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1. INTRODUCTION 

Stingless bees generated apiculture products including honey, beebread (beehive pollen) and 

propolis. These products are well known for their nutritional and therapeutic properties. 

Among all, propolis stands out in term of biological activities. Propolis is referred to resinous 

material consists of 50% resins (composed of flavonoids and various phenolic acids), 30% 

wax, 10% essential oils, 5% pollen and 5% various organic compounds [1] collected by 

stingless bees from leaf buds or plant nectar. Stingless bees produced propolis and use it for 

their construction material in order to seal the crack or the hole of the beehive, as well as for 

beehives protection from adverse weather conditions and hive infections [2]. Propolis has 

been used in traditional and folk medicine for centuries [3]. It has been reported to have many 

biological activities such as antioxidant [4], antibacterial, antifungal and antiviral [5], 

anti-inflammatory and wound healing [6] as well as antitumor upon human breast cancer [7]. 

As propolis is a potential therapeutic and health-promoting agent, the potential of 

commercialization exploitation is huge. Despite this, the processing method including method 

of extraction of raw material for getting the most benefit is found to be challenging.  

Since propolis is a mixture of resin and wax, it is sometime hard and brittle that makes it 

difficult to handle and store in small container. In traditional practice, propolis was processed 

by heating in high temperature until propolis turn into soft and pliable material and be able to 

put in small containers and kept in -20°C until further process. We hypothesized by heating 

the propolis in high temperature; some of the metabolites will be degraded or vanished all 

together. This process will diminished some of the important biological property as a result of 

metabolite degradation. In this work, we investigate the effect of processing method on the 

propolis from stingless bee species Heterotrigona itama. We also compared the type of 

extraction method in order to get the best quality of propolis extract. The quality of propolis 

was assessed through metabolite profiling namely FTIR and HPTLC coupled with 

chemometric analysis, antioxidant activity and total phenolic content. 

 

2. EXPERIMENTAL  

2.1. Chemical and Reagents 
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Methanol, ethyl acetate, acetic acid, toluene and dimethyl sulfoxide (DMSO) were purchased 

from Merck Sdn. Bhd. (Selangor, Malaysia); 2, 2- diphenyl-picryl-hidrazyl (DPPH), quercetin 

was acquired from Sigma-Aldrich (M) Sdn. Bhd. (Kuala Lumpur, Malaysia); Trolox® was 

purchased from Calbiochem®; TLC silica gel 60 F254 glass plates was purchased from 

Merck Millipore (Darmstadt, Germany). 

2.2. Sample Preparation and Extraction 

In this work, processed and unprocessed propolis raw materials from Heterotrigona itama’s 

stingless bee species were analyzed. Both processed and unprocessed were obtained from the 

local beekeeper. For processed sample, raw propolis was heated in high temperature for a 

period of time. Meanwhile, no treatment was applied to unprocessed sample as it was 

collected freshly from the hives. Both materials were extracted with ethanol by three methods 

of extraction: maceration, sonication and maceration-sonication. For maceration, both 

materials were macerated with ethanol for 3 days while for sonication, samples were 

sonicated at 37°C for 1 hour. As for maceration-sonication method, samples were macerated 

for 3 days and sonicated for 1 hour at 37°C, consecutively. All extracts were then filtered, and 

were reduced under vacuum pressure at 45°C. The crude extracts were stored in vials and kept 

in 4°C prior analysis. In this work, the propolis samples were labelled as P-M 

(Processed-Maceration), UP-M (UnProcessed-Maceration), P-S (Processed-Sonication), UP-S 

(UnProcessed-Sonication), P-MS (Processed-Maceration-Sonication) and UP-MS 

(UnProcessed-Maceration-Sonication). 

2.3. Fourier Transform Infrared Spectroscopy (FTIR) Analysis 

The FTIR spectra were obtained and recorded using IRPrestige-21 Shimadzu Fourier 

Transform Infrared Spectrophotometer (Tokyo, Japan) equipped with air-cooled ceramic 

infrared light source and DLATGS (Deuterated Triglycine Sulfate doped with L-Alanine) 

detector. The IR measurements were made at a resolution of 4 cm-1, and 16 inferograms were 

co-added before the Fourier transformation. The background spectra were recorded prior to 

analysis of the samples. The single-reflection Attenuated Total Reflectance (ATR) scan 

technique was used directly for all propolis samples. The sticky extracts of processed and 

unprocessed propolis samples were placed direct on the diamond prism for data acquisition. 
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The data were recorded at the middle-IR range of 4000-400 cm-1.  

