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 Background: Currently bioactive principles of plants and their nano-products have 

been extensively studied for medicinal use. Current study discusses the phenolic 

compound extracted from N.Lappaceum Leaves four solvents in methanol, ethanol, 
isopropanol and acetone. Method: UV/Vis spectrophotometer and FTIR spectroscopy 

technique is used to identify the extracted phenolic compound from N.Lappaceum 

Leaves. The finger print region was recorded (500-4000 cm-1) for each extract and 
functional groups were matched with Gallic Acid (GA) standard. Objective: To 

investigate the extracted phenolic compound from N.Lappaceum Leaves and compare 

with pure GA by UV/Vis spectrophotometer and characterization by FTIR spectroscopy 
and TGA method. Results: The highest yield of GA was recorded in ethanol at 270 nm 

rich in polar molecules than other solvents. The moisture content (%) in N.Lappaceum 

Leaves 51.24 was recorded. The GA was determined by FTIR from E1. 865.94, 
1234.74, 1386.12, 1541.25, 1714.22, 2669.36, 3043.51, 3281.96, and 3495.9778cm-1 

followed in M1, IP1 and AC1. Thermo gravimetric analysis (TGA) showed 96.6% 

weight loss of N.Lappaceum Leaves at 700OC which indicates the complete 
combustion. Conclusion: FTIR is a useful method to investigate the phenolic 

compound from N.Lappaceum Leaves and composition of different solvent extract. GA 

has therapeutic application in hypertension and inflammatory diseases. Because of its 
pharmacological application isolation of active compound GA is essential for the 

treatment of Type 2 diabetes. 
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INTRODUCTION 

 

 The modern age is being attentive on selection 

of medicinal plants or seeds for their 

phytoconstituents. Carotenoid and flavonoid were 

considered to have a useful effect on human health 

and proven to be possible agents that can be used as 

drugs and various pharmaceutical products. Several 

naturally occurring phytoconstituents such as 

polyphenolic and GA from plants have been 

analyzed. This compound was used as alternative 

therapeutic agent, which generate free radicals to 

cure diseases caused by oxidative stress (Goswami, 

et al., 2014). Natural products mostly plants have 

been previously used in human history for various 

purposes (Sahdeo, et al., 2011). 

 The traditional plants showed numerous positive 

effects on health care in contrast to synthetic drugs. 

The identification of phytochemical characteristics 

from plant species is important for health care. FTIR 

is an important analytical tool for characterization 

which helps in identification the series of constituent 

and interpret the structural compounds present in the 

sample. FTIR offers a rapid nondestructive 

investigation convenient and nondestructively 

determines the relative concentrations of GA in 

N.Lappaceum Leaves extract. For determine of 

thermal degradation of biomass and its components 

like carbonates and element present in the sample 

Thermo gravimetric analysis (TGA) was used 

(Fernandes, et al., 2013). 

 N.Lappaceum belongs to the family of 

Sapindaceae, is a tropical fruit broadly originate in 

South-East Asia, particularly in the eastern and 

southern areas of Thailand and Malaysia. The 

estimated annual harvest amount of N.Lappaceum is 

half a million tons. This fruit is abundantly 

preserved, consumed or processed after consumption 

this fruit seeds and peels generate solid waste 
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(Thitilertdecha, et al., 2010). N.Lappaceum is one of 

the most important medicinal plants commonly  

 N.Lappaceum known from pre-historic time due 

to its nutritional, environmental and commercial 

significance. The ethanolic N.Lappaceum rind extract 

is one of the major bioactive Geraniin and 

ellagitannin compounds to act as an anti-

hyperglycemic, anti-hyperglycemic and high 

antioxidant activity (Palanisamy, et al., 2011). GA 

can be found in a range of foods, blueberries, herbs, 

apples, walnuts, tea and flax seed. GA is effective 

beside neuronal death, cure cellular mutations and 

used in management of prostate, colon and lung 

cancer. GA supports those distress from cancer to 

fight against the disease and cure the destruction of 

healthy cells. GA also serve as anti-inflammatory, 

anti-fungal, anti-viral and anti-oxidative properties 

(Kror, et al., 2002). GA has therapeutic applications 

for inflammatory diseases like allergic rhinitis, 

asthma and sinusitis due to inhibiting capability 

histamine release and the expression of pro-

inflammatory cytokine (Van den Berg, et al., 1992). 

