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Abstract 
Murraya koenigii (M. koenigii) which belongs to the family Rutaceae is a medicinal plant that is rich with phytochemicals. Phyto-

chemicals are bioactive compounds that can be used as sources for prevention and treatment of many diseases. This study aims 

to determine the total phenolic content (TPC), total flavonoid content (TFC), total antioxidant activity (TAA), and characterisa-

tion of phytochemicals of the M. koenigii leaves; after applying different drying methods and a variety of solvents for extraction 

of phytochemicals. Sun-dried, shade-dried, and fresh M. koenigii leaves are employed in the study along with the use of n-

hexane, methanol, and distilled water as a solvent for extraction of phytochemicals based on polarity. The maceration method 

is used for extraction, the Folin-Ciocalteu method for evaluation of total phenolic content, the colorimetric test for total flavonoid 

content, phosphomolybdate assay for antioxidant activity analysis, and Fourier transform infrared spectroscopy (FT-IR) for 

determining various functional groups present in these phytochemicals. Phytochemical contents, antioxidant activities and func-

tional groups are compared in different types of leaves as well as different solvents. The results of the study revealed that shade-

dried leaves extracted using distilled water and fresh leaves extracted using methanol have high TAA which is 0.371 ± 0.02 

µg/mL and 0.375 ± 0.01 µg/mL, respectively. This high antioxidant activity is due to high phenolic and flavonoid content in these 

samples, 67.03±3.10, 0.75±0.13 (mg GAE/g dry weight) for M. koenigii Shade Dried Water extract (MKShDW) and 112.94±1.03, 

0.52±0.08 (mg QE/g Fresh Weight) for M. koenigii Fresh Methanolic extract (MKFrMe), respectively. Thus, these leaves can be 

used as a good source of natural antioxidants. Various functional groups are observed in the FT-IR analysis of this study such 

as alkanes, alcohols/phenols, aldehydes, esters, ethers, amines, amides, etc. 
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1. Introduction 

Murraya koenigii (M. koenigii), also known as 

“curry leaf” or “Kari patta” (Rana and Yamini 

2022, 1-6) in Pakistan, is a commonly used aro-

matic plant in South Asian countries, particularly 

India and Pakistan. It has been used for centuries 

for its medicinal properties and as a spice in culi-

nary. The plant belongs to the family Rutaceae 

(Abuga et al. 2020) and is a deciduous shrub of 

about 16–15 inches or a small tree of about 3-5 me-

ters with woody stems and smooth leaves (2-4 cm 

long) that are strongly aromatic. It also has small 

white, 5-petaled fragrant flowers (Sharma et al. 

2020). Its fruit is an edible small, glandular berry, 

clustered closely, enclosing two green seeds and 

blackens when ripe (Abeysinghe et al. 2021). Ac-

cording to the “Flora of Pakistan'', the curry leaf 

plant is commonly found along the foothills of the 

Himalayas and has spread to other regions due to 

migration, from the River Ravi towards Tamil 

Nadu and Assam and to Chittagong in Pakistan, 

India, and Bangladesh respectively (Datta et al. 

2023, 271-287). M. koenigii has been utilized as a 

medicinal plant, flavorant, and aromatic with 

widespread ethnobotanical use for centuries. The  
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Figure 1: (a) Dried sample mixed with solvent (b) the mixture was placed on the shaker in bottles (c) the extract 

was strained using a muslin cloth (d) the resulting extract was passed through a filter paper (e) the filtrate was 

transferred into petri plates for drying in fumehood 

  

dried leaves of this plant are often utilized as a sea-

soning in Pakistani cuisine. The various parts of 

the curry leaf plant, including stems, bark, seeds, 

fruits, roots, and leaves, play a significant role in 

fighting infection and boosting immunity. Con-

suming the leaves raw cures dysentery and the ex-

tract of its root is administered to control kidney 

pains and reduce fever (Azmin and Chng 2020, 26-

28). In traditional Ayurveda, curry leaves were 

used to treat hypertension, hysteria, cough, rheu-

matism, and hepatitis (Raghu 2020, 1-8). M. koeni-

gii has a variety of chemical components that in-

teract to produce their pharmacodynamic re-

sponse. The presence of phytochemicals such as 

alkaloids, essential oils, phenolics, terpenoids, to-

copherol, -carotene, and lutein as well as minerals, 

protein, and fat has been suggested as the cause of 

the bioactivity of curry leaf (Balakrishnan et al. 