2.4. High Performance Thin Layer Chromatography (HPTLC) Analysis 

High Performance Thin Layer Chromatography analysis were carried out using HPTLC 

system equipped with CAMAG Automatic TLC Sampler 4 (ATS4, Muttenz, Switzerland) for 

sample application (which equipped with 25 µL syringe), CAMAG TLC Scanner 4, Muttenz, 

Switzerland) for densitometry and spectra detection, CAMAG TLC Visualiser (DXA252 

Digital Camera) for visualization and winCATS 1.4.9 software for data handling and 

processing. Development of plate was done manually using CAMAG® Twin Trough Chamber 

for 20 x 10 cm plates with stainless steel lid. All ethanolic propolis extract samples were 

weighed up for 30 mg and dissolved in 1 mL of methanol to get final concentration of 30 

mg/mL. All samples prepared were sonicated for 30 minutes and centrifuged. The supernatant 

were spotted on TLC plates. The HPTLC analysis in this work was carried out on TLC 

precoated with silica gel 60 F254 glass plates, 20 cm x 10 cm, (layer thickness of 0.2 mm) 

(Merck, Germany). Eight microliters of each propolis sample was streaked in the form of 

narrow bands with a length of 8.0 mm from the bottom edge, 10.0 mm for band length, 60.0 

mm from the margin, and 16.0 mm of distance between tracks. They were spotted at a 

constant rate of 100 nl/s using nitrogen aspirator. The mobile phase used for plate 

development was toluene: ethyl acetate: acetic acid: methanol (8:2:0.1:0.2 v/v/v/v). The 

development of TLC plate was carried out manually in the twin trough chamber with 

saturation duration of 30 minutes prior the development and 85.0 mm of migration distances. 

The plate was visualized at 254 nm and 366 nm in order to observe all compounds that can be 

seen under both wavelengths. Then, the densitometric analysis of all separated compounds 

also was carried out at 254 and 366 nm by CAMAG TLC Scanner 4. All assigned compounds 

in respective Rf values in all samples for both wavelengths were scanned using tungsten and 

deuterium lamps at a constant scanning speed of 20 mm/s with micro slit dimension of 10.0 

mm x 0.2 mm, Macro. The scanning of all assigned compounds for both wavelengths was 

done on purpose for HPTLC-chemometric data extraction.  

2.5. Chemometric Analysis 

2.5.1. Pre-Processing Data 
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For FTIR datasets (1795 x 6 datasets), each measurement was baseline corrected in order to 

minimize the differences between spectra due to baseline shifts and normalized using 

Shimadzu IRsolution Version 1.40 (Shimadzu Corporation) software. The end region of 

spectra (399-539 cm-1) was cut-off due to the instrumental noise. However, no pre-processing 

was done on HPTLC datasets (18 x 6 datasets for 254 nm; 14 x 6 datasets for 366 nm) as this 

analysis was carried out on TLC silica gel plate which the baseline noise was not critical in 

the observation. All propolis samples were standardized into the same concentration prior the 

analysis (30 mg/mL) in order to ensure the concentration factor would not affect the 

clustering in chemometrics analysis. For FTIR numerical datasets, the file of .txt format was 

imported from Shimadzu IRsolution software and transferred into Microsoft Excel (rows: 

samples, columns: absorbance values for each wavelength). Meanwhile, the datasets of 

retention factor (Rf) values and peak areas of all assigned compounds in all samples were 

extracted manually into Microsoft Excel 2007. All datasets were subjected to chemometrics 

analysis (PCA and HCA) which conducted with multivariate statistical analysis software, 

XLSTAT Pro 2014 (Addinsoft, Paris, France), an add-in software program for Microsoft 

Excel 2007. 