GA services in contraction of tissue and support in 

the treatment of prolonged menstrual periods. It is 

beneficial in the cure of pulmonary, uterine and 

nephritic hemorrhages (R. Vijayalakshmi, et al., 

2012a).  

 

MATERIALS AND METHODS 

 

Plant material: 

 N.Lappaceum Leaves were collected from 

Bander Universiti, Seri-Iskandar Malaysia, washed 

with warm water and dried overnight in drying oven 

at 50
o
C. After complete drying, Leaves were 

grounded to 150 micron particle size by granulator 

model No.SG-21P Shahni plastic technology. 

 

Sample preparation: 

 The grinded Leaves sample was subjected to 

extract phenolic compound with 50% different 

solvents methanol, ethanol, acetone and isopropanol 

10:1 solid to liquid ratio. The extraction process was 

carried by water thermo shaking bath (Innova 3100 

Brunswick Scientific) for 6 hours at 45
o
C. This 

extract was filtered using a Whatman No. 1 filter 

paper.  

 

Moisture content: 

 N.Lappaceum Leaves 5 grams were taken and 

subjected in drying oven at 80
o
C for 30 min until all 

moisture content is removed. According to 

(Masseteau, et al., 2014), percentage of moisture 

content was measured by the Equation. 1  

Mn = ((Ww-Wd)/Ww) x 100 (1) 

 Where, Mn represent the Moisture content (%) 

of sample, Ww is the Wet weight of the sample and 

Wd is the final weight. 

 

UV/Vis spectra and calculation of extraction factors: 

 The UV/Vis spectra was noted (200-400nm) 

(Calabrese, et al., 2015) for separately extract 

(ethanol, methanol, acetone and Isopropanol) by 

shimadzu 3150 Spectrophotometer. The highest 

wavelengths and optimal density (OD) values were 

noted for individually extract and standard GA 

(Bernardes, et al., 2014). The extracted compound 

with various solvents was calculated using extraction 

factor (EF). Considering the absorption values 

(Aλmax) observed for each λmax and multiplied 

with the dilution factor (d) (Vidal, et al., 2014). 

Using the formula EF = A (λmax) x d (Simona, et 

al., 2011), the results were specified as mean values 

of each extracted N.Lappaceum Leaves sample. 

 

FTIR measurements: 

 The Fourier Transform Infrared spectrum 

(FTIR) for each extract was recorded in IR region 

from (500 to 4000cm
-1

) due to considerable data 

enclosed in this area. Each spectrum using the 

Horizontal Attenuated Total Reflection (HATR) 

device by 20 scans using Perkin Elmer FTIR 

spectrometer. Recorded infrared spectra were further 

analyzed with Origin Prov 8.5.1 SR2 build 315. The 

raw data were smoothed according to the Savitzky–

Golay-algorithms by 21 points for smoothing for 

extra comprehensive study. Total phenolics were 

determined by FTIR method, either using the 

calibration curve with pure GA (5 to 10 mg/ml 

ethanol) (Ulrichs, et al., 2015). 

 

Characterization by Thermo gravimetric analysis 

(TGA): 

 Thermo gravimetric analysis (TGA) is an 

analytical technique used to determine a material’s 

thermal stability and its fraction (Slopiecka, et al., 

2012). TGA method was used to determine the 

weight loss percentage, fixed carbon and moisture 

content using 3 mg of sample. For analysis sample 

was heated gradually from ambient temperature at a 

scanning rate of 5
o
C / 5 min to 900°C. Different 

components present in the sample were decomposed 

at different temperatures in result percent of weight 

loss was recorded.  

 

RESULT AND DISCUSSIONS 

 

Moisture content: 

 The moisture content from N.Lappaceum Leaves 

was determined by taking 5 grams of sample at 80
o
C 

for 30 minutes. In Table 1 moisture content is 

mentioned from N.Lappaceum Leaves was 51.24%. 

