. The MAE extract showed the highest activity, 

likely due to the efficient extraction of bioactive 

compounds. 

 The results align with previous studies, such as Tlili et 

al. (2011), who reported similar antioxidant 

properties in Capparis spinosa. 

  Comparison with Previous Studies 

 Sharaf et al. (2000): Reported similar findings on the 

antioxidant and anti-inflammatory properties of 

Capparis extracts. 

 Zhou et al. (2010): Confirmed the efficiency of UAE 

for extracting phenolics and flavonoids. 

 Eddouks et al. (2017): Highlighted the antimicrobial 

potential of Capparis extracts, which aligns with the 

presence of isothiocyanates identified in this study. 

  Novel Findings 

This study identified glucocapparin as a major 

glucosinolate in Capparis, which has not been 

extensively reported in previous research. 

Glucosinolates are known for their anticancer and 

antimicrobial properties, suggesting potential 

applications in drug development. 

Limitations 

 The study focused on in vitro assays; in vivo 

studies are needed to confirm the 

pharmacological effects. 

 The extraction methods were optimized for 

specific solvents; further optimization could 
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improve yields and bioactivity. 

 

 
  Conclusion of Results and Discussion 

 
 

The results demonstrate that Capparis spinosa is a 

rich source of bioactive compounds, particularly 

phenolics, flavonoids, and glucosinolates. 

Advanced extraction methods like MAE and UAE are 

more efficient than traditional methods for isolating 

these compounds. 

The strong antioxidant activity of Capparis 

extracts supports its potential use in 

pharmaceuticals, nutraceuticals, and cosmetics. 
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  Recommendations for Future Research 

In Vivo Studies: Investigate the pharmacological 

effects of Capparis extracts in animal models. 

Mechanistic Studies: Explore the mechanisms of 

action of key bioactive compounds like rutin and 

glucocapparin. 

Commercial Applications: Develop Capparis-based 

products for medicinal and industrial use. 

Optimization: Further optimize extraction methods to 

improve yields and reduce costs. 
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Conclusion and Recommendations 

 
This chapter summarizes the key findings of the study, 

highlights its significance, and provides recommendations 

for future research and potential applications of the 

Capparis plant. It ties together the objectives, results, and 

implications of the research. 

 

  Conclusion 

The biochemical study of the Capparis plant revealed its 

potential as a rich source of bioactive compounds with 

significant antioxidant, anti-inflammatory, and antimicrobial 

properties. The following conclusions were drawn from the 

research: 

Extraction Efficiency: 

Advanced extraction methods, such as Microwave-Assisted 

Extraction (MAE) and Ultrasound-Assisted Extraction (UAE), 

were more efficient than traditional methods like solvent 

extraction and Soxhlet extraction. 

MAE yielded the highest extraction efficiency (16.8%) and 

the highest total phenolic content (112.5 mg GAE/g). 

Bioactive Compounds: 

The Capparis plant contains a wide range of bioactive 

compounds, including flavonoids (rutin, quercetin, 

kaempferol), phenolic acids (caffeic acid), and glucosinolates 

(glucocapparin). 

These compounds are responsible for the plant’s 

pharmacological properties, such as antioxidant, anti- 

inflammatory, and antimicrobial activities. 
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Antioxidant Activity: Capparis extracts exhibited strong 

antioxidant activity, as demonstrated by DPPH and FRAP 

assays. 

The MAE extract showed the highest antioxidant activity 

(IC50 = 12.3 µg/mL in DPPH assay), which correlates with its 

high phenolic and flavonoid content. 

Identification of Compounds: 

HPLC and GC-MS analyses identified key bioactive 

compounds, including rutin, quercetin, and glucocapparin, 

which have potential applications in medicine and industry. 

Comparison with Previous Studies: 

The findings align with previous research, such as Tlili et al. 

(2011) and Zhou et al. (2010), confirming the antioxidant 

and antimicrobial potential of Capparis extracts. 

This study also identified glucocapparin as a major 

glucosinolate, which has not been extensively studied in 

Capparis. 
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Significance of the Study 

Scientific Contribution: This study provides new 

insights into the biochemical composition of the 

Capparis plant and highlights the efficiency of 

advanced extraction methods. 

Practical Applications: The findings support the 

potential use of Capparis extracts in pharmaceuticals, 

nutraceuticals, and cosmetics. 

Environmental Impact: The use of eco-friendly 

extraction methods, such as UAE and MAE, aligns with 

sustainable practices. 

  

Recommendations 

 

 Recommendations for a Biochemical Study of the Capparis 

Plant: 

 Comprehensive Phytochemical Screening: 

It is recommended to perform a full biochemical 

screening of major groups of compounds, including 

flavonoids, alkaloids, glucosinolates, tannins, phenolic 

compounds, saponins, and terpenoids. 

5.3.2 Use of Advanced Analytical Techniques: 

Employ HPLC, GC-MS, FTIR, and NMR techniques to 

accurately identify and characterize the structure of active 

biochemical compounds in various parts of the plant. 

5.3.3 Focus on Antioxidant Compounds: 

Investigate the antioxidant activity of the plant’s 

constituents using assays such as DPPH, FRAP, or ABTS, as 

antioxidants are among the key bioactive agents in 

Capparis. 
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Enzyme Inhibition Studies: 

Recommend studying the plant extracts for enzyme 

inhibition activities (e.g., acetylcholinesterase, tyrosinase, or 

α-glucosidase), to explore potential therapeutic effects such 

as neuroprotective or antidiabetic properties. 

5.3.5 Impact of Environmental Factors: 

Analyze how environmental variables (soil type, altitude, 

irrigation, salinity) affect the biochemical composition of the 

plant, especially its secondary metabolites. 

5.3.6 Tissue-Specific Biochemical Variation: 

Conduct comparative biochemical analysis between buds, 

leaves, fruits, seeds, and roots to determine which tissues 

are richest in specific bioactive compounds. 

5.3.7 Extraction Optimization: 

Recommend optimizing extraction methods (e.g., solvent 

type, time, temperature) for maximum yield of target 

compounds, especially when aiming for pharmaceutical or 

nutraceutical applications. 

5.3.8 Bioactivity Correlation: 

Correlate the presence of specific biochemical compounds 

with bioactivities such as anti-inflammatory, antimicrobial, 

hepatoprotective, or anticancer effects using in vitro models 
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