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ABSTRACT 

Objective: Honey is a natural sweet substance known for various health benefits and is used in many traditional medicines and dietary 
supplements. It contains various bioactive constituents like sugars, amino acids, polyphenols, flavonoids and various minerals. Quality control of 
honey is an essential part for ensuring its health benefits and therapeutic usage. In the present study, honey was analyzed by using various 
spectroscopic approaches and physicochemical methods.  

Methods: The samples of honey were analyzed by Thin-layer Chromatography (TLC) derivatization, ATR-FTIR, and 1H-NMR fingerprint and the 
total phenolic content (TPC) and total flavonoid contents (TFC) were measured by Uv-Vis spectrophotometry and analysis were carried out for 
various physicochemical parameters of honey.  

Results: All the physicochemical parameters of the honey were as per the desired quality. The UV-Vis analysis was successfully used in the 
determination of total phenolics and flavonoid contents in the samples of honey. TLC analysis showed the presence of flavonoids, phytosterols, 
phenolics, sugars and carbohydrates in honey. The Thin-Layer chromatography analysis showed good resolution for various components of honey 
on the TLC plates. The FTIR analysis showed the presence of various functional groups characteristic of amino acids, carbohydrates and sugars, 
which was further supported by 1H NMR chemical profiling.  

Conclusion: In the present work, the application of various spectroscopic techniques and physicochemical tests were found to be useful in analysis of honey.  
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INTRODUCTION 

Honey, commonly known as Madhu, is a naturally occurring light 
yellow to yellowish-brown fluid with a pleasant flavour and sweet 
taste. It is produced by honeybees like (Apis mellifera, Apis florea, 
Apis cerana indica, Apis dorsata) through enzymatic transformation 
of floral nectar collected by them. Honey is widely used in many 
Ayurvedic formulations such as Asava, Arishtam, Leham and various 
herbal syrup formulations for its medicinal properties and natural 
sweetener [1]. Honey is traditionally used for gastric troubles, 
wound healing, skin burn and ulcers. Honey has been reported for 
various medicinal properties like anti-inflammatory, anti-viral, 
anti-bacterial, antiseptic, wound healing, antioxidant and 
immunomodulatory properties [2-7]. Modern pharmacological 
study has recommended the therapeutic application of honey in 
wound healing, bone health, metabolic diseases like obesity, 
diabetes mellitus, dyslipidaemia, and hypertension. Honey has been 
reported to work on various signalling pathways like inhibition of 
various enzymes such as COX, LOX,i-NOS, IL-6, TNF-alfa and NF-kB 
[8-11]. The composition, color, flavour, and aroma of the honey 
varies with kind of floral origin, geographical area and season [12]. 
In general, the honey consist of mainly 75 to 80% monosaccharide 
like glucose and fructose, 10 to 15% disaccharide sugars such as 
sucrose and maltose and a wide range of phenolic compounds like 
p-coumaric, gallic acid, caffeicand ferulic acids; compounds like 
apigenin, luteolin, naringenin, quercetin, kaempferol, chrysin; 
enzymes like-invertase, glucose oxidase, and diastase; minerals, 
vitamins like A, B1, B2, B3, B5, B6 and C, minerals and trace 
elements such as calcium, copper, iron, phosphorous, magnesium, 
sulphur, manganese, iodine, sodium and potassium. These 
substances provided various pharmacological activity and nutritive 
properties to honey [2, 13].  

In recent years the demand of honey has increased as a dietary 
supplement or functional food because of increased concern and 
awareness about immune health and natural sweetener. The global 

market of honey as per a 2021 was USD 8.52 Billion dollar and 
under rapid growth (www.grandviewresearch.com). The increase in 
the consumer demand of honey has led to an increase in price and 
adulteration of natural honey [14]. Therefore to ensure the 
authentic quality of honey, there is a need for standardization and 
stringent quality control to ensure high-quality and safe products to 
consumers. In the present study, physicochemical studies, 1H-NMR 
profiling, FTIR and TLC fingerprinting, qualitative analysis using 
various chromogenic TLC reagents was carried out for honey 
samples.  