 

UV/Vis spectra: 

 The relative UV/Vis spectra of the ethanol, 

methanol, acetone and Isopropanol were noted, as 

well 50% ethanol being counted a “reference” 

solvent to extract phenol from the plant source. The 

differences between extract, type of solvent and 

concentrations of bioactive molecules extracted, with 
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Extraction factor (EF) mean values at 270-290 nm 

for phenolics for each extract are shown in Figure 1. 

 Difference in extraction yield on the basis of 

polarity of four solvents used are shown in Figure 1 

(a to e). The absorption spectrum for standard GA 

was also noted were shown in Figure 1 (a). The 

higher absorption spectrum was stated in ethanolic 

crude extract shown in Figure 1 (b) compare to other 

extract. The EF values for ethanol extract were 

higher to acetone, methanol and Isopropanol 

especially for phenolic acids comparing to phenolic 

compound GA. Conversely, the ethanolic extract 

showed higher absorptions between 270 and 275 nm, 

is known to higher concentrations of phenolic 

compound. For therapeutic use it has been counted 

that ethanol extract is rich in GA or bioactive 

molecules.

 

 
(a) UV/Vis of standard Gallic Acid. (b) UV/Vis extracted ethanol sample. 

  
  (c) UV/Vis extracted methanol sample. (d) UV/Vis extracted acetone sample. 

 
(e) UV/Vis extracted isopropanol sample. 

 

Fig. 1: Comparative UV/Vis spectrum of different type of N.Lappaceum Leaves extracts. 

 
Table 1: Absorption peak areas of different regions of FTIR spectra recorded for the entire four extract of N.Lappaceum Leaves. 

Gallic acid Ethanol (E1) Methanol (M1) 

Peak intensity Functional group Peak intensity Functional group Peak intensity Functional group 

865.94 Phenol (GA) 1022.79 Phenol (GA) 750.13 Benzene 

1022.27 Phenol (GA) 1234.69 Phenol (GA) 1057.97 Aliphatic amine 

1234.74 Phenol (GA) 1353.59 Unknown 1298.23 Aromatic ether 
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1386.12 Phenol (GA) 1714.72 Phenol (GA) 1353.09 Unknown 

1483.85 Unknown 1492.95 Unknown 1714.84 Phenol (GA) 

1541.25 Phenol (GA) 3062.67 Phenol 1492.98 Unknown 

1714.22 Phenol (GA) 3043.67 Phenol (GA) 3007.23 Unknown 

1829.23 Unknown 3314.42 Amine 3215.53 Phenol (GA) 

2928.80 alkane 3365.78 Amine   

3043.51 Phenol (GA)     

3281.96 Phenol (GA)     

3495.97 Unknown     

IP(1)  Ac(1) 

Peak intensity Functional group  Peak intensity Functional group 

1051.15 Aliphatic amine 1153.63 alkane 

1234.69 Phenol (GA) 1218.80 Phenol (GA) 

1353.54 Unknown 1298.30 ether 

1418.56 Phenol (GA) 1355.38 Unknown 

1490.21 Phenol (GA) 1417.78 Aromatics 

2987.08 Alkanes 2925.10 Alkyl 

3007.02 Phenol 3006.98 Phenol 

3301.84 Amine 3215.41 Phenol (GA) 

 

  
(a) FTIR of Gallic Acid. (b) Extracted ethanol sample Leaves. 

  
(c) Extracted methanol sample. (d) Extracted acetone sample. 

 
(e) Extracted isopropanol sample. 

 

Fig. 2: Comparative FTIR spectrum of different type of N.Lappaceum Leaves extracts. 
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FTIR measurement: 

 The FTIR spectrum was used in the region of 

infrared radiation for identification of functional 

groups of active components based on peak value. 