2020, 3-7). Although the curry leaf plant produces 

a relatively small number of phytochemicals, it 

possesses hepatoprotective, anti-hypercholester-

olemic, anti-diabetic, diabetic, antibacterial, anti-

inflammatory, and antioxidant activity (Balakrish-

nan et al. 2020, 13-17). 

The pathogenesis of various conditions involves 

the participation of reactive oxygen and reactive 

nitrogen species, which include free radicals. The 

living organism must maintain an equilibrium be-

tween the formation of these reactive species and 

their accumulation in cells and tissues, as well as 

the biological system's capacity to detoxify them. 

The absence of this balance results in a condition 

known as oxidative stress, which occurs when the 

concentration of reactive species is too high, lead-

ing to harmful effects on humans, plants, and ani-

mals. Antioxidants utilized in medicine and in-

dustry can be classified into; natural and synthetic. 

Synthetic antioxidants, which are commonly used, 

are believed to have detrimental effects on the hu-

man body, prompting a shift towards natural an-

tioxidants derived from plants (Sen and 

Chakraborty 2011). One of the most prominent 

natural antioxidant groups is polyphenolic com-

pounds that possess one or more hydroxyl groups  
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Figure 2: Scatter plot diagram for concentrations of Gallic Acid. 

 

 

Table 1: Total Phenolic Contents and Total Flavonoid Contents in M. koenigii leaf extracts. 

 
Leaf Extract 

Samples 

Total Phenolic Content  

(mg GAE/g Dry Weight) 

Total Flavonoid Content  

(mg QE/g Dry Weight) 

MKSuDMe 6.67±0.40 0.55±0.14 

MKSuDnH 21.05±1.74 0.46±0.06 

MKSuDW 30.16±1.39 0.41±0.30 

MKShDMe 2.05±1.94 0.58±0.03 

MKShDnH 1.31±0.84 0.43±0.12 

MKShDW 67.03±3.10 0.75±0.13 

MKFrMe 112.94±1.03 0.52±0.08 

MKFrnH 1.66±0.29 0.50±0.04 

MKFrW 41.50±0.66 0.37±0.14 

              

 

within their chemical structure. These compounds 

can be grouped into two main classes: phenolic ac-

ids and flavonoids (Olszowy 2019). Different or-

ganic bioactive compounds like crystalline glyco-

sides, carbazole alkaloids, koenigin, girinimbin, 

iso-mahanimbin, koenine, koenidine, and 

koenimbine show exceptional antioxidant proper-

ties (Asema et al. 2021, 1798-1801). The mechanism 

of action of the antioxidant activity of curry leaves 

involves the ability of these phytochemicals to 

scavenge free radicals and reactive oxygen species 

(ROS) in the body by neutralizing free radicals af-

ter donating an electron or hydrogen atom to sta-

bilize them and prevent them from causing further 

damage. Curry leaves' antioxidant qualities are at-

tributed to their ability to activate innate antioxi-

dant enzymes such as glutathione peroxidase, cat-

alase, and superoxide dismutase (Gill and Sharma 

2014, 126–29; Rehana et al. 2017). It was discovered 

that the antioxidant effect may be caused by the 

plant’s high total phenolic content and total flavo-

noid content as well as its capacity to scavenge free 

radicals (Aryal et al. 2019, 96). The purpose of our 
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study was to determine the effect of different dry-

ing methods on the phytochemical content and an-

tioxidant activity of M. koenigii leaves.  

2. Materials and Methods 

2.1.  Apparatus and Equipment 

The utilized instruments and equipment include a 

UV-visible spectrophotometer (UV-1602 spectro-

photometer - BMS - MA State, USA), a water bath, 

dry bath, a rotary flask shaker (BIORAYS), Nicolet 

iS10 FT-IR Spectrometer (Thermo Scientific), glass 

pipette, micropipettes, electronic analytical bal-

ance, test tubes, flasks, petri plates, Eppendorf/ 

culture tubes, Eppendorf tubes rack. 

