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CHARPTER |
INTRODUCTION

1.1. Problem Definition

Honey bees and plants have mutual benefits resulting in the characteristic
types of the honey. Honey is a source of energy containing a wide range of chemical
compounds such as fructose, glucose, gallic acid, cinnamic acid, ferulic acid,
kaempferol, etc. that provide positive health effects (White, 1996). The unique
chemical and biochemical compounds of each honey depend on nectar and pollen
of the flower (Jennifer, 2013). The main components of honey include sugar and
water, with lower contents of organic acids, enzymes, amino acids, proteins, minerals,
elements, aroma compounds, and phenolic compounds. Phenolic compounds in
honey are transferred to honey via the different parts of plants such as nectar or
pollen, and they were mostly studied in the biological, chemical, agricultural, and
medical aspects (Erejuwa et al., 2012; Santos-Buelga, 2017). They have also been
used as chemotaxonomic markers in plant systems and provided various
pharmacological benefits such as antioxidant, antidiabetic, antibacterial, anticancer,
anti-inflammatory, gastroprotective, cardioprotective, and wound healing properties
(Baruah, 2011; Pasupuleti et al, 2017). On the other hand, the honey has been
established as a potential therapeutic antioxidant agent for various biodiverse

ailments (Ahmed et al., 2018).

High-performance liquid chromatography (HPLC) is one of the powerful
analytical methods typically used for honey characterization of different floral origins.
However, HPLC requires specialists to operate, costly instrument and high solvent
consumption. Therefore, thin-layer chromatography (TLC) is an alternative method
for authentication of honey samples because it provides simpler operation, faster
analysis time and lower cost of chemicals and equipment. In addition, another
advantage of TLC over HPLC is that TLC can be used for determination of both

phenolic compounds and antioxidant activity by reacting with Folin-Ciocalteu



reagents (FCR) and 2, 2-diphenyl-1-picrylhydrazy radical (DPPHs), respectively.
Therefore, it is interesting in this work to develop small-scale method using TLC for
determination of profile and antioxidant activity of phenolic compounds in Thai

honey from different flora sources.

1.2. Literature Review

TLC can be applied to separate and identify phenolic and other chemical
components in honey samples with different botanical origins by comparing the
characteristic retention factors (Ry) after TLC separation. The results are normally
obtained under UV light at wavelengths of 254 and 366 nm or can be observed by
naked eyes after derivatization of phenolic compounds with different reagents. These
processes result in spot/band characteristics of each compound. Phytochemical
compositions of honey are varied with different geographic origins, time of harvest,
processing approaches, storage conditions, collecting bee species, and potential

interactions between different constituents and enzymes.

In previous work on TLC analysis of honey, the following separation
mechanism approaches were reported, Cgreverse phase TLC (RP-TLC) for
determination of flavonoids in sunflower honeys [4], silica gel-normal phase high-
performance TLC (NP-HPTLC) for fingerprint and identification of typical bands of
non-sugar honey constituents of different floral origins (Locher et al., 2017), and NP-
HPTLC for determination of polyphenols for differentiation of various honey and

detection of the adulterations (Stanek & Jasicka-Misiak, 2018).

Prior to TLC or HPTLC analysis, sample preparation is required to extract
target compounds and remove non-target compounds that may interfere with
detection of target compounds. For fingerprint and identification of typical bands of
non-sugar honey constituents (Locher et al., 2017), direct solvent extraction was
reported using dichloromethane to extract and concentrate the target analyte
amounts with the polar species (sugar) separated out of the honey into the aqueous

phase. For the work on identification of flavonoids from sunflower honey (Sabatier,



1992), alkaline hydrolysis and solvent extraction was used by the following steps: (i)
alkaline hydrolysis with a NaOH solution, under nitrogen gas, adjusted to pH 2 with
HCl, (i) extraction of hydrolysates with ethyl acetate and treat the resulting solution
with a 0.5 M NaHCO; solution, and (iii) separation of ethyl acetate extract and
evaporation of ethyl acetate to obtain residual flavonoids prior to TLC analysis. In
addition, solid-phase extraction (SPE) with Amberlite XAD-2 polymeric adsorbent
(Stanek & Jasicka-Misiak, 2018) was reported for sample preparation of honey to
determine polyphenols using (i) conditioning an SPE column with methanol and
acidified water, (ii) loading the honey sample diluted with acidified water, (iii)
removing all sugar and other polar compounds in the honey sample with acidified
water and then neutral distilled water, and (iv) eluting polyphenol from the sorbent

with methanol.

Sillica gel HPTLC separation for fingerprint and identification of typical bands
of non-sugar honey constituents was performed using 6:5:1 v/v toluene:ethyl-
acetate:formic acid as mobile phase (Locher et al., 2017). Then the separated
compounds were detected with UV wavelength at 254 and 366 nm, and the vanillin
was sprayed in order to obtain derivatized compounds with different colors for
fingerprint of honey sample. The characteristic bands of Jarrah honey were observed
with R of 0.54, 0.61, and 0.68 at 254 nm, R; of 0.51 at 366 nm and R;of 0.55 and 0.75

at 254 nm as the characteristic bands of Manuka honey.