2.5.2. Principal Component Analysis (PCA) 

Principal Component Analysis is a technique that allows the identification of a group between 

variables, which reduce the dimensionality of data sets [20]. PCA also provides information 

on the most important parameters that explain the entire data sets by excluding the less 

significant parameters [21]. However, the PCs generated by PCA are sometimes not readily 

interpreted; thus it is advisable to rotate the PCs by varimax rotation to obtain new groups of 

variables called varimax factors (VFs) [22]. With the aim in obtaining the new groups of 

variables (varimax factors), varimax rotation was applied on the PCs with eigenvalues more 

than 1 are considered significant [23]. For loading plot, the higher the factor loading of that 

variable, the more the variable contributes to the variation accounted for the particular PC 

[24]. The combination of scores plot and loading plots were given out biplot scores.  

2.5.3. Hierarchical Cluster Analysis (HCA) 

Cluster analysis (CA) was defined as natural association of unlabeled data, which data 
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samples were classified into clusters or classes in term of samples similarity within the classes 

and samples dissimilarity between classes defined by the entered variables without making 

earlier assumptions regarding the potential structure of the datasets [25-26]. There are two 

common approached that can be applied in cluster analysis, which hierarchical methods and 

non-hierarchical (k-mean clustering) methods [27]. While, hierarchical methods were divided 

into two sub methods which are agglomerative and divisive methods. Agglomerative method 

is many-to-one clustering concept, in which the samples that most similar to each other were 

start to combine together within the groups and repeatedly done until all samples under in one 

cluster. Meanwhile, divisive method applied reversely, one-to-many clustering concept in 

which all the samples start in same cluster and the samples that having dissimilarities 

separated apart into their own clusters. There are several different clustering methods and 

distance measures applied to link between clusters/objects in HCA which clustering method 

such as complete linkage (maximum distance), single linkage (minimum distance), average 

linkage (average distance), median linkage and Ward’s method and distance measures such as 

Euclidean, Squared Euclidean, correlated, uncorrelated and etc. However, the most commonly 

used HCA method were Ward’s method and Euclidean distance measures for dissimilarity [21, 

26]. According to [26], horizontal lines in HCA dendograms was referred to the linkage 

between two objects/ clusters and vertical axis indicating to the height as a distance measure. 

The vertical line might represent to similarity or dissimilarity measures used in the analysis. 

In this work, hierarchical-agglomerative method was applied using Ward’s method and 

Euclidean distance measures. The automatic truncation was checked prior analysis in order to 

let the hierarchical tree being cutting off for significant cluster, which formed in dotted line 

perpendicular to the hierarchical tree. The higher relative distances between the samples in the 

dendrogram tree indicate the dissimilarities between the samples increased. 

2.6. Antioxidant Activity 

2.6.1. Qualitative HPTLC-DPPH Method 

DPPH reagent was used for post-chromatogram derivatization in order to observe the 

particular compounds that have antioxidant properties. The developed TLC plates as 

described in 2.4 were sprayed with 0.04% of methanolic DPPH solution according to method 
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described in [28] with slightly modification. The TLC plates were incubated in the dark for 30 

minutes and were then visualized under white light using CAMAG TLC Visualizer (DXA252 

digital camera). The lower white light was used in order to thoroughly observe the antioxidant 

properties of all the bands of compounds. 

2.6.2. Quantitative DPPH Method 

The antioxidant activity, 2, 2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay 

was performed according to [29] with slightly modification. Five milligram of the stock 

solutions of samples extracts and standards (controls) were prepared in 1 mL of DMSO. All 

samples and standards were made serial dilutions in 96-well micro litre plate from the stock 

solutions to get final concentration of 500, 250, 125, 62.5, 31.25, 15.625 and 7.8125 µg/ mL 

in each respectively wells. Quercetin and Trolox standards were used as positive controls.  

The samples and standards then were mixed with 0.125 mM DPPH in methanol to produce a 

final DPPH concentration of 0.1 mM in final volume of 250 µL each well. The mixture of 

samples and DPPH solutions was allowed to incubate in the dark for 30 minutes at room 

temperature. The reaction was measured by absorbance at 517 nm. The percentage of 

inhibition was calculated using the following formula. 