2.2.  Chemicals  

n-Hexane (Sigma), distilled water, Methanol 

(Sigma), Folin-Ciocalteu reagent (FC reagent) 

(Sigma), Sodium carbonate (Sigma), Gallic acid 

(Sigma), Quercetin (Sigma), Aluminum chloride 

(Sigma), Potassium acetate (Sigma), Ascorbic acid 

(Sigma), Sulphuric Acid (Sigma), Sodium Phos-

phate (Sigma), and Ammonium Molybdate 

(Sigma). 

2.3.  Sample Collection and Authentication  

The fresh leaf samples of M. koenigii were collected 

from the Islamabad region. The authenticity of the 

samples was verified by the Pakistan Museum of 

Natural History, Islamabad. Voucher specimens, 

accession number 043157, were deposited at the 

Pakistan Museum of Natural History, Islamabad. 

2.4.  Preparation of Samples 

The collected M. koenigii leaf samples were parti-

tioned and cleaned to eliminate any attached for-

eign matter. For drying, leaves were allowed to 

sun-dry for a period of 5 days, while some were 

shade-dried at room temperature for 15 days and 

subsequently pulverized into a fine powder by us-

ing a mechanical blender. To achieve a particle size 

smaller than 1.40 mm, sun-dried and shade-dried 

ground leaf samples were also sieved. To ensure 

their preservation, all the powdered materials 

were stored in sterile bags in a dry location. The 

maceration method of extraction was used to ob-

tain curry leaf extracts. n-hexane, methanol, and 

water were employed as the extracting solvents in 

concentrations of 25g/100ml for each sun-dried, 

shade-dried, and fresh sample (Figure 1). The 

fresh leaf sample was extracted with methanol, n-

hexane, and distilled water separately, using a 

blender. To determine solvent efficiency, the per-

centage yield was calculated from the extracts by 

using the formula; % yield = weight of dry extract/ 

weight of dry sample X 100. 

2.5.  Total Phenolic Content (TPC) 

Determination 

The TPC of fresh and dried leaf extracts from M. 

koenigii was analyzed using the Folin-Ciocalteu re-

agent (FC reagent) by using the method described 

by (Tabassum et al. 2019) with slight optimization. 

In this analysis, the DMSO-dissolved plant extract 

(1.0 mg/mL) was mixed with the FC reagent. Each 

plant extract sample (1.0 mg/mL) was dispensed 

into a test tube in a volume of 300µL. To this, 1.5 

mL of FC reagent was added, and the mixture was 

allowed to incubate at room temperature for 5 

minutes. Subsequently, 1.5 mL of a 7% Na2CO3 so-

lution was added to the test tube, and the solution 

was left at room temperature for 90 minutes. The 

absorbance was measured at 725 nm of the result-

ing solution. All the tests were performed in trip-

licates. Gallic acid equivalents (GAE) of the frac-

tion in mg/g were used to determine the TPC. A 

stock solution of 10 mg/mL of gallic acid was pre-

pared, afterwards dilutions with a concentration 

range of 200-800 µg/mL were used to obtain the 

standard curve. 

2.6.  Total Flavonoid Content (TFC) 

Determination 

The total flavonoid levels were determined using 

a calorimetric test as described by (Tabassum et al. 

2019) with modifications. In this method, 500 µL 

of the DMSO dissolved extracts (1 mg/mL) were 

combined with 1.5 mL of methanol in a test tube. 

To this premixed solution, 100 μL of 10% Alumi-

num chloride, 100 μL of 1M Potassium Acetate, 

and 2.8 mL of distilled water were added. The re-

sulting mixture was incubated for thirty minutes 

at room temperature, and the absorbance was 

measured at 415 nm. All the tests were performed 

in triplicates. The TFC was calculated as mg Quer-

cetin equivalents (QE) per gram of dried extract. A  
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Figure 3: Scatter plot diagram for Quercetin concentrations. 

 

Table 2: Total antioxidant activity of M. koenigii leaf extracts. 