RP-TLC separation for flavonoids in sunflower honey (Sabatier, 1992) was
carried out using 1.0 M acetic acid solution in 60%v/v methanol as the mobile phase.
After spraying the TLC plate with 5% aluminum chloride in ethanol, the flavonoid
detection was obtained using UV light at a wavelength of 366 nm. Based on different
R¢ and colors of the TLC spots, seven flavonoids could be separated and analyzed as

shown in Table 1.1.

Sillica gel HPTLC separation of polyphenols in honey samples was performed
using 5:4:1 v/v/v chloroform: ethyl-acetate: formic acid as a mobile phase.

Visualization of polyphenols was obtained under the UV light at wavelengths of 254



and 366 nm before and after spraying the TLC plate with 1% methanolic
2-aminoethyl diphenyl borate. By comparison of the band colors and R with that of
the available standards, the following polyphenols were identified, chlorogenic acid,
gallic acid, caffeic acid, ferulic acid, p-coumaric acid, rosmarinic acid, ellagic acid,
3,4-dihydroxybenzoic acid, abscisic acid, myricetin, and chrysin. The high performance
thin-layer chromatography (HPTLC) results showed differences in the chemical

compositions of the honey extracts with different origins.

Table 1. 1 Identification of sunflower honey flavonoids by RP-TLC.

Spot appearance UV light (366 nm)
R¢ Compound identified (class)
after spaying with AlCl,

0.4 Yellow quercetin (flavonol)
0.36 green-yellow pinobanksin (flavanonol)
0.26 Yellow kaempferol (flavonol)
0.19 Green pinocembrin (flavanone)
0.15 dark-yellow chrysin (flavone)

0.12 Yellow galangin (flavonol)

0.06 dark-yellow tectochrysin (flavane)

In additional pervious work on detection of phenolic compounds after TLC
separation and spraying with a 20% sodium carbonate solution (Dinakaran et al.,
2019), direct derivatization of phenolic compounds in marketed polyherbal products
with the FCR reagent on a TLC plate was reported. The blue zones of the phenolic
compounds were observed on the TLC plate. Each spot concentration was
determined according to calculated peak area using a photo-documentation
chamber (Camag Reprostar 3). Phenolic compound profiles of polyherbal products
were also correlated with the anti-diabetic properties. Thus, HPTLC fingerprints are

useful for quality control of prepared formulation as shown in Table 1.2.



Table 1. 2 HPTLC data profiles of DBC, DMV.

R¢ value of the
Sample Peak area Identified compound
characteristic spot

DBC Gallic acid & Kaempferol
0.54 & 0.73 7176.8 & 21693.4

(Alcoholic extract) derivatives

DMV Gallic acid & Kaempferol
0.56 & 0.74 3084.4 & 21883.6

(Alcoholic extract) derivatives

DBC

0.53 1380.8 Gallic acid derivatives

(Aqueous extract)

DMV Gallic acid & Kaempferol
0.55&0.73 7469.7 & 7461.5
(Aqueous extract) derivatives

DBC = Poly herbal tablet formulation 1
DMV = Poly herbal tablet formulation 2

Furthermore, TLC was used to investigate antioxidant activity via the reaction
between the antioxidant compound and DPPHs on a TLC plate (Jesionek et al., 2015;
Wang et al,, 2012). Antioxidant properties of the component of plant extracts were
assessed using TLC-DPPHe (Jesionek et al., 2015). R¢ values of the spots obtained from
the TLC-DPPHe analysis of antioxidant components in plant extracts were compared
with polyphenolic standards (quercetin, apigenin, luteolin, apigetrin, cynaroside, rutin,
hyperoside, chlorogenic acid, caffeic acid, and rosmarinic acid). In addition, an
approach for evaluation of antioxidant activity of bamboo leaves extracts was
developed using the TLC-DPPHs method combined with image processing (Wang et
al,, 2012). The antioxidant activity of bamboo leaves can be compared based on
their total peak areas obtained from the image processing method. In addition, TLC
has been used for quantitative analysis of the incubated reagents and sample
mixtures loaded onto a TLC plate. The half-maximal inhibitory concentration (ICs)
result was then obtained according to the concentration of sample which contributes

to half of the maximum valve at complete DPPHs reduction (CSCs) as observed via



the increasing color intensity of yellow color. The CSCs, can then be approximated
from the color intensity vs concentration graph at the sample concentration showing
the highest Ao vae/ Deoncentration- (Akar et al., 2017). However, the method still
applied considerably large sample volumes and long incubation period before the
analysis.

Thus, this work provided the developed small-scale method to determine
profile and antioxidant activity of Thai honey samples obtained from different flora
sources. The experiments consist of 1) TLC separation approach for characterization
of the samples and qualitative analysis of antioxidant and phenolic compounds and
2) colorimetric approach on a TLC plate for quantitative analysis of antioxidant
activity and total phenolic compound content has not been reported for

determination of the analytes in honey samples.

1.3. Aim and Scope

This work is aimed to develop and validate thin-layer chromatography for
determination of phenolic compound profile and antioxidant activity of Thai honey
from different flora sources.

The possible phenolic compounds in Thai honey from different floras and
sources with solvent extraction will be identified using HPLC, and then TLC separation
approach will be used for characterization of the samples and qualitative analysis of
antioxidant and phenolic compounds. In addition, a developed colorimetric approach
on a TLC plate will be performed for quantitative analysis of antioxidant activity and
total phenolic compound content. Their antioxidant activities and phenolic content
will also be investigated using the two different chemical testing methods (DPPHs and
FCR reagents) on TLC plates. The results will be photographed and analyzed with
Image processing software (ImageJ) in order to perform qualitative and quantitative
analysis. Finally, the developed TLC based techniques will be validated with UV-Vis

spectrophotometer.