MATERIALS AND METHODS 

The samples of honey were collected from a honey farmer in Tamil 
Nadu involved in apiculture. Total three batches of samples of honey 
were collected to study the batch-to-batch analysis. The samples 
were filtered through a 100-micron nylon filter to remove any 
extraneous particulate matter. All the chemical and reagent used in 
analysis were of analytical grades.  

Physicochemical evaluation 

Moisture content was calculated using loss on drying method as per 
the pharmacopeia procedure. The overall quality and shelf life of 
honey depend on the moisture content. Higher moisture led to 
spoilage due to fermentation caused by yeast. All three honey were 
having a moisture content less than 20%. The pH of honey was 
determined with a digital pH meter. The pH of honey affects the taste 
of honey and high pH leads to the formation of 
hydroxy-methyl-furfural in honey during long storage time and 
exposure to high heat. Total reducing sugar, sucrose and fructose was 
estimated using the titration method as mentioned in the 
pharmacopoeia. Hydroxymethyl furfural (HMF) content was measured 
by carrying out Fiehe's test. Presence of a high level of HMF is a result 
of the degradation of fructose by long storage time at high 
temperature. The test is based on reaction between pet ether extract 
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of honey and resorcinol solution. Appearance of cherry red colour 
indicates positive reaction and pink to yellow color indicates negative 
reaction. To check the presence of commercial invert sugar aniline 
chloride test was carried out. Appearance of dark red colour indicates 
positive reaction while the appearance of yellow color indicates 
negative reaction [15]. Preliminary phytochemical analysis of honey 
was performed for detection of various constituents like alkaloids, 
carbohydrate, sugar test, flavonoids test, and phytosterols [16-18].  

UV spectroscopy analysis  

The spectroscopic fingerprinting technique has been used as a novel 
technique for understanding the chemical composition of various 
herbal ingredients without the previous chromatography 
purification of chemical constituents. In the present study the 
UV/Vis spectra were recorded with a spectrophotometer (UV-1700 
Shimadzu model). The spectra were recorded between 200 to 800 
nm using an aqueous solution (100 mg/ml) of all honey samples. No 
reference cited for the method followed. 

Total phenolic and flavonoid content 

The amount of total phenolic compound contents were determined 
by the Folin-Ciocalteau method as described by Woisky and Salatino 
[19]. The honey sample (0.5 ml of 1 gm/ml of honey solution) were 
mixed with 4 ml of Folin-Ciocalteu reagent (Sigma-Aldrich) and 6 ml 
of 20% sodium bicrbonate solution and the volume was adjusted to 
50 ml with distilled water. The absorbance was measured at 760 nm 
after 2 h of incubation at room temperature using a UV-Visible 
spectrophotometer. The results were expressed as gallic acid 
equivalents. Calibration curve was obtained from absorbance 
recorded from gallic acid solution at a concentration of 10 to 50 
µg/ml dissolved in methanol.  

Total flavonoids were estimated using the method of Woisky and 
Salatino [19]. To 1 ml of honey sample solution (1 gm/ml of honey 
solution) 1 ml of 5% AlCl3 ethanol solution was added. After 1 h 
incubation at room temperature, the absorbance was measured at 
425 nm. Total flavonoid contents were calculated as quercetin 
equivalents from a calibration curve. Calibration curve was obtained 
from absorbance recorded from quercetin solution at a 
concentration of 20 to 100 µg/ml dissolved in methanol.  