 
Leaf Extract Samples Total Antioxidant Activity 

(Absorbance at 695 nm of 50 µg/mL of Sample) 

MKSuDMe 0.356±0.01 

MKSuDnH 0.395±0.02 

MKSuDW 0.331±0.33 

MKShDMe 0.353±0.02 

MKShDnH 0.340±0.01 

MKShDW 0.371±0.02 

MKFrMe 0.375±0.01 

MKFrnH 0.362±0.00 

MKFrW 0.305±0.07 

Ascorbic Acid 0.867±0.01 

Quercetin 0.422±0.00 

 

 

stock solution of 10 mg/mL of quercetin was pre-

pared, afterwards dilutions with a concentration 

range of 15.6-250 µg/mL were used to obtain the 

standard curve.  

2.7.  Antioxidant Activity Determination 

The TAA of the fractions was determined by the 

phosphomolybdate method as described by 

(Saeed et al. 2012). Dilutions of 50 µg/mL, 500 

µg/mL, and 1000 µg/mL of plant extract (1mg/mL) 

were prepared. Briefly, 100µL extract dilution was 

mixed with 1 ml of reagent solution (0.6M Sul-

phuric Acid, 28 mM Sodium Phosphate, and 4 mM 

Ammonium Molybdate) in test tubes. The tubes 

were closed and incubated in a dry bath at 95°C 

for 90 minutes. Afterwards, the samples were al-

lowed to cool down to room temperature and their 

absorbance was measured at 695 nm against a 

blank. For blank, 100µL of DMSO was mixed with 

the reagent solution and incubated under the same  
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Figure 4: Total antioxidant activity of M. koenigii leaf extracts. 

 

conditions (90 min at 95°C). All tests were per-

formed in duplicates. Ascorbic acid and quercetin 

were used as the reference standards. 

2.8.  FT-IR Analysis 

An FTIR spectroscopic analysis was performed to 

identify the functional groups present in M. koeni-

gii leaves. The FT-IR spectra of 9 samples, M. koeni-

gii Sun-Dried Methanolic extract (MKSuDMe), M. 

koenigii Sun-Dried n-Hexane extract (MKSuDnH), 

M. koenigii Sun-Dried Water extract (MKSuDW), 

M. koenigii Shade Dried Methanolic extract 

(MKShDMe), M. koenigii Shade Dried n-Hexane 

extract (MKShDnH), MKShDW, MKFrMe, M. 

koenigii Fresh n-Hexane extract (MKFrnH) and M. 

koenigii Fresh Water extract (MKFrW), were rec-

orded on a Nicolet iS10 FT-IR instrument within 

the wavelength range of 400-4000 cm-1. 

2.9.  Statistical Analysis 

Microsoft Excel was used to perform the statistical 

analysis as well as for regression analysis. Mean 

values and standard deviations from three repli-

cates of each experiment were calculated and re-

ported as the mean value ± the standard deviation.  

 

3. Results 

3.1. Total Phenolic Content (TPC) 

The TPC of the different M. koenigii extracts varied 

significantly as shown in Table 1. To determine the 

number of phenols in each fraction, TPC method-

ology was employed. Different solvents were used 

to extract phenols with varying polarity. The TPC 

trend determined shows the highest phenolic con-

tent in MKFrMe, whereas the lowest is 

MKShDnH. The overall trend seen was, MKFrMe 

> MKShDW > MKFrW > MKSuDW > MKSuDnH > 

MKSuDMe > MKShDMe > MKFrnH > MKShDnH.  

Gallic acid was used as the standard for TPC. The 

corresponding absorbance values recorded for dif-

ferent concentrations of gallic acid were in the 

range of 0.389-0.446. As the concentration of gallic 

acid increased, there was a discernible increase in 

absorbance, suggesting a proportional relation-

ship between the concentration of gallic acid and 

the absorbance measured as shown in the scatter 

plot (Figure 2). 

3.2. Total Flavonoid Content 

Spectrophotometric measurement of flavonoids in 

different samples was done using the TFC deter-

mination method (Table 1). The majority of oxidiz-

ing chemicals, including singlet oxygen, and other 

free radicals are effectively scavenged by flavo-

noids. Within the various fractions, the TFC varied 

between the lowest 0.37 mg QE/g of MKFrW ex-

tract and the highest, 0.75 mg QE/g of MKShDW 

extract. The trend formed is as; MKShDW > 

MKShDMe > MKSuDMe > MKFrMe > MKFrnH > 

MKSuDnH > MKShDnH > MKSuDW > MKFrW.   
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Figure 5: FT-IR spectrum representing potential bands in MKShDW (M. koenigii Shade Dried Water Extract) 

 

Table 3: FT-IR Spectral peak values of MKShDW with functional groups from literature (Cseke et al., 2006). 