Percentage of inhibition = [1-(A517nm, sample / A517nm, control) x 100] 

2.6.3. Total Phenolic Content (TPC) Method 

The total phenolic contents were estimated by using Folin-Ciocalteau method in micro liter 

plate as described in [30] with some modification. The total phenolic contents in the extracts 

were expressed as Gallic Acid equivalents (GAE) which mg of gallic acid per g of samples 

extracts. The standard stock solution of gallic acid (1 mg/ mL) were prepared and were made 

serial dilutions to produce the final concentration of 200, 160, 120, 80 and 40 µg/ mL in micro 

tubes. For samples extracts, 60 µL of stock solution of each samples extracts (5 mg/ mL) were 

added to get 1 mg/ mL of final concentration of samples extracts. The Gallic acid and samples 

extracts solutions were then make up to 100 µL with methanol. Two hundred microliters of 

Folin-Ciocalteau (F-C) reagent were pipetted into all micro tubes and were vortexed 

thoroughly to complete the final volume of 300 µL each micro tubes. For the last step of the 

reaction, 800 µL of 7.5 % sodium carbonate (Na2CO3) were added into each micro tubes in 
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order to complete the reaction and turn the solution in to blue colour (Note: sodium carbonate 

is excluded in final volume of micro tube). All micro tubes were then incubated at room 

temperature for 2 hours. This two hours incubation at room temperature are the critical step 

which allows homogenous colour development as well as giving low standard error of mean 

(s.e.m) between samples replicates. Two hundred microliters of Gallic acid standards and 

sample extracts were transferred into 96-well micro plate from assay tubes and the absorbance 

of each well was measured at 765 nm. The total phenolic content of samples extracts were 

calculated using linear regression equation obtained from Gallic Acid Equivalent (GAE) 

calibration curve and following formula: 

C = cV/m 

where C: total phenolic content (mg of GAE / g of samples extract), c: the concentration of 

Gallic acid (mg/mL) established from calibration curve, V: final volume of sample extract and 

m: the weight of samples extract. 

 

3. RESULTS AND DISCUSSION  

3.1. Metabolite Fingerprinting by FTIR and HPTLC Coupled with Chemometric 

Analysis  

Metabolite fingerprinting is a rapid classification of sample with complex nature such as 

propolis. This analysis does not require of the identification of individual compounds, but to 

compare pattern or ‘fingerprints’ of metabolites that change in given treatment. In this study, 

quality of processed and unprocessed propolis samples in three extraction methods were 

evaluated from metabolite fingerprinting by FTIR and HPTLC coupled with chemometric 

analysis (PCA and HCA). Fig. 1 shows FTIR fingerprints (Fig. 1a) and chemometric analysis 

for all six samples (PCA-Fig.1b and HCA-Fig. 1c). In general, FTIR fingerprints of all six 

samples were observed to have similar fingerprints pattern but different in peak intensities. 

All six samples were observed to differentiate by peak intensity into respected extraction 

method. While in term of extraction method, processed and unprocessed samples were 

differed by peak intensity and absorbance values. PCA scores plot in Fig. 1(b) revealed that 

all six samples were clustered apart from each other indicates the significant different between 
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clusters. Factor scores showed that P-M, UP-S and P-MS were classified into PC1 while 

UP-M, P-S and UP-MS were classified into PC2 (data not shown). From that data, only UP-S 

(PC1) and P-S (PC2) were having strong score (positive value more than 1). The factor 

loadings that given out the variables, which give strong correlation with the factor in PC1 

were 1506 cm-1, 1522-1524 cm-1, 1533 cm-1, 1537-1545 cm-1 and 1555-1560 cm-1. While the 

variables that give strong correlation with the factor in PC2 were 540-542 cm-1, 548-760 cm-1, 

878-885 cm-1, 984-1099 cm-1, 1155-1163 cm-1, 1229-1292 cm-1, 1366-1387 cm-1, 1439-1468 

cm-1 and 2849-2974 cm-1.  