Thin-layer chromatography analysis 

Thin-layer chromatography is a popular method for analysis of 
complex herbal mixtures in natural products. It helps in speed 
analysis by separation and visualization of the individual 
components on the TLC plates [21, 22]. For each samples, 10 g of 
honey was dissolved in 100 ml of water. The sample was then 
subjected to liquid-liquid partitioning (3×10 ml) with n-butanol. The 
n-butanol soluble organic fraction was separated, pooled and dried 
over a water bath to get a brown-colored sticky extract. The 
resultant extract was then dissolved in 5 ml of methanol and used 

for TLC analysis. The samples were applied on pre-coated silica gel 
60F254TLC plates (Merck-Sigma Aldrich) of uniform thickness (0.2 
mm). The chromatogram was developed in a pre-saturated 
twin-trough CAMAG TLC chamber with a mobile phase, toluene: ethyl 
acetate: formic acid (6:4:0.5). Visualization was done after spraying 
with anisaldehyde-sulphric acid and vanillin-sulphuric acid 
chromogenic reagent. The TLC plate was observed under UV 254 and 
366 nm in CAMAG TLC visualizer. Sugar analysis was carried out by 
dissolving 200 mg of honey in water: methanol (1:1) mixture. The 
solution was applied on TLC developed with a mobile phase consist of 
chloroform: methanol: water: formic acid (6:4:0.2:0.1) along with 
standards sugars of sucrose, glucose, fructose and maltose. 
Visualization was done after spraying with 
diphenylamine-aniline-phosphoric acid reagent followed by heating at 
105 ℃ for 5 to 10 min till the colored zones are developed [20-25].  

Fourier transform infrared attenuated total reflectance 
(FTIR-ATR) analysis 

The FTIR spectra were recorded in ATR mode using 
Jasco-FTIR-4700 instrument paired with ATR-PRO-ONE accessory. 
The scanning was performed from 4000 to 500 cm-1 and the data 
was analysed using JASCO software.  

Proton-nuclear magnetic resonance (1H-NMR) analysis  

In recent times the1H-NMR has been used for analysis of various food 
materials like fruit juice, wine and honey. The 1H-NMR spectroscopy is a 
simple, rapid and reproducible technique to generate the fingerprint of 
honey in less than 30 min. Proton nuclear magnetic resonance 
(1H-NMR) spectra can be a holistic approach that can analyse several 
chemical constituents simultaneously [26]. As the 1H-NMR profiling is 
unique for each sample, so can be used as a fingerprint. For 1H-NMR 
analysis 50 mg of sample was dissolved in 900 ml of deuterium oxide 
(D2O); the 1H-NMR spectra of honey was acquired in Bruker Avance III 
HD Nanobay 400 MHz FT-NMR spectrometer. 

RESULTS  

Physicochemical parameter evaluation  

All the parameters of honey were evaluated as per the official 
procedures (table 1). As per Codex Ailmentarius Standard, 2001, the 
HMF level should not exceed more than 80 mg/kg. All three samples 
demonstrate pink color for Fiehe's test, indicating absence of HMF, 
inferring samples were within the desired specification. In general 
pH of honey is mildly acidic within accepted range of 3.50 to 5.50. All 
the tested honey had pH values within the above range. All the 
honey was having moisture not more than 20 % as stated by Codex 
Ailmentarius Standard, 2001. The percentage of total reducing 
sugars was within the required specification (not less than 
60g/100g) as recommended by CAS. The other sugar parameters, 
such as sucrose content and the fructose-glucose ratio, was within 
the CAS specifications [27].

 

Table 1: Physicochemical evaluation of honey 

S. No. Parameters Sample-I Sample-II Sample-III 
1 pH  3.52 3.57 3.89 
2 Moisture value  14.66 13.29 15.21 
3 Ash value  0.43 0.32 0.51 
4 Specific gravity  1.4151 1.4214 1.3881 
5 Refractive index  1.4740 1.4895 1.4870 
6 Fieh’s test  Negative  Negative  Negative  
7 Aniline chloride Test  Negative  Negative  Negative  
8 Sucrose  3.82 3.87 3.78 
9 Total reducing sugar  77.60 79.85 78.76 
10 Fructose-glucose ratio 1.02 1.04 0.98 
 

UV spectroscopy analysis of honey 

The qualitative UV-Vis spectrum of honey showed bands at 284 nm, 
282 nm and 278 nm with absorption of 0.930, 0.773, and 1.509. This 
characteristic pattern of the fingerprint of the honey can be used as 
a quality control tool for the analysis of honey and the detection of 
any adulteration. 