 
Peak Value Functional Group Assignment Possible Compound 

656.89 C-I Halo compound 

1065.81-1266.12 C-O, C-O(Aryl), C-N Alcohol/Phenols, Ether, Ester, Amide, Amine 

1393.17 -CH3, O-H Alkanes, Alcohol/Phenols, Acid 

1582.13 C= C, N-H Aromatics, Amine 

3221.90 O-H, N-H Alcohol/Phenols, Amine, Amide 

Quercetin was used as a standard for TFC. The ab-

sorbance values of different concentrations of 

quercetin were recorded in the range of 0.273-

0.751. As the concentration of quercetin increased, 

there was a noticeable rise in absorbance, indicat-

ing a proportional relationship between the con-

centration of quercetin and the absorbance meas-

ured as shown in the scatter plot (Figure 3).  

3.3. Total Antioxidant Activity  

The assay for phosphomolybdate reduction has 

been widely utilized to ascertain the overall anti-

oxidant potential of samples. The extract's antiox-

idant activity was as follows: MKSuDnH > 

MKFrMe > MKShDW > MKFrnH > MKSuDMe > 

MKShDMe > MKShDnH > MKSuDW > MKFrW. 

The leaf extract samples' absorbance values were 

between 0.305 ± 0.07 μg/ml and 0.395 ± 0.02 μg/ml, 

at 695 nm (Table 2). As shown in Figure 4, all the 

leaf extracts prepared in different solvents and 

standard compounds showed an increase in anti-

oxidant activity in a dose-dependent manner. 

From Figure 4, it was observed that the TAA of 

curry leaves was highest for Ascorbic acid fol-

lowed by Quercetin as they were standards. It was 

followed by MKSuDnH extract, followed by TAA 

of MKShDnH extract. Next in descending order, 

was the TAA of MKFrMe extract, followed by that 

of MKShDW, then the TAA of MKFrnH. The TAA 

of MKShDMe extract using methanol is lower than 

the TAA of MKShDW. The second lowest is the 

TAA of the MKSuDW extract. While the lowest 

TAA is of MKFrW extract. On the other hand, the 

highest TAA was shown by a sun-dried n-hexane 

extract. 

3.4. FT-IR Analysis of Leaf Extracts 

The peak values found in the FT-IR spectrum were 

used to determine the functional groups of the ac-

tive components contained in the three extracts  
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Figure 6: FT-IR spectrum representing potential bands in MKFrMe (M. koenigii Fresh Methanol Extract) 

 

Table 4: FT-IR Spectral peak values of MKFrMe with functional groups from literature (Cseke et al., 2006). 

 
Peak Value Functional Group Assignment Possible Compound 

3250.00 C=C-H Alkenes, Aromatics 

2921.43 -C-H, -O-H (Dimer) Alkanes, Acids 

1717.04-1733.64 C=O Acids, Esters 

1646.56-1699.82 C=C, C=O (unsat.), C=O, N-H Alkenes, Aldehydes, Acids, Amines 

1595.86 C=C, N-H (pri), N-H (sec) Aromatics, Amines 

1521.04-1559.12 N-H (sec) Amines 

1395.68-1507.00 C=C Alkanes, aromatics, alcohols/phenols, acids 

1042.05-1273.64 Alkyl, C-O, Aryl, C-N Alcohols/phenols, Ethers, Esters, Acids, 

Amines 

920.30 O-H Acids 

742.40-831.17 (CH2), N-H Alkanes, Amines 

663.11-688.35 C-Br, C-Cl Halo compounds 

having the best antioxidant activity. Each potential 

peak was given a numerical label (Figure 5 to Fig-

ure 7), and (Table 3 to Table 5) provided the poten-

tial functional groups of the peak values.  