The assignments of vibrational functional group of peaks in loading variables that responsible 

to the factor were attributed to N-H bending in amides group of compounds. Meanwhile, for 

PC2: 540-542 cm-1 were assigned for C-C bending vibration, 548-760 cm-1 were assigned for 

out-of-plane bending with both substituted benzenes and bonded O-H group, 984-1099 cm-1 

were the broad range for C-O stretching in alcohols group, 1155-1163 cm-1 and 1229-1292 

cm-1 were the assignments of C-O stretching of carbonyl band to an ester, 1366-1387 cm-1 

was attributed to symmetrical bending vibration of C-H bonds in methyl group (CH3), 

1439-1468 cm-1 was assigned for asymmetrical bending vibration of C-H bonds in methyl 

group (CH3), and 2849-2974 cm-1 was exist in doublet for the assignments of asymmetrical 

and symmetrical methylene stretching vibrations. This indicates that those variables were the 

main parameters contributed to strong factor score in both PCs. These compounds occur from 

sonication method for both processed and unprocessed samples. In additions, loading 

variables in PC1 which attributed from amide group, indicate strong presence of alkaloid 

group in unprocessed samples from sonication method. This finding corroborated with report 

by [8], which identify the presence of alkaloid in propolis samples. 

However, in Fig. 1(c), HCA clearly showed that FTIR fingerprints of processed and 

unprocessed propolis samples in three extraction method were classified into three clusters 

which based on their method of extractions. In Fig. 1(c), Cluster II was clearly separated into 

another HCA tree, which indicates that by sonication, specific features of compound were 

extracted. This might be in agreement with PCA results, which both P-S and UP-S samples 

were strong factor in PC2 and PC1 respectively. From this finding, it revealed that 
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FTIR-chemometric could be used as a tool for quality study based on extraction method. 

 

Fig.1. FTIR-chemometric of processed and unprocessed ethanolic extract of H. itama’s 

propolis in three extraction methods. FTIR fingerprints for all samples (a), PCA score plot (b) 

and HCA dendrogram (c) of processed and unprocessed H. itama’s propolis in three 

extractions method 

Metabolite fingerprinting by HPTLC analysis and their chemometric analysis was carried out 

at two wavelengths, 254 nm (short wavelength) and 366 nm (long wavelength) in order to 
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observe the differentiation between processed and unprocessed propolis samples. As for 

HPTLC profiling, the chemical compounds of unprocessed propolis samples in three different 

extraction methods were observed to be more intense in their HPTLC chromatogram at 254 

and 366 nm (Fig. 2a and 2b). It was also found that there were compounds that absent in 

processed samples but occur in unprocessed samples and vice versa. This was clearly can be 

seen in HPTLC densitogram (Fig. 2c-f) in both wavelengths, which the peaks of compounds 

in unprocessed samples were more intense as compared to the processed one.  

For data analysis of HPTLC-chemometric, all compounds at 254 and 366 nm were assigned 

according to their respective Rf values. As results, there were 18 possible compounds found at 

254 nm (Fig. 3) and 14 compounds at 366 nm (Fig. 4). The UV spectra comparison of those 

compounds shown in Fig. 3 and 4. The compounds were named based on their Rf values. At 

254 nm (Fig. 3), 10 compounds (0.07, 0.20, 0.31, 0.37, 0.45, 0.60, 064, 0.71, 0.78 and 0.91) 

were detected in both processed and unprocessed propolis. However, those compounds were 

suspected to have degraded based on their UV spectra in Fig. 3. In addition, four compounds 

were observed in non-heated (unprocessed) propolis in three extraction methods and were 

then absent after the propolis has been processed. Those four compounds were compounds at 

Rf values of 0.12, 0.49, 0.52a and 0.86 (green circled in Fig. 3). In contrast, there were four 

additional compounds were observed to occur in heated propolis (processed). They are 

compounds at Rf values of 0.33, 0.40, 0.52b and 0.84 (red circled in Fig. 3). Similar case 

occurred in 366 nm (Fig. 4), which there was seven compounds (0.12, 0.21, 0.31, 0.49, 0.65, 

0.78 and 0.90) were present in samples of processed and unprocessed. However, compounds 

at Rf values of 0.65, 0.78 and 0.90 were degraded in processed samples. Compounds at Rf 

values of 0.05, 0.45 and 0.74 were not seen processed samples. While, compounds at Rf 

values of 0.07, 0.38, 0.41 and 0.89 were observed in processed samples. As we compare UV 

spectra of compounds at 254 and 366 nm, we found that there were 10 compounds were 

detectable at both wavelengths. Those 10 compounds were at Rf values of 0.07, 0.12, 

0.20-0.21, 0.31, 0.40-0.41, 0.45, 0.49, 0.64-0.65, 0.78 and 0.90-0.91. This analysis also 

revealed that there were eight specific compounds occur at 254 nm, Rf values of 0.33, 0.37, 

0.52a, 0.52b, 0.60, 0.71, 0.84 and 0.86 while four specific compounds at 366 nm, at Rf values 
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of 0.05, 0.38, 0.74 and 0.89.   