CHAPTER Il
THEORY

2.1 Honey

In general, honey is divided into two categories; floral and honeydew honeys.
Floral honey is made mostly from flower nectar, whereas honeydew honey is made
by bees after collecting aphid or other plant sap-sucking insects' secretions, which

pierce plant cells, absorb plant sap, and then emit it again.

Honey is a naturally sweet product that is one of the most widespread use as
an ingredient in food, cosmetics, medicinal products, and nutritionals. Honey, as well
known, is a source of energy that contains macro- and microelements and several
other compounds that exhibit properties favorable for human health (White, 1996).

The main components of honey are show in Table 2.1.

Table 2. 1 Chemical composition of Honey.

Chemical composition Amount min-max % (w/w)
Carbohydrates
Monosaccharides 70-80%
Disaccharides 7-8%
Oligosaccharides 1-2.0%
Water 13-26%

Phenolic compounds
Phenolic acids 1-4%
Flavonoids 1-2%

Proteins, vitamins, amino acid, minerals, Etc Trace amounts




2.1.1 Phenolic compound

Phenolic compounds in honey (including volatile phenols, phenolic
acids, and polyphenols) can be classified into two main families: phenolic acids and
flavonoids (Figure 2.1). These compounds are transferred to honey via the different
parts of plants such as nectar or pollen, and they were mostly studied in the
biological, chemical, agricultural, and medical aspects (Erejuwa et al., 2012; Santos-

Buelga, 2017).

Phenolic acids

COOH R, R, Ri Ry O
4-hydroxybenzoic H H
Protocatechuic H OH OH
Rs R, Gallic OH OH
OH Vanillic H OCH, Ro
Benzoic acid Syringic OCH; . OCH, Other acid
0 R, R
Ro N oH Cinnamic H H R, R, R,
p -Coumnaric OH H Phenylacetic H H
Rf Caffeic OH OH Mandelic H H OH
Cinnamic acid Ferulic OH  OCH, Homogentisic OH OH H
Flavonoids
Rl. 2 R3 R4
Hesperetin H H OCH, OH
Pinoncembrin OH OH H H
Naringenin OH OH OH H
Rl. z RS
Chrysin H H H
Apigenin H OH H
Luteolin OH OH H
Tricetin OH OH OH
Rl RZ RS
Galangin H H H
Kaempferol H OH H
Quercetin OH CH H
Isorhamnetin OCH, OH H R, R, R,
Myricetin OH OH OH  Pinobanksin H

Flavanols

Figure 2. 1 Structures of the principal phenolic acids and flavonoids described in

honey. Adapted from Erejuwa et al., 2012; Santos-Buelga, 2017.



Phenolic compounds in honey have been used as chemotaxonomic
markers in plant systems as well as providing the benefits of human health (e.g. anti-

bacterial, anti-cancer and antioxidant).

Anti-bacterial: Honey provides antibacterial effect which is stemmed
from its methylglyoxal components. In addition, these compounds greatly help to
alleviate halitosis. Honey can thus help to heal damaged cells by stimulating the

formation of granulation tissue.

Anti-cancer: Honey exhibits anticancer properties via antioxidant or
pro-oxidant mechanisms which are selectively dependent on the state of oxidative
stress in the cancer cells. When cancer growth is rapid under high levels of reactive
oxygen species (ROS), honey acts as an antioxidant to prevent cancer cell growth by
minimizing oxidative stress and scavenging the ROS. On the other hand, at low levels
of ROS, it will act as a pro-oxidant and promotes cancer cell growth by further
generation of ROS and maximizing oxidative stress. Thus, the effects of honey on

cancer cell death are different under various conditions.

Anti-inflammatory: Honey can heal damaged cells by stimulating the
formation of granulation tissue. Honey coats inside the lining of the throat, killing

harmful germs, as well as relaxing the throat at the same time.

Metabolism and Cardioprotective: Health of the metabolic and
cardiovascular systems against epinephrine-induced heart abnormalities and
vasomotor dysfunctions. Natural wild honey also has cardioprotective and
therapeutic effects. Honey consumption was linked to a considerable reduction in
metabolic and cardiovascular disease risk variables. Honey has cardioprotective
properties such as vasodilation, vascular homeostasis, and lipid profile

improvements.

Antioxidant: Honey's antioxidant and antibacterial qualities aided in
the reduction of persistent cough and improved sleep for both children and adults
after honey consumption (2.5 ml). In addition, a study found that honey has been

used remedy for pneumonia 82.4% when compared with other natural products.
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Furthermore, the antioxidant activities of honey can also promote good effects on
human health such as soothing pain, balancing liver systems, and neutralizing toxins

in liver, inhibiting cancer cell growth and etc. (Pasupuleti et al., 2017)

Wound healing: Honey is a safe natural substance, effective in the
inhibition of bacterial growth and the treatment of a broad range of wound types,
including burns, scratches, diabetic boils (skin abscesses associated with diabetes),
malignancies, leprosy, fistulas, leg ulcers, traumatic boils, cervical and varicose ulcers,
amputation, burst abdominal wounds, septic and surgical wounds, cracked nipples,

and wounds in the abdominal wall (Tashkandi, 2021).
2.1.2 Thai honey

Thailand is the 2" largest honey producer in Southeast Asia and the 36"
in the world. Honey has been one of the main agricultural products exports. Longang,
wild flower and lychee honey are the three main varieties of floral honey produced in
Thailand. The northern part of Thailand, such as Chiang Mai, Lamphun and Lampang, is
where the majority of Thailand's beekeeping takes place (Duangphakdee & Rod-im,
2022).