 

4. Discussion 

The percentage yield of fresh and shade-dried 

samples is highest for water extracts and least for 

n-hexane extracts, depicting the solubility of phe-

nolic compounds in polar solvents. The sun-dried 

sample has the highest percentage yield for meth-

anolic extract followed by water and n-hexane ex-

tracts; these results support previous studies such 

as (Ali et al. 2021, 985-992). Phenolics are a more 

potent antioxidant than carotenoids, vitamins C 

and E, as demonstrated through in vitro studies. It 

is believed that phenolics possess strong antioxi-

dant properties. Additionally, phenolics have 

been partially responsible for the inverse relation-

ship observed between the consumption of fruits 

and vegetables and the occurrence of oxidative 

stress-related disorders, including cancer, osteo-

porosis, and cardiovascular diseases (Scalbert et 

al. 2005, 287-306). The high TPC observed in 

MKFrMe suggests that freshly harvested leaves 

possess a rich pool of phenolic compounds, likely 

due to reduced enzymatic degradation and mini-

mal loss of bioactive constituents during pro-

cessing (Salve et al. 2020, 584-89). Our study 

showed that sun-dried samples had more phenolic  
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Figure 7: FT-IR spectrum representing potential bands in MKSuDnH (M. koenigii Sun-dried n-Hexane Extract) 

 

content than shade-dried samples, although fresh 

samples showed higher phenolic content than 

sun-dried ones. This result is consistent with the 

study by (Roshanak et al. 2015) which shows that 

high temperatures are responsible for phenol 

preservation. His study also shows the higher 

TAA of sun-dried samples contributed by TPC 

compared to shade-dried samples. 

To comprehend plant extracts' possible health ad-

vantages and antioxidant qualities, it is essential to 

look at their TFC. Among the many biological 

roles that flavonoids exhibit are anti-inflamma-

tory, antioxidant, and anti-carcinogenic properties 

(Cushnie and Lamb 2005). Shade-dried leaves had 

higher TFC across all solvents than fresh or sun-

dried leaves. Sun-dried leaves had slightly higher 

TFC content than fresh extracts and higher TFC 

than MKShDnH. This is similar to the trend of TPC 

and coincides with (Roshanak et al. 2015) study 

that showed high TAA of sun-dried extracts. This 

might also be because the drying temperature was 

not high enough to degrade the flavonoids. The 

fresh extracts show overall reduced TFC com-

pared to sun-dried and shade-dried leaves. This 

might be due to incomplete extraction or enzy-

matic degradation. Fresh leaves might have intact 

cell walls that hinder the complete release of flavo-

noids during extraction compared to dried sam-

ples where cell walls might be more disrupted as 

well as, the presence of active enzymes in fresh 

samples that can degrade flavonoids soon after 

harvest.  

Adding more antioxidants to one's diet may be a 

long-term approach to avoid lifestyle-related non-

communicable diseases like cancer, cardiovascu-

lar disease, and hypertension. This is because free 

radicals harm the human body (Tomar, Banerjee, 

and Kaushik 2017). The TAA of the polyphenol ex-

tracts obtained from plants was estimated using 

the phospho-molybdenum test to examine both 

the absolute and comparative effects. The phos-

pho-molybdenum assay's total antioxidant activ-

ity is dependent on the conversion of Mo VI to Mo 

V and the creation of a green Mo V complex, which 

has a maximum absorbance at 695 nm (Behera, 

Senapati, and Parida 2022).  

Because volatile chemicals and enzymatic activity 

are preserved during the extraction process, fresh 

leaf extracts often display stronger antioxidant ac-

tivity than shade-dried extracts. Volatile sub-

stances found in fresh leaf extracts can greatly en-

hance their antioxidant capacity. Certain sub-

stances, such as flavonoids and phenols, are fre-

quently heat-sensitive and may be lost or deterio-

rated during the drying process as indicated in (Li-

yanage et al. 2017). Studies indicate that fresh leaf 

extracts have a greater concentration of volatile 

chemicals, which enhances their antioxidant  



 

          Phy. Pha. Com. 04 (01) 2024, 03-16 

 
Table 5: FT-IR Spectral peak values of MKSuDnH with functional groups from literature (Cseke et al., 2006). 