 

Fig.2. HPTLC profiling of processed and unprocessed ethanolic extract of H. itama’s propolis 

in three extraction methods. HPTLC chromatograms viewed at 254 nm (a) and 366 nm (b). 

HPTLC densitogram under 254 nm-2D view (c), 254 nm-3D view (d), 366 nm- 2D view (e) 

and 366 nm-3D view (f). L1: P-M; L2: UP-M; L3: P-S; L4: UP-S; L5: P-MS; L6: UP-MS 
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Fig.3. UV spectra comparison of all assigned peak of compounds in processed and 

unprocessed ethanolic extract of H. itama’s propolis in three extraction methods by HPTLC 

analysis at 254 nm 

 

Fig.4. UV spectra comparison of all assigned peak of compounds in processed and 

unprocessed ethanolic extract of H. itama’s propolis in three extraction methods by HPTLC 

analysis at 366 nm 
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The complicated and confusing HPTLC retention factor numerical data at both 254 and 366 

nm apparently could not be well summarized and concluded by human vision. In order to 

determine the similarity and dissimilarity, HPTLC datasets were then subjected to 

chemometric analysis (PCA and HCA). Fig. 5a and 5b show PCA scores plot for 254 and 366 

nm respectively. In general, both PCA scores plot grouped in two clusters, respectively that 

separate unprocessed and processed samples apart. Factor scores of 254 nm (data not shown) 

grouped P-S, P-M, P-MS and UP-S into PC1 while factors in PC2 were UP-MS and UP-M. 

Factors of PC1 were observed located in lower right diagonal (45°C), while factors of PC2 are 

located in upper left diagonal in PCA score plot (Fig. 5a). However, only P-M, P-S and P-MS 

are having positive values more than 1 in PC1 while UP-MS in PC2 which considered on 

having strong correlation with variables in the factor loadings. For 254 nm, factor loadings 

given out the variables that have strong correlation (positive values) with positive factors 

(P-M, P-S and P-MS) in PC1 were compounds at Rf values of 0.07, 0.20, 0.33, 0.40, 0.52b, 

0.64, 0.78 and 0.84 (Fig. 5c). While UP-MS, positive factor in PC2 was strongly correlated to 

a variable in PC2 is compound at Rf value 0.91. Nevertheless, UP-MS, UP-M and UP-S were 

found to have directly correlation with variables that have negative values and do not 

correlate with positive factors in PC1 (Fig. 5c). As for 366 nm (Fig. 5b), UP-M, UP-S and 

P-MS were classified into PC1 while P-M, P-S and UP-MS in PC2 based on factor scores 

(data not shown). It clearly shows that positive factors in PC1 were UP-M and UP-S, while 

UP-MS is positive factor in PC2. Fig. 5d showed that these three samples were having strong 

correlation to variables with positive factor loadings in PC1, which compounds at Rf values of 

0.05, 0.12, 0.45, 0.49, 0.74 and 0.78. UP-MS (positive factor in PC2) also shows to have 

strong correlation with compound at Rf values of 0.21 and 0.31. Meanwhile, it was also found 

that P-MS, P-M and P-S (which have negative score and low positive values in PC1 and PC2 

respectively) were strongly correlated to variables with negative factor loadings in PC1 (Fig. 