2.2 Determination antioxidants

Antioxidants are molecules with free radical scavenging property donating
electrons to neutralize rampaging free radicals. These antioxidants delay or inhibit
cellular damage (Lobo et al., 2010). DPPHe assay is one of the most popular and
frequently employed antioxidant assays. As seen in Figure 2.2, the reaction can be
performed by mixing a sample with DPPHe reagent, and then the A-H sample acts as
an antioxidant donating electrons or hydrogen atoms. The DPPHs color changes from
purple to yellow of the reduced form. The method is rapid, simple, efficient and
considerably inexpensive. However, it requires a UV-Vis spectrophotometer or a
HPLC instrument (Edwards & Alexander, 2017) for determination of color change at
the wavelength of 517 nm, and antioxidant activities are reported as ICsy. Such

techniques require specialists, costly instrument and high solvent consumption.
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NH
O,N Nno, + ATH O,N NO, T A
NO, NO,
Purple Yellow

Figure 2. 2 DPPHs. free radical inhibition reaction with a sample (A-H).
Reproduce from Pisoschi et al., 2009

2.3 Determination of total phenolic compounds

Total phenolic compounds can be determined using phenolic compounds in
a complex sample interaction with phosphomolybdate (Mo) and phosphotungstate
(W) in the FCR reagent (Blainski et al,, 2013). As shown in Equation 2.1, phenolic
compounds reduce the Mo and W ions, and a color change from yellow to blue is

observed by measuring absorption of blue color at a wavelength of 760 nm.

Mo%*, We* + e (Phenolic compound) =2 Mo, W** (Complex) (2.1)

Yellow Blue (A, = 760 nm)

2.4  Thin-Layer Chromatography (TLC)

TLC is one of the basic chromatography methods for both the identification
and determination of chemical components in various samples. It is possible to
handle both pure and crude extracts, and the equipment is simple and inexpensive.
Additionally, results can be acquired quickly. The general detection method in TLC is
based on the unique hue of chemicals contained in samples that emerge on the

spot. In case of a colorless spot, a TLC plate is sprayed with a detecting reagent to
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generates visible spot after chemically reacting with the component to be identified

(Lau, 2001).

TLC results are reported in form of a R; value, calculated by Equation 2.2,
that depends on solubility and absorbed of solvent (mobile phase) and absorbent
(TLC plate). The R value can be used to identify an unknow compound by

comparing with a standard compound.

Solvent front

Spot Distance travelled

=

by solvent fron
C Distance travelled by solvent front (cm)
R.= (2.2)
Distance travelled by component (cm)

Distance travelled
by component

Origin

2.5 High Performance Liquid Chromatography (HPLC)

HPLC has been widely used for separation of non-volatile compounds in
various samples such as pharmaceutical, food, and environmental samples (Gika et
al,, 2016). Figure 2.3 shows a diagram of HPLC which consists of mobile phase,

pump, column, sample injector, detector and data processing.

L]
A B J * Detector
[ —-_— ‘)
P
Mobile phase ump
(I :
i
| Waste
—_— )
Sample injector Data processing

Figure 2. 3 Schematic diagram of HPLC. Adapted from Czaplicki, 2013.
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The injector is a part of HPLC instruments to transport a sample
solution to an HPLC column inlet. The mobile phase is a solution (single or
constantly mixed solution) that transports analytes to a separation column and then
delivers the separated compounds to a detector. Pumps are used to mix solvents
from mobile phase reservoirs and drive a mobile phase into a column to reach the
detector. The HPLC column, an important component, is used to separate
constituent compounds of a sample before going to the detector. The analytes are
separated by selective distribution between mobile phase and stationary phase
coated on packing material inside the column. The concept of HPLC detector is used
to detect and identify separated compounds eluted from an HPLC column outlet.
The electrical signal represents the amount of each analyte. In addition, detection
sensitivity depends on concentration and compatibility of analytes. Traditional HPLC
detectors popularly used include UV-Visible, fluorescence and mass spectrometer

(Choudhary, 2008).

2.6 UV-Visible spectrophotometer

UV-Vis spectrophotometer, a type of absorption spectrophotometer, is used
for a sample containing compounds that absorb light in ultraviolet to visible region.
This absorption is related to the species' transition from a ground to an excited state.
The wavelength of absorption is higher when less energy is required for this
transition, and lower when more energy is required (Holmes-Hampton et al., 2014).
Figure 2.4 shows a diagram of UV-Vis spectrophotometer and the mechanism by

which it separates light absorbed from a sample.

The radiation source for this optical system is a deuterium-discharge lamp
(emits light from 190-800 nm range) for ultraviolet wavelengths and a tungsten lamp
(emits light from 370-1100 nm range) for visible and short wave near-infrared
wavelengths. Both light sources are optically combined and utilize a common axis to
the source lens, which forms a single collimated light beam. This beam travels

through the shutter/stray light filter, then through the sample and finally reaches the
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spectrograph lens and slit. The lens disperses light onto the diode array by a

holographic grating, allowing access to all wavelength data (Djomehri, 2012).