Total phenolic and flavonoid content of honey 

Total phenolic content was found to be 450.476, 815.556 and 
844.127 µg per gram of honey samples I, II and III, respectively 
expressed as Gallic acid equivalent. Total flavonoid content was 
found to be 342.72, 147.27 and 142.72 µg per gram of samples I, II 
and III, respectively expressed as quercetin equivalent.
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Fig. 1: UV spectra of honey 

  

Thin-layer chromatography analysis 

The TLC profile of all three honey samples (fig. 1) showed two distinct 
bands at Rf0.21 and 0.22. With derivatization with vanillin, sulphuric 
acid showed brown, pink and grey spots, while derivatization with 
anisaldehyde sulphuric acid showed green and pink spots. 
Derivatization with vanillin-sulphuric acids showed characteristic 

yellowish fluorescent color at Rf 0.24 and 0.25 under 366 
post-derivatization. Sample-III showed a different profile few 
additional spots, only Rf 0.11 and 0.18, indicating a different quality. 
Spraying with diphenylamine-aniline-phosphoric acid showed grey 
spots for sucrose, blue spots for glucose and maltose, and brown spots 
for fructose. All three samples of honey (fig. 3) confirm the presence of 
sucrose, glucose, fructose and maltose at Rf 0.38, 0.48, 0.51 and 0.32.

  

 

Fig. 2: Chromatographic profile by TLC of sample: a. 254 nm; b.366 nm; c. VS; d. AS; 1e. Under 366 after VS derivatization; 1f. Under 366 
after AS derivatization 

 

 

Fig. 3: Chromatographic profile by TLC for sugar analysis (Track-1: sucrose, Track-2: glucose, Track-3: fructose, Track-4:maltose, Track-5 
Honey sample I, Track-6:Honey sample II and Track-7: Honey sample III) 
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Table 2: Phytochemicals in honey 

Constituents  Test Sample-I Sample-II Sample-III 
Alkaloids  Mayer’s test -ve -ve -ve 

Wagener test  -ve -ve -ve 
Dragedorf test  -ve -ve -ve 

Carbohydrate  Molish test  +ve +ve +ve 
Benedicts test  +ve +ve +ve 

Sugar test   ++ ++ ++ 
Flavonoids test  AlCl3 Test  +ve +ve +ve 
Phytosterol Test  Liebermann-Burchard +ve +ve +ve 

 

Phytochemical analysis of honey 

The preliminary phytochemical analysis of honey showed various 
constituents such as carbohydrates, sugar, flavonoids and 
phytosterols. etc. The details of the analysis are presented in table 2. 

FTIR-ATR analysis 

The FTIR analysis showed the peaks (fig. 4) at νmax 3274.54, 2930.31, 
1996.93, 1644.02, 1415.49, 1346.07, 1256.40, 1145.51, 1024.02, 
917.95, 864.70, 816.70, 775.24 cm-1. All three honey sample were 
found to be having similar spectral fingerprints. It indicates the 

presence of O-H, C=O, C-O, C-C, C-O-C, C-OH, and O-H. On the basis of 
the reported literature presence of amino acids, carbohydrate and 
carboxylic acid-containing compounds were identified in honey by 
comparison with the literature data [28]. 
1H-NMR spectral analysis 

The 1H-NMR analysis is an advance technique to obtain holistic 
information about the complex sample in a single non-destructive 
experiment. It helps in the simultaneous analysis of multiples 
organic compounds present in a known sample. The 1H-NMR 
spectral data (fig. 5) of the honey is summarized below.

  

  

Fig. 4: ATR-FTIR spectra for the honey samples 
 

 

 

 

Fig. 5: 1H NMR spectra of honey samples in D2O 
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Sample I (1H-NMR, 400MHz, D2O,δH in ppm): 

5.28, 5.10, 4.69, 4.52, 3.98, 3.91, 3.88, 3.86, 3.78, 3.75, 3.72, 3.67, 
3.65, 3.61, 3.59, 3.56, 3.44, 3.41, 3.38, 3.35, 3.32, 3.29, 3.26, 3.13, 
3.11. 