 
Peak Value Functional Group Assignment Possible Compound 

679.49 C-Br, C-Cl Halo compound 

719.34-978.92 (CH2)n>4, N-H Alkanes, Amine 

1025.59-1207.63 O-H, C-O, Aryl, C-N Alcohol/Phenols, Ether, Ester, Amine, Ac-

ids 

1310.54-460.46 -CH3, O-H, C-O, Aryl, -CH2, C= C Alkanes, Alcohol/Phenols, Amine, Aromat-

ics, Amine 

1645.60 C= C, N-H Alkenes, Amide 

1718.69 C= O Aldehydes, Ketone, Esters, Acids 

2848.29-2958.69 -C-H, O= C-H, O-H Alkanes, Aldehydes, Acids 

3380.02 O-H, N-H Alcohol/Phenol, Amine, Amide 

 

capacity. Enzymes found in fresh methanolic leaf 

extracts and extracts from shade water can also 

support antioxidant activity. Peroxidases and pol-

yphenol oxidase are two examples of enzymes that 

are involved in the production and metabolism of 

phenolic compounds, which are important 

sources of antioxidant activity. Sun-dried meth-

anolic and aqueous extracts have less antioxidant 

capacity as a result of these enzymes being dena-

tured or rendered inactive during the drying pro-

cess as in a previous study (Liyanage et al. 2017, 

101). The temperature of sun-dried n-hexane ex-

tract may not be too high to break down phenolic 

and flavonoid compounds, or it may contain ex-

tracted lipophilic bioactive chemicals that could 

lead to a high potential for antioxidants. Studies 

highlight how crucial enzymatic activity is to pre-

serving the antioxidant potential of fresh plant ex-

tracts. According to the results of this study, for 

fresh samples as well as sun-dried samples the 

TAA of samples extracted using methanol is 

higher than the one using distilled water which is 

following previous study (Ali et al. 2021). While in 

shade-dried samples TAA is higher for the dis-

tilled water extracted sample than the methanol 

extracted sample, which might be an effect of the 

dryness conditions applied. The drying process 

exposes sensitive substances to heat and air, which 

can cause oxidative deterioration, especially when 

it is carried out in the shade. The TAA of shade-

dried extracts may be decreased by this degrada-

tion due to the long duration of drying following 

a previous study (Saifullah et al. 2019). It has been 

proved that all the extracts have the capability of 

quenching free radicals and converting them to a 

more stable state. 

Plant extracts FT-IR spectra may alter as a result of 

drying for several reasons, including the loss of 

volatile chemicals. This may have an impact on the 

peak intensities linked to those particular chemi-

cals. Some functional groups can undergo oxida-

tion, which can create new peaks or change the in-

tensity of already existing ones. In a similar way 

peak intensity and resolution may be affected by 

changes to the sample's physical structure brought 

about by grinding and drying. It has been revealed 

that the type of plant, the drying process, and the 

storage environment all affect the degree of spec-

tral variances. According to some studies, it may 

be better to use fresh samples to get a more accu-

rate representation of the chemical makeup (Ray 

et al. 2022). The number of peaks and number of 

functional groups found in shade-dried and sun-

dried samples are more in samples extracted using 

n-hexane followed by methanol and least are in 

water. The differences in the number of peaks in 

fresh, sun-dried, and shade-dried leaves might be 

due to different temperatures and drying condi-

tions applied as indicated in a previous study 

(Iwansyah et al. 2020, 8586). While fresh leaves 

sample the peak numbers and functional groups 

are more in water followed by methanol and least 

are in n-hexane extracts which might be due to po-

larity differences among these solvents. Different 
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types of compounds were characterized in the leaf 

extracts such as Alkanes, Alkenes, Alcohols/ Phe-

nols, Esters, Ether, Acids, Aldehydes, Amines, 

Amides etc. Most of the extracts contain hydroxyl 

groups which depict the antioxidant activity of 

these extracts thus supporting previous studies 

(Bhardwaj et al. 2016).  

 

5. Conclusion 

Based on the results received for this study, it can 

be assumed that fresh methanolic curry leaves and 

shade-dried leaves extracted by using distilled 

water have high antioxidant activity; the reason 

for this can be the high TPC and TFC found in 

these. As both methanol and distilled water are 

polar solvents, these can extract most of the bioac-

tive compounds present in curry leaves.  Thus, 

these can be used as natural sources of phenolics, 

flavonoids, and antioxidants for treating different 

diseases. FT-IR data also supports phytochemical 

content and antioxidant activity in M. koenigii 

leaves. 
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