Deuterium

Shutter/stay lamp

Light filter
’ Tungsten
lamp
Source Source
lens lens
Grating  Slit .
Cuvette
(Sample area)
Photodiode
array

Figure 2. 4 Schematic diagram of UV-Vis spectrophotometer. Adapt from Djomehri, 2012

2.7 Limit of detection (LOD) and Limit of quantification (LOQ)

Limit of detection (LOD) is defined as the lowest concentration of a
compounds that can be measured (detected) with statistical significance by employing

a given analytical procedure.

Limit of quantification, LOQ stands for the smallest amount or the lowest
concentration of a substance that is possible to be determined by utilizing a given

analytical procedure with the established accuracy, precision, and uncertainty.



CHAPTER IlI
EXPERIMENTAL

3.1 Chemical

Formic acid, dichloromethane (CH,Cl,), ethanol (EtOH), methanol (MeOH),
acetic acid (CH;COOH) was sourced from Merck (Darmstadt, Germany) with
acetonitrile (ACN) and toluene from J.T. Baker (New Jersey, USA), magnesium sulfate
anhydrous (MgSO,4) from Panreac (Barcelona, Spain), 2, 2-diphenyl-1-picrylhydrazyl
(DPPHs) from TCL (Tokyo, Japan), and vanillin, L-ascorbic acid (LA), sodium carbonate
(Na,CO3), gallic acid (GA) and Folin-Ciocalteu (FCR) from Sigma-Aldrich (St. Louis, MO,
USA).

Standards for HPLC analysis were purchased from Sigma-Aldrich (St. Louis,
MO, USA): caftaric acid, gallic acid, homovanillic acid, hydrocaffeic acid, kaemferol,
protocatechuic acid, ethyl 3, 4-dihydroxybenzoate, quercetin, resveratrol, sinapic
acid, syringic acid, trans-cinnamic acid, vanillic acid. The following standards were
purchased TCl (Tokyo, Japan): (--epicatechin, (+)-catechin hydrate, 2, 5-dihydroxybenzoic
acid, benzoic acid, caffeic acid, caffeine, chlorogenic acid, ferulic acid, ethyl gallate,
m-hydroxybenzoic acid, myricetin, nicotinic acid, p-coumaric acid, p-hydroxybenzoic

acid, rutin trinydrate.

TLC silica gel 60 Fjsq aluminum sheets (20 x 20) cm were purchased from
Merck (Darmstadt, Germany). The vanillin reagent was prepared by dissolving 1 ¢ of
vanillin in 200.0 mL of ethanol, followed by the dropwise addition of 5.0 mL of
concentrated sulfuric acid in ice bucket (E.A. Bell, 1980). The DPPHe spraying reagent
was prepared by dissolving 0.2 g of DPPHe in 100.0 mL of ethanol (Cie$la et al., 2012).

Botanical origins of honey samples used in this work include longan, lychee,
wild flower, and coffee. The honey samples are located at Fora bee farm and Shupa
farm, Chiangmai. Table 3.1 shown information of honey samples including botanical

origin, supplier origin, manufactured date and sample ID.
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Table 3. 1 Honey samples origin and sample ID

Botanical origin Supplier origin, manufactured date Sample ID
Longan honey Fora bee farm, Chiangmai, 26" Feb 2018 LON1
Longan honey Supha farm, Chiangmai, 15" Mar 2018 LON2
Lychee honey Fora bee farm, Chiangmai, 19" Feb 2018 LYN1
Lychee honey Supha farm, Chiangmai, 26" Feb 2018 LYN2
Wild flower honey Fora bee farm, Chiangmai, 16" Jan 2018 WIF1
Wild flower honey Supha farm, Chiangmai, 12" Feb 2018 WIF2
Coffee honey Fora bee farm, Chiangmai, 16" May 2017 COF

3.2 Honey Extraction

In order to remove sugar causing complicated matrix and concentrating the
analytes, 10 g honey was dissolved in 10.0 mL of deionized water and extracted
three times with 25.0 mL of CH,Cl,. The organic extract was dried with MgSO,
anhydrous and then filtered (Locher et al., 2017). The solvent was evaporated under
N, gas using an automated evaporator (TurboVap® Classic LV automated evaporation

system, Biotage).

3.3 Identification of possible phenolic compounds crude honey using HPLC

Crude honey extracts were taken up in 1.0 mL of 50%v/v ACN/milli Q water
for HPLC analysis, and then 0.5 ¢ of honey was dissolved in 0.5 mL of milli Q water

used as the control sample.

HPLC analysis was performed using Agilent Technologies 1260 Infinity series.
The chromatographic separation was performed using an Agilent poroshell 120 SB-
C18 column, 4.6 mm x 100 mm, 1.8 um particle size. The mobile phase consisted of

0.1%v/v CH;COOH/deionized water (A) and 0.1%v/v CH;COOH/ACN (B). The gradient
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was from 8 to 100 %v/v B over 32 min. The flow rate of mobile phase was set at 1.0
mL min™ and the injection volume of 10 uL was used. UV-Vis detector (DAD WR) at
wavelength of 254, 270 and 365 nm were used for detection of phenolic

compounds. Results are demonstrated in Section 4.1.