Sample-II (1H-NMR, 400MHz, D2O,δH in ppm):  

5.11, 4.53, 3.99, 3.92, 3.87, 3.79, 3.77, 3.71, 3.69, 3.66, 3.58, 3.45, 
3.42, 3.39, 3.37 3.34, 3.30, 3.29, 3.28, 3.14, 3.12  

Sample-III (1H-NMR, 400MHz, D2O,δH in ppm):  

5.10, 4.69, 4.52, 3.98, 3.91, 3.87,3.78, 3.72, 3.69, 3.67, 3.61, 3.59, 
3.56, 3.53, 3.47, 3.44, 3.41, 3.39, 3.35, 3.33, 3.31, 3.29, 3.27, 3.26, 
3.13. 

All the honey samples revealed similar spectral fingerprints, 
indicating the similarities in the major chemical compositions. The 
intense 1H-NMR spectra shows dominant signals between 3.0 to 4.2 
ppm representing the sugar region. The spectral region between 
5.30 to 4.50 was due to the anomeric protons of sugars. The δH 
values were comparable with that reported for monosaccharides 
like glucose, fructose and disaccharides like maltose and sucrose. 
The compounds were identified based on their spectroscopy data 
and on comparison with the published literature source [29-31].  

DISCUSSION 

The use of Thin-Layer Chromatography (TLC) couples with use of 
various chromogenic reagents for derivatization have been found to 
be a useful approach in analysis of honey composition like sugars 
and polyphenolic compounds [23-25]. Three different derivatization 
system (anisaldehyde-sulphuric acid, vanillin-sulphuric acid and 
diphenylamine-aniline-phosphoric acid) were developed for 
analysis of low polar n-butanol fraction of honey and direct honey 
for its sugar components respectively. The derivatization with 
diphenylamine-aniline-phosphoric acid facilitates visualization of 
different types of sugar constituents present in honey. Further it has 
been observed honey on exposure to heat, undergoes degradation 
leading to the formtaion of various by-products of sugar like 
hydroxymethylfurfural [25]. The Fieh’s test was found to be a simple 
and quick test for qualitative analysis of HMF in honey. The FTIR 
fingerprint analysis was found to be a simple, rapid and 
comparatively less expansive approach for checking the authenticity 
of honey. FTIR spectroscopic method has been found to be a robust 
and promising technique that helps in the identification of various 
functional groups present in the honey [28]. The FTIR-ATR overlay 
spectrum of all the honey showed identical fingerprints, ensuring 
consistency in the quality of honey samples and provides 
information about various functional groups present in the honey. 
The 1H-NMR profiling of all the honey samples demonstrated 
various chemical shift regions, which can be used as a fingerprint for 
comparative analysis of various types of honey for identification, 
checking adulteration, and quality control purposes. The UV-Visible 
spectrum displayed a unique spectral pattern for the honey, which 
can be used for the identification of the honey samples for with 
respect to the quality analysis.  

CONCLUSION 

The physicochemical parameters such as TLC-based sugar analysis, 
fieh’s test, aniline test, HMF test, ash value analysis and various 
spectroscopic interpretations were done for analysis of honey. The 
study of the chemical nature of honey was carried out by simultaneous 
using of 1H-NMR profiling, FTIR-ATR fingerprint and UV/Vis 
spectroscopic analysis. The 1H-NMR and FTIR-based metabolomics 
study provides a broad overview about the chemical composition and 
various functional groups of the honey in their native state without 
going for any prior chromatography purification. These techniques 
were reliable, rapid, and sophisticated technique for the analysis and 
simultaneous identification of various metabolites in the complex 
matrix. The above methods can be an efficient approach for analysis of 
various types of honey.  