The FTIR spectrum between (500-4000 cm
-1

) of 

diverse N.Lappaceum Leaves extract was recorded 

and definite wave numbers and intensities were 

recorded. The effective peaks were compared with 

standard and FTIR spectrums of four recorded 

extracts are shown in Figure 2 and Table1. The FTIR 

spectrum of 

 Standard GA with 9 major peaks were detected 

in the range of 865.94, 1234.74, 1386.12, 1541.25, 

1714.22, 2669.36, 3043.51, 3281.96, and 

3495.9778cm
-1 

are shown in Figure 2 (a). However 

the FTIR spectrum of ethanol Leaves extract contain 

most of the phenolic phytoconstituents were noted 

with the same number of peaks between 1022.79, 

1234.69, 1353.59, 1714.22, 3062.67 cm
-1

 

respectively shown in Figure 2 (b). The ethanolic 

Leaves extract mostly contain phenolics such as 

ether, aliphatic amine, carboxylic acid, alkanes, alkyl 

(R. Vijayalakshmi, et al., 2012b). These findings 

evidently showed that higher quantity of GA is 

extracted in ethanol in comparison to other solvents. 

The methanol Leaves extract confirms the existence 

of aliphatic amine, aromatic ether, benzene, alkanes, 

and carboxylic acid and phenolic compounds are 

shown in Figure 2(c). The acetone Leaves extract 

confirms the presence of alkane, ether, Aromatics, 

Alkyl, and Phenol (GA) is shown in Figure 2 (d). 

The Isopropanol Leaves extract confirms the 

presence of aliphatic amine, Phenol (GA), Alkanes 

and Amine shown in Figure 2 (e).  

 The functional groups were identified by FTIR 

peaks recognized through bending and stretching 

vibrations. In the range (3400-3500 cm
-1

) different 

OH functional groups such as phenols or carboxyl 

were detected and (3200-2800 cm
-1

) regions at 

2928.80 cm
-1

 C-H stretching showed alkenes were 

present. The peaks at 1714.72 cm
-1

 and 1234.69 cm
-1

 

specified the existence of carboxylic groups (Muthu, 

et al., 2013), 1714.22 cm
-1

 shows C=O carbonyl 

stretching and 1022.27, 1234.74, 1483.85 indicates 

+H smooth scissoring and bending in each 

sample(Brand, et al., 2015). Lower range of (1500-

1000 cm
-1

) show aromatics, alkanes, amines, 

alcohols and carboxyl acids are present. The peaks at 

1714.72 cm
-1

 indicated the existence of carboxylic 

groups. Phenols has been noticed at peak area at 

1022.27 cm
-1

, 1714.22 cm
-1

 and 1234.44 cm
-1

 in all 

four specimen (R. Vijayalakshmi, et al., 2012a). 

 

Thermo Gravimetric Analysis (TGA): 

  
(a)                                                                  (b) 

 

Fig. 3: TGA-DTG curves for the thermal degradation of N.Lappaceum Leaves shows effect on weight loss (a)  

before sample extraction and (b) after sample extraction. 

 

 Figure 3 (a) depicts TG and DTG (Perkin Elmer) 

curve for N.Lappaceum Leaves before sample 

extraction. Three temperature zones from 29–

127.87
o
C were observed and 10.8% weight loss 

indicates that moisture is removed, from 127.87–

220.85
o
C signify the melting zone of cellulosic 
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degradation on further heating 220.85–407.7
o
C 

volatile matter is evolved with 12.5% weight loss 

observed. Fixed carbon is removed with 60% weight 

loss is recorded. Hemicellulose is denatured at 

407.74–525
o
C and 71% weight loss. At temperature 

525–640.48
o
C shows mass degradation is complete 

with 74.7% weight loss is recorded along ash content 

(Zainuddin, et al., 2014). 

 Figure 3 (b) depicts slow degradation rate after 

sample extraction and significant change in curve is 

observed. The following curves are due to 

disintegration reactions and pointing out the 

existence of main biomass cellulose is present before 

solvent extraction. The decomposition of Green 

sample appears to start at 229
o
C and ends at 630

o
C. 