3.4 Separation and characterization of crude honey using TLC
3.4.1 Study of suitable mobile phase ratio for TLC separation

Crude honey extracts were dissolved in dichloromethane 100.00 pL.
2 uL of the sample was loaded onto the TLC plate (10x6.6 cm) and separated by
using different mixtures of toluene-ethyl acetate-formic acid; 3:8:1, 5:6:1, 10:1:1

(v/v/v), as the mobile phases. Results are given in Section 4.2.1.
3.4.2 Characterization

Crude honey extracts 8 mg were dissolved in dichloromethane 100.00
uL. After that, 2 uL of the sample was loaded onto the TLC plate (10x6.6 cm) and
separated by using mobile phase toluene-ethyl acetate-formic acid, 5:6:1 (v/v/v). The
results are obtained under the UV wavelengths of 254 nm and 366 nm, respectively.
After photographing the results, each plate was derivatized by spraying with the
vanillin reagent using a TLC g¢lass sprayer (CT laboratory). The plate was heated at
110 °C for 5 to 10 min and then detected by naked eyes and photographed using the
smartphone's camera (12 megapixels resolution). Results are depicted in Section

4.2.1.

3.5 Qualitative analysis
3.5.1 TLC-DPPH- assay

Crude honey extracts around 3-4 mg were dissolved in CH,Cl, 100.00
uL, and then 2 pL of sample was loaded onto the TLC plate (10x6.6 cm) and
separated using toluene-ethyl acetate-formic acid, 5:6:1 (v/v/v), as the mobile phase.

Each plate was derivatized with 0.2%v/v DPPHs/EtOH. After spraying, the plate was
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kept in darkness and photographed for a period of time at 0.5, 1 and 2 h. Any
antioxidant compound is shown as a yellow spot on a purple background. Results

are shown in Section 4.2.2.
3.5.2 TLC-FCR reagent test

Crude honey extracts around 5 mg was dissolved in 100.00 uL of
CH,CL,. After that, 2 uL of sample was spot onto a TLC plate (10x6.6 cm). Toluene-
ethyl acetate-formic acid, 5:6:1 (v/v/v), was used as the mobile phase. Each plate
was derivatized with 7% Na,COs, let it dry and then the plate was sprayed with FCR
reagent, finally, the plate was heated at 110 °C for 5 min. Any phenolic compound is

shown as a dark blue spot. Results are given in Section 4.2.3.

3.6 Quantitative analysis
3.6.1 Antioxidant activity

LA and DPPHe reagent were separately weighted and dissolved these
in 50% ACN/EtOH to give each standard stock solution at 1.00 mg/mL of LA and 0.79

me/mL of DPPHe reagent.

Appropriate amounts of the LA stock solution at 1.00 mg/mL were
pipetted and diluted in 50% ACN/EtOH to give working standard solutions of LA at
0.05, 0.10, 0.15, 0.20, 0.25 and 0,30 mg/mL.

Appropriate amounts of the DPPHe stock solution at 0.79 mg/mL were
pipetted and diluted in 50% ACN/EtOH to give working solutions of DPPHs at 0.02,
0.05, 0.10, 0.20, 0.39 and 0.79 mg/mL.

3.6.1.1 TLC-DPPH- assay

Each LA working standard solution of 16 uL was mixed with 24
pL of 0.79 mg/mL DPPHe reagent. The mixed solution was kept in darkness for 15

min. Then 2 pL of each mixed solution in triplicate spots were separately loaded on
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a TLC plate (7x12 cm), and then each DPPHs working solution at 2 pL in triplicate
spots were separately loaded on the same TLC plate. The TLC plate was detected
by photographing using the smartphone's camera (12 megapixels resolution) under a

portable photography light box.

3.6.1.2 Data analysis

From experiment in Section 3.6.1.1, after the TLC plate was
photographed, a picture was processed by using imageJ software. The results were
optimized by measuring 4 colors including red, green, blue and grey. The color
intensity value was obtained by averaging area of each spot. A linear calibration plot
was established by plotting between the color intensity values and the
concentrations of working DPPHe solution spots (0.02 to 0.79 mg/mL). This is
performed in order to obtain the amount of DPPHe remaining in each sample. This
concentration was converted into percent inhibition for each sample. Relationship
between the percent inhibition and the concentrations of samples was then

established to the ICs, value. Results are shown in Section 4.3.1.2.

3.6.1.3 Time effect

Time effect of solution stability was optimized by mixing 16 pL
of each LA working standard solution with 24 pL of 0.79 mg/mL DPPHs reagent. The
mixed solution was kept in darkness for 5 to 30 min. Then 2 pL of each mixed
solution in triplicate spots were separately loaded on a TLC plate (7x12 cm) and
then each DPPHe working solution at 2 pL in triplicate spots were separately loaded
on the same TLC plate. TLC plate was detected by photographing using the
smartphone's camera for 0 to 30 min after the latest spot was spotted on TLC plate.
The red value was used to compare the different periods to study the time effect.

Results are demonstrated in Section 4.3.1.3.