5d). In brief, PCA gives distinct cluster regardless extraction method based on their specific 

compounds. 
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Fig.5. HPTLC-chemometric of processed and unprocessed ethanolic extract of H. itama’s 

propolis in three extraction methods. PCA scores plot for HPTLC-254 nm (a) and 

HPTLC-366 nm (b). Biplot scores for HPTLC-254 nm (c) and HPTLC-366 nm (d) 

Fig. 6 (a) and 6 (b) show that HPTLC-HCA dendrograms for both wavelengths, 254 and 366 

nm, respectively. Processed and unprocessed propolis samples were clearly divided into three 

clusters for both 254 and 366 nm. Cluster 1 consists of processed propolis and unprocessed 

samples were divided into two cluster. Despite separated into two different clusters 

unprocessed propolis still show similar pattern for their profile plots (Fig. 6c and 6d). The 

pattern of profile plots revealed that compounds at Rf values of 0.31, 0.37, 0.45, 0.49, 0.60, 

0.71 and 0.78 could be the identity for unprocessed propolis samples for 254 nm. While 

compounds at Rf values of 0.31, 0.45, 0.49 and 0.78 could be the identity for that of 366 nm. 

In addition, profile plot patterns of 254 and 366 nm also revealed that processed and 

unprocessed propolis samples possessed different pattern of compounds. Based on profile plot 

pattern of processed propolis samples, compounds at Rf values of 0.33, 0.40, 0.52b and 0.84 

(might occur after heating process) could be the identity of compounds at 254 nm, while at 

366 nm, compounds at Rf values of 0.38, 0.41 and 0.89 could be the identity for processed 

propolis samples regardless extraction methods. HPTLC-chemometric in this work revealed 

that, the quality of propolis does affected by the heating process and not by the extraction 

method.  
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Fig.6. HPTLC-chemometric of processed and unprocessed ethanolic extract of H. itama’s 

propolis in three extraction methods. HCA dendrograms for 254 nm (a) and 366 nm (b). 

Profile plot of compounds variables classified by HCA dendrograms for 254 and 366 nm in 

three clusters HCA 
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3.2. Antioxidant Activity 

Processed and unprocessed propolis for three extraction methods were also tested on 

antioxidant activity by DPPH and Total Phenolic Content (TPC) methods. Fig. 7 (a) and 7(c) 

shows the result of quantitative DPPH assay. Unprocessed propolis possessed significantly 

higher antioxidant activity as compared to the processed propolis. This result was in 

agreement with qualitative HPTLC-DPPH assay as shown in Fig. 7 (b). Unprocessed propolis 

(L2, L4 and L6) was observed to have more compounds that scavenged the DPPH free 

radicals better than that of processed propolis (L1, L3 and L5). In term of method of 

extraction, those three methods were significantly different to each other. Based on IC50 

values, antioxidant activity of unprocessed propolis ranked in order of UP-MS (62.1 μg/mL) > 

UP-M (73.9 μg/mL) > UP-S (85.7 μg/mL). While for processed propolis samples, 

maceration-sonication method (IC50 value: P-MS; 172.3 μg/mL) was significant different to 

both maceration and sonication methods, but both maceration (IC50 value: P-M; 154.8 μg/mL) 

and sonication (IC50 value: P-M; 157.1 μg/mL) methods were no significantly different from 

each other. It was found that maceration-sonication method give the highest antioxidant 

activity in unprocessed samples but the lowest activity in processed samples. This indicates 

that extraction method is not a reliable method for quality control parameter for propolis raw 

material. All six samples were found significantly different with positive controls used; 

quercetin (IC50 value: 5.2 μg/mL) and Trolox (IC50 value: 6.0 μg/mL). In summary of DPPH 

antioxidant activity, HPTLC-DPPH analysis shows that some of the antioxidant compounds 

were degraded or loss their ability after being heated in high temperature.  

3.3. Total Phenolic Content (TPC) 

Fig. 7(d) and 7(e) show that total phenolic content in processed and unprocessed samples and 

Gallic acid equivalent calibration curve, respectively. Fig. 7(d) revealed that unprocessed 

propolis consisted higher content of phenolic than processed propolis. The unprocessed 

propolis samples significantly higher than processed one in maceration (UP-M: 21.23 mg/g; 

P-M: 17.47 mg/g) and maceration-sonication (UP-MS: 21.94 mg/g; P-MS: 18.17 mg/g) 

methods. Sonication method however gives no significantly different in phenolic content for 

unprocessed and processed propolis samples (UP-S: 20.19 mg/g; P-S: 17.89 mg/g). In 
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additions, there is no significantly different of phenolic content in extracts derived from three 

extraction methods of processed and unprocessed propolis. These findings revealed that, 

unprocessed propolis give out higher amount of phenolic compared to processed one if they 

were extracted using maceration and maceration-sonication methods and we could use any 

one of these two extraction methods as they were no significant different to each other. The 

phenolic content was proved are affected by processing method of propolis.  