FUNDING 

Nil 

AUTHORS CONTRIBUTIONS 

Manas Ranjan Sahoo carried our analysis, interpreted the spectra, 
and write the manuscript. Dr. Ramesh R varrier provides overall 
guidance and provides critical planning and application of advance 
technological insights for the experiment. Mrs Anithakumari 
rajendran carried out the TLC and HPTLC analysis and interpret the 
spectral data.  

CONFLICT OF INTERESTS 

Authors declare no conflict of interest 

REFERENCES 

1. The ayurvedic pharmacopoeia of India. 1st ed. Government of 
India, Ministry of Health and Family Welfare, Department of 
Ayurveda, Yoga, and Naturopathy, Unani, Siddha. Part-1, Vol. 
VI; 2016. p. 214-5. 

2. Silva B, Biluca FC, Gonzaga LV, Fett R, Dalmarco EM, Caon T. In 
vitro anti-inflammatory properties of honey flavonoids: a 
review. Food Res Int. 2021;141:110086. doi: 
10.1016/j.foodres.2020.110086. PMID 33641965. 

3. Choy KW, Murugan D, Leong XF, Abas R, Alias A, Mustafa MR. 
Flavonoids as natural anti-inflammatory agents targeting 
nuclear factor-kappa B (NFκB) signaling in cardiovascular 
diseases: A mini-review. Front Pharmacol. 2019;10:1295. doi: 
10.3389/fphar.2019.01295, PMID 31749703. 

4. Ranneh Y, Akim AM, Hamid HA, Khazaai H, Fadel A, Zakaria ZA. 
Honey and its nutritional and anti-inflammatory value. BMC 
Complement Med Ther. 2021;21(1):30. doi: 
10.1186/s12906-020-03170-5. PMID 33441127. 

5. Thakur N, Kumari J, Sharma M. Antimicrobial potential of 
herbal and chemical neonatal eye drops. Asian J Pharm Clin 
Res. 2018;11(11):319-23. doi: 
10.22159/ajpcr.2018.v11i11.28026. 

6. Sushanth KA, Lakshmi KC, Reddy DS. Evaluation of wound 
healing activity with a new formulation of dry Mangifera indica 
and honey using swiss albino mice. Asian J Pharm Clin Res. 
2016;9(4):139-42. 

7. Dhanaraj S, Umamageswari SSM, Malavika M, Bhuvaneshwari 
G. Comparison of antibacterial activity of honey against aerobic 
and anaerobic bacteria. Int J Curr Pharm Sci. 2012;13(1):41-3. 
doi: 10.22159/ijcpr.2021v13i1.40810. 

8. Masad RJ, Haneefa SM, Mohamed YA, Al-Sbiei A, Bashir G, 
Fernandez Cabezudo MJ. The immunomodulatory effects of 
honey and associated flavonoids in cancer. Nutrients. 
2021;13(4):1269. doi: 10.3390/nu13041269, PMID 33924384. 

a. Kamaruzzaman MA, Chin KY, Mohd Ramli ES. A review of 
potential beneficial effects of honey on bone health. Evid Based 
Complement Alternat Med. 2019. doi: 10.1155/2019/8543618, 
PMID 31641368. 

9. Ramli NZ, Chin KY, Zarkasi KA, Ahmad F. A review on the 
protective effects of honey against metabolic syndrome. 
Nutrients. 2018;10(8):30072671. doi: 10.3390/nu10081009, 
PMID 30072671. 

10. Oryan A, Alemzadeh E, Moshiri A. Biological properties and 
therapeutic activities of honey in wound healing: A narrative 
review and meta-analysis. J Tissue Viability. 2016;25(2):98-118. 
doi: 10.1016/j.jtv.2015.12.002. PMID 26852154. 

11. Bogdanov S, Jurendic T, Sieber R, Gallmann P. Honey for 
nutrition and health: a review. J Am Coll Nutr. 
2008;27(6):677-89. doi: 10.1080/07315724.2008.10719745, 
PMID 19155427. 