3.6.1.4.Method validation

Due to the small amount of honey sample LON1, UV-Vis
analysis of antioxidant activity of LON1 and LA was determined using HPLC
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instrument (Agilent 1260 infinity) coupled with a UV-Vis detector (1260 DAD WR)
without a column (Edwards & Alexander, 2017), along with applying 50% ACN/EtOH
as HPLC mobile phase with a flow rate of 0.200 ml/min for 1 min and DAD WR

detection at wavelength of 517+4 nm.

Appropriated amounts of honey sample LON1 were separately
weighted and dissolved these in 50% ACN/EtOH to given working solutions at 1, 3, 5,
10, 15 and 20 mg/mL. Each honey sample working solution or LA working standard
solution of 160 uL was mixed with 240 pL of 0.79 mg/mL DPPHe reagent. The mixed
solution was kept in darkness for 30 min. Then 2 pL of each mixed solution in
triplicate was injected into HPLC. The DPPHs working solution (0.02 to 0.79 mg/mL) of
2 L in triplicate was injected into HPLC.

A linear calibration plot was established by plotting between
the area under curve and the concentration of DPPHe working solution (0.02 to 0.79
mg/mL). This is performed in order to obtain the amount of DPPHs remaining in each
sample. This concentration was converted into percent inhibition for each sample.
In addition, the relative standard deviation value (RSD) for %lInhibition of LA and
LON1 at different concentration were calculated to compare between TLC- DPPHe

and the UV-Vis method. Results are given in Section 4.3.1.4.

3.6.1.5.Application and real sample

Honey sample working solutions were separately weighted and
dissolved these in 50% ACN/EtOH to give each solution at 1, 3, 5, 10, 15 and 20
mg/mL of LON, 1, 5, 10, 15, 20 and 25 mg/mL of LYN, WIF and 5, 10, 15, 20, 25 and
30 mg/mL of COF.

Each honey samples working solution or LA working standard
solution of 16 uL was mixed with 24 pL of 0.79 mg/mL DPPHs reagent. The mixed
solution was kept in darkness for 15 min. Then 2 pL of each mixed solution in
triplicate spots were separately loaded on a TLC plate (7x12 cm), and then each

DPPHe working standard solution at 2 pL in triplicate spots were also separately
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loaded on the same TLC plate. The TLC plate was detected by photographing using
the smartphone's camera under a portable photography light box. Results are

depicted in Section 4.3.1.5.
3.6.2 Determination of total phenolic compounds

GA was separately weighted and dissolved these in 50% ACN/EtOH to

give each standard stock solution at 1.00 mg/mL.

Appropriate amounts of the GA stock solution at 1.00 mg/mL were
pipetted and diluted these in 50% ACN/EtOH to give working standard solutions of
GA at 0.03, 0.05, ,0.07, 0.10, 0.15, and 0.20 mg/mL.

3.6.2.1 TLC-FCR reagent test

Each GA working standard solution of 40 uL was mixed with 5
uL of FCR reagent. Then 10 uL of 7% Na,CO; was added into the mixed solution
before 25 pL of MeOH was added into the mixed solution. After that the resulting
solution was centrifuged using mini centrifuge (hi-speed vortex mini centrifuge AMC-
V1, ACT Gene, Inc.) for 5 min. Then 2 pL of each mixed solution in triplicate spots
were separately loaded on a TLC plate (7x3.5 cm). The TLC plate was detected by
photographing using the smartphone's camera (12 megapixels resolution) under a

portable photography light box.

3.6.2.2 Data analysis

From experiment 3.6.2.1, after the TLC plate was
photographed, a picture was processed by using imagel software. The results were
optimized by measuring the blue value. The color intensity value was obtained by
averaging area of each spot. A linear calibration plot was generated by plotting
between the concentration (0.03 to 0.20 mg/mL) and the color value of mixed
solution spots. This is performed in order to obtain amount of Mo (VI) reduced to Mo

(V) and provide the blue spot. Results are revealed in Section 4.3.2.2.
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3.6.2.3 Time effect

Time effect of color value of solution stability on TLC plate
was optimized by mixed 40 uL of each GA working standard solution with 5 pL of
FCR reagent. Then 10 pL of 7% Na,CO; was added into the mixed solution before 25
uL of MeOH was added into the mixed solution, after that centrifuged for 5 min.
Then 2 pL of each mixed solution in triplicate spots were separately loaded on a TLC
plate (7x3.5 cm). After that photographed for 0-30 min after the latest spot was
spotted on the TLC plate. The blue value was used to compare the different periods

to present the time effect. Results are shown in Section 4.3.2.3.

3.6.2.4 Method validation

Honey sample working solutions were separately weighted and

dissolved these in 50% ACN/EtOH to give 70 mg/mL of each honey sample.

Each GA working standard solution or honey sample working
solution of 40 uL of was mixed with 5 uL of FCR reagent, the solution was mixed
with 10 pL of 7% Na,CO; and then 500 uL of MeOH was added into the mixed
solution, after that centrifuged using mini centrifuge for 5 min. The solution was
detected by using UV-Vis spectrophotometer (Agilent/HP 8453) at a wavelength of
760 nm. Relative standard deviation value (RSD) of total phenolic compounds of
each honey sample were calculated to compare between TLC-FCR and the UV-Vis

method. Results are demonstrated in Section 4.3.2.4.

3.6.2.5 Application in the real samples

Honey sample working solutions were separately weighted and

dissolved these in 50% ACN/EtOH to give 7 mg/mL of each honey sample.