 

Fig.7. Antioxidant activity of processed and unprocessed ethanolic extract of H. itama’s 

propolis in three extraction methods. Percentages of inhibition graph for 96-well plate DPPH 

method (a) and HPTLC-DPPH method (b). L1: P-M; L2: UP-M; L3: P-S; L4: UP-S; L5: 

P-MS; L6: UP-MS. The graph for IC50 values of quantitative DPPH method (c). Total 

phenolic content (d) and calibration curve of Gallic Acid Equivalents. Means within samples 

indicate significantly different values (***: p < 0.0001; **: p < 0.01; *: p < 0.05; ns: no 

significant) 
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3.4. Summary 

One of the oldest forms of processing and preserving food or raw material is heating and 

drying. The aim is to extend the shelf life of certain material, minimize packaging and 

storaging (as the case for propolis in this study) and reduce shipping weights [9]. The effect of 

processing using the high temperatures can have negative effects on flavour and nutritional 

content of the final products [10-11]. Heating is accountable for the oxidation, thermal 

degradation and leaching of bioactive from fresh raw material. Different heating conditions 

have different effects on the chemical profiles and antioxidant properties of plant material 

[12]. In this study, FTIR and HPTLC analyses were used to evaluate the effect of heating on 

propolis raw material. FTIR is a spectroscopic technique that is commonly used for the 

fingerprinting of different natural matrices, especially for quality control and for rapid 

qualitative evaluation of sample preparation [13]. In this study, FTIR analysis is able to 

significantly separate all samples. Heating process together with different type of extraction 

method does have an effect on the overall metabolite profile of propolis sample. Due to its 

simplicity, low cost and ability to simultaneously analyze up to 20 samples under same 

condition, HPTLC was employed to evaluate the effect on heating process on chemical profile 

of propolis extracts. TLC fingerprinting was widely used in assessment of the authenticity of 

different type of propolis [14-16]. The system was optimized to separate secondary 

metabolites. HPTLC chromatogram presented in this study show different chemical pattern 

and chemometric analysis by PCA and HCA confirm this observation. It clearly shows that 

heating largely affect the chemical composition especially secondary metabolites as shown 

from HPTLC analysis. This result was further verified by the evaluation of antioxidant 

activity, where the activity was markedly decreased in processed propolis. Qualitative analysis 

by HPTLC-DPPH shows substantial numbers of compounds in processed propolis was 

inactive against DPPH. The antioxidant capacity of heated samples decreased as a 

consequence of antioxidant compounds being relatively unstable at higher temperature. The 

decrease may also link to the formation of compounds having pro-oxidant action [17]. The 

effect of heating on total phenolic content was not as dramatic as antioxidant capacity 

eventhough it decreasing. Phenolic compounds are the most active derivatives in plant 
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products [18]. There are reports stated that heating plant material at 150oC for 30 minutes 

decreased the total phenolic content. But, heating also able to liberated phenolic compounds 

by cleavage of esterified and glycosylated bond or by the formation of Maillard reaction 

products and produced free phenolic [19]. This might be the reason on less degradation of 

total phenolic compounds.  

 

4. CONCLUSION  

From this finding, it revealed that FTIR-chemometric could be used as a tool for quality study 

based on extraction method. Meanwhile, HPTLC-chemometric in this work could be used as 

quality tools for processing method of propolis, as processed and unprocessed propolis 

samples given out different pattern regardless extraction method. As overall conclusion for 

both DPPH method and TPC for antioxidant activity, phenolic compounds could be assigned 

as factors that contribute to antioxidant activity of propolis for processing method. Both 

DPPH and TPC methods were could be used as quality and efficacy parameters for quality 

control of propolis. However, only maceration method that observed to be reliable method in 

quality control purposes from these two antioxidant methods. In this work, metabolite 

fingerprinting by FTIR and HPTLC coupled with chemometric analysis and antioxidant 

activity were reliable for quality control for product development of propolis raw materials. 
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