12. Nolan VC, Harrison J, Cox JAG. Dissecting the antimicrobial 
composition of honey. Antibiotics (Basel). 2019;8(4):251. doi: 
10.3390/antibiotics8040251, PMID 31817375. 

13. Zhou X, Taylor MP, Salouros H, Prasad S. Authenticity and 
geographic origin of global honeys determined using carbon 
isotope ratios and trace elements. Sci Rep. 2018;8(1):14639. 
doi: 10.1038/s41598-018-32764-w, PMID 30279546. 

14. Aljohar HI, Maher HM, Albaqami J, Al-Mehaizie M, Orfali R, Orfali R. 
Physical and chemical screening of honey samples available in the 
Saudi market: an important aspect in the authentication process 
and quality assessment. Saudi Pharm J. 2018;26(7):932-42. doi: 
10.1016/j.jsps.2018.04.013. PMID 30416348. 

https://doi.org/10.1016/j.foodres.2020.110086�
http://www.ncbi.nlm.nih.gov/pubmed/33641965�
https://doi.org/10.3389/fphar.2019.01295�
http://www.ncbi.nlm.nih.gov/pubmed/31749703�
https://doi.org/10.1186/s12906-020-03170-5�
https://www.ncbi.nlm.nih.gov/pubmed/33441127�
https://doi.org/10.22159/ajpcr.2018.v11i11.28026�
https://doi.org/10.22159/ijcpr.2021v13i1.40810�
https://doi.org/10.3390/nu13041269�
http://www.ncbi.nlm.nih.gov/pubmed/33924384�
https://doi.org/10.1155/2019/8543618�
https://www.ncbi.nlm.nih.gov/pubmed/31641368�
https://doi.org/10.3390/nu10081009�
https://www.ncbi.nlm.nih.gov/pubmed/30072671�
https://doi.org/10.1016/j.jtv.2015.12.002�
http://www.ncbi.nlm.nih.gov/pubmed/26852154�
https://doi.org/10.1080/07315724.2008.10719745�
http://www.ncbi.nlm.nih.gov/pubmed/19155427�
https://doi.org/10.3390/antibiotics8040251�
http://www.ncbi.nlm.nih.gov/pubmed/31817375�
https://doi.org/10.1038/s41598-018-32764-w�
https://www.ncbi.nlm.nih.gov/pubmed/30279546�
https://doi.org/10.1016/j.jsps.2018.04.013�
https://www.ncbi.nlm.nih.gov/pubmed/30416348�


M. R. Sahoo et al. 
Int J Pharm Pharm Sci, Vol 15, Issue 4, 33-38 

38 

15. Ntie-Kang F. Mechanistic role of plant-based bitter principles 
and bitterness prediction for natural product studies II: 
Prediction tools and case studies. Physical Sciences Reviews. 
2019;4(8):8. doi: 10.1515/psr-2019-0007. 

16. Raaman N. Phytochemical techniques. New India Publishing 
Agency, pitam Pura, New Delhi. Chapter 5, Qualitative 
Phytochemical screening; 2006. p. 20-4. 

17. Harborne JB. Phytochemical methods: A guide to modern 
techniques of plant analysis. 3rd ed. UK: Chapman & Hall, 
Thomson Science; 1998. p. 291-3. 

18. Woisky RG, Salatino A. Analysis of propolis: some 
parameters and procedures for chemical quality control. J 
Apic Res. 1998;37(2):99-105. doi: 10.1080/ 
00218839.1998.11100961. 

19. Makowicz E, Jasicka Misiak I, Teper D, Kafarski P. HPTLC 
fingerprinting-rapid method for the differentiation of honeys of 
different botanical origin based on the composition of the 
lipophilic fractions. Molecules. 2018;23(7):1811. doi: 
10.3390/molecules23071811, PMID 30037090. 

20. Islam MK, Sostaric T, Lim LY, Hammer K, Locher C. 
Development and validation of an HPTLC–DPPH assay and its 
application to the analysis of honey. JPC-J Planar Chromat. 
2020;33(3):301-11. doi: 10.1007/s00764-020-00033-0. 