The shape of curve depends on several factors like 

source of biomass, particle size, heating rate and 

pyrolysis atmosphere. From 29–140.51
o
C with 

10.5% weight loss shows the moisture is removed, 

140.51–235.32
o
C TG-IR signal shows the cellulosic 

degradation is occurred and volatile matter is 

removed with 14.3% weight loss. Fixed carbon is 

removed at 235.32–391.69 with 51.3% weight loss 

Diagram between 391.96–596.62
o
C shows 

hemicellulose is denatured with 82.9% weight loss 

(Siti Alwani, et al., 2014; Zhanga, et al., 2012). Last 

one is 596.62–648.32
o
C where 96.4% weight loss is 

recorded along with ash content combustion is 

completed (Siti Alwani, et al., 2014; Zhanga, et al., 

2012). GA analysis of N.Lappaceum Leaves before 

and after sample extraction are mentioned in Table 2. 

 
Table 2: TGA analysis of N.Lappaceum Leaves before and after sample extraction. 

Before N.Lappaceum Leaves extraction 

Temperature (oC) Weight loss (%) Thermal changes 

29-127.87 10.80 Moisture removal. 

127.87-220.85 12.50 Hemicellulose degradation 

220.85-407.74 60.00 Cellulosic degradation. 

407.74-525.13 71.00 Evaluation of volatile matter and fixed carbon. 

525.13-640.48 74.70 Ash content. 

After N.Lappaceum Leaves extraction 

Temperature (oC) Weight loss (%) Thermal changes 

29-140.51 10.50 Moisture removal. 

140.51-235.32 14.30 Hemicellulose degradation 

235.32-391.96 51.30 Cellulosic degradation. 

391.96-596.62 82.90 Evaluation of volatile matter and fixed carbon. 

596.62-648.32 96.40 Ash content. 

 

Discussions: 

 Many researchers adopted FTIR as a tool for 

discriminating, classifying, distinguishing and 

closely associated compounds present in the plant 

matrix. Similar work has been reported (R 

Vijayalakshmi, et al., (2012) in IR spectra from the 

mid-infrared region (500-4000 cm
-1

) for aqueous 

ethanol extract of Diospyrus ferrea (willd.) Bakh. 

Root. Noticeably the presence of wavelength 

numbers of FTIR spectra of GA 1022.27, 1234.44, 

1448.54, 1622.13, 1714.22, 2665.62, 3043.67cm
-1

 

were also observed in all Diospyrus ferrea (R 

Vijayalakshmi, et al., (2012). 

 Using FTIR spectrum of various samples was 

accurately and effectively observed in the extracts 

and identified the medicinal materials (Raja Kannan, 

et al., 2011). So, FTIR spectrum replicating 

accurately the prospect of chemical components in 

complex system. It is a most reliable method to 

identify and validate the mix-substance systems such 

as herbal medicine and traditional medicine 

(Raaman, 2006; Yadav, et al., 2008). Consequently, 

N.Lappaceum Leaves showed novel phytochemical 

indicator as useful analytical tool to check not only 

the quality of the extract but also identify the 

medicinally importance of the plant.  

 

Conclusion: 

 The data presented in this study showed that 

UV/Vis spectrometry and FTIR spectroscopy are 

reliable methods to characterize and evaluate the 

extracted phenolic compound from plants as natural 

source with anti-inflammatory and anti-oxidant 

prospective. UV/Vis spectrometry data shown that, 

differences in four solvents polarity, the higher yields 

were superior in ethanol extract. The highest yield of 

GA was recorded in ethanol at (270 nm) rich in polar 

molecules than other solvents. The moisture content 

(%) in N.Lappaceum Leaves 51.24 was recorded. 

The phenolic compound (GA) was determined by 

FTIR from E1 1022.79, 1234.69, 1353.59, 1714.22, 

3062.67 cm
-1

 followed in M1, IP1 and AC1. TGA 

showed 96.6% weight loss of N.Lappaceum Leaves 

at 700
O
C which indicates the complete combustion. 

FTIR is a suitable method to investigate the phenolic 

compound GA from N.Lappaceum Leaves and 

composition of different solvent extract is important 

in therapeutic application against disease. Due to its 

pharmacological applications isolation of active 

compound GA is essential for the treatment of Type 

2 diabetes. Further study is required for the structural 

elucidation and isolation of specific phenol 

compound. 
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