21. Kim YK, Sakano Y. Analyses of reducing sugars on a thin-layer 
chromatographic plate with modified Somogyi and nelson 
reagents and with copper bicinchoninate. Bioscience 
Biotechnology and Biochemistry. 1996;60(4):594-7. doi: 
10.1271/bbb.60.594. 

22. Yamazaki M, Miyazaki H, Sato S. Separation behavior of sugars 
by TLC and its application to food analysis. Bunseki Kagaku. 
1988;37(11):T121-7. doi: 10.2116/bunsekikagaku.37.11_T121. 

23. Farag S. Separation and analysis of some sugars by using thin 
layer chromatography. JSBR. 1979;20(3):251-54. doi: 
10.5274/jsbr.20.3.251. 

24. Islam MK, Sostaric T, Lim LY, Hammer K, Locher C. Sugar 
profiling of honeys for authentication and detection of 
adulterants using high-performance thin layer 
chromatography. Molecules. 2020;25(22):5289. doi: 
10.3390/molecules25225289, PMID 33202752. 

25. Santos Reginaldo FP, Freire R, Costa ICM, da Silva IB, de Araujo 
Roque A, Hallwass F. NMR-based metabolite profiling of selaginella 
convoluta in different hydration states and the unprecedented 
occurrence of anabasine in lycophytes. Phytochem Lett. 
2021;43:75-9. doi: 10.1016/j.phytol.2021.03.016. 

26. Codex alimentarius commission, 1981. Revised codex standard 
for honey codex Stan. Codex Stand. 2001;12:1-7. 

27. Kędzierska Matysek M, Matwijczuk A, Florek M, Barłowska J, 
Wolanciuk A, Matwijczuk A. Application of FTIR spectroscopy 
for analysis of the quality of honey. BIO Web Conf. 
2018;10:02008. doi: 10.1051/bioconf/20181002008. 

28. Olawode EO, Tandlich R, Cambray G. 1H-NMR profiling and 
chemometric analysis of selected honeys from South Africa, 
Zambia, and Slovakia. Molecules. 2018;23(3):578. doi: 
10.3390/molecules23030578, PMID 29510542. 

29. Ohmenhaeuser M, Monakhova YB, Kuballa T, Lachenmeier DW. 
Qualitative and quantitative control of honeys using NMR 
spectroscopy and chemometrics. ISRN Anal Chem. 2013. doi: 
10.1155/2013/825318. 

30. Boffo EF, Tavares LA, Tobias ACT, Ferreira MMC, Ferreira AG. 
Identification of components of Brazilian honey by 1H NMR and 
classification of its botanical origin by chemometric methods. LWT. 
2012;49(1):55-63. doi: 10.1016/j.lwt.2012.04.024.

 

https://doi.org/10.1515/psr-2019-0007�
https://doi.org/10.1080/00218839.1998.11100961�
https://doi.org/10.1080/00218839.1998.11100961�
https://doi.org/10.3390/molecules23071811�
https://www.ncbi.nlm.nih.gov/pubmed/30037090�
https://doi.org/10.1007/s00764-020-00033-0�
https://doi.org/10.1271/bbb.60.594�
https://doi.org/10.2116/bunsekikagaku.37.11_T121�
https://doi.org/10.5274/jsbr.20.3.251�
https://doi.org/10.3390/molecules25225289�
http://www.ncbi.nlm.nih.gov/pubmed/33202752�
https://doi.org/10.1016/j.phytol.2021.03.016�
https://doi.org/10.1051/bioconf/20181002008�
https://doi.org/10.3390/molecules23030578�
https://www.ncbi.nlm.nih.gov/pubmed/29510542�
https://doi.org/10.1155/2013/825318�
https://doi.org/10.1016/j.lwt.2012.04.024�

	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	FUNDING
	AUTHORS CONTRIBUTIONS
	CONFLICT OF INTERESTS
	REFERENCES