Each GA working standard solution (0.03 to 0.20 mg/mL) was
mixed with was mixed with 5 pL of FCR reagent, the solution was mixed with 10 plL
of 7% Na,COs, next added 25 uL of MeOH and centrifuged for 5 min. Then 2 uL of

each mixed solution in triplicate spots were separately loaded on a TLC plate
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(7x3.5 cm). Each honey sample working solution (7 mg/mlL) was done in an
experiment as same as GA working standard solution. The resulting spots were
photographed and their blue color intensity values were recorded. The value of each
sample was converted to the concentration of total phenolic compounds in each
honey sample that related to amount of GA, total phenolic compounds in samples

were presented in form of mg GA/g sample. Results are given in Section 4.3.2.5.



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Identification of possible phenolic compounds crude honey using HPLC
From Section 3.3, HPLC was used for separation analysis of each honey
sample after the LLE extraction in order to investigated the possible phenolic
compounds in the samples by comparing with standard phenolic compounds. The
peaks in HPLC chromatogram of each honey samples were identified according to
comparison of their retention time and UV spectra with those of the available 28
standards analyzed under the same conditions. The results are summarized in Table
4.1. The HPLC chromatograms of each extracted honey sample are shown in Figure

B-1-28 in Appendix-B).
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Table 4. 1 Results of phenolic compounds in crude honey obtained from HPLC.

RT Honey extract
Standard compounds

(min) | LON1 LON2 LYN1 LYN2 WIF1 WIF2 COF
1 | Nicotinic acid 1.4 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
2 | Gallic acid 1.7 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
3 | Caftaric acid 2.5 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
4 | Protocatechuic acid 3.0 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
5 | 2,5-dihydroxybenzoic acid 3.7 n.d. n.d. n.d. n.d. Match | Match n.d.
6 | Chlorogenic acid 4.8 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
7 | p-Hydroxybenzoic acid 4.8 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
8 | (+)-Catechin hydrate 53 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
9 | Hydrocaffeic acid 55 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
10 | Caffeine 5. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
11 | Vanillic acid 6.2 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
12 | m-Hydroxybenzoic acid 6.6 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
13 | Caffeic acid 6.7 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
14 | Homovanillic acid 6.9 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
15 | Syringic acid 7.0 n.d. n.d. n.d. n.d. n.d. Match n.d.
16 | (-)-epicatechin 8.2 Match | Match | Match | Match n.d. n.d. n.d.
17 | Ethyl callate 10.1 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
18 | p-Coumaric acid 10.9 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
19 | Ferulic acid 12.6 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
20 | Sinapic acid 13.2 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
21 | Benzoic acid 13.4 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
22 | Rutin trihydrate 14.0 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
23 | Ethyl 3, 4-dihydroxybenzoate 15.8 n.d. n.d. n.d. n.d. Match | Match n.d.
24 | Myricetin 16.8 n.d. n.d. Match | Match n.d. n.d. Match
25 | Resveratrol 17.8 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
26 | trans-Cinnamic acid 18.8 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
27 | Quercetin 18.9 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
28 | Kaemferol 20.1 n.d. n.d. n.d. n.d. n.d. n.d. n.d.

4.2 TLC separation approach for characterization of crude honey

4.2.1 The conventional TLC method

According to Section 3.4.2, Figure B-29 in Appendix-B shows typical

TLC fingerprints of the honey extracts obtained from different botanical origins using
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different mobile phase compositions. Toluene-ethyl acetate-formic acid, 5:6:1 (v/v/v)
was found to provide better separation with good distribution of the spots along with
the TLC plate based on all the detection approaches. Major bands of these honey

samples are shown in Table 4.2.

This mobile phase was thus selected for further uses as well as for the

TLC-DPPHe assay and TLC-FCR methods below.

Table 4. 2 R; of honey samples after TLC separation using the conventional detection

approaches.
Spot position
Sample
Under 254 nm Under 366 nm After derivatized with vanillin
R¢ 0.13 (blue)*, 0.42 (yellow), R¢ 0.40 (orange), 0.47 (green), 0.53 (purple),
R; 0.45, 0.53 and
LON1 0.48 (yellow)*, 0.61 (blue) and 0.58 (purple), 0.64 (yellow)* and 0.92
0.62
0.85 (blue) (purple)
R¢ 0.13 (blue)*, 0.42 (yellow), Rr 0.40 (orange), 0.47 (green), 0.53 (purple),
R; 0.45, 0.53 and
LON2 0.48 (yellow)*, 0.61 (blue) and 0.58 (purple), 0.64 (yellow)* and
0.62
0.85 (blue) 0.92 (purple)
R 0.45, 0.53 and R¢ 0.42 (yellow), 0.51 (yellow), R¢ 0.40 (orange), 0.47 (green), 0.52 (brown),
LYN1
0.62 0.61 (blue) and 0.85 (blue) 0.60 (purple) and 0.92 (purple)
R 0.40 (orange), 0.47 (green), 0.52 (purple),
R 0.45, 0.53 and R¢ 0.42 (yellow), 0.51 (yellow),
LYN2 0.58 (green) *, 0.60 (purple) and
0.62 0.61 (blue) and 0.85 (blue)
0.92 (purple)
R 0.45, 0.53 and R¢ 0.30 (yellow)*, 0.51 (yellow), R¢ 0.47 (green), 0.51 (yellow)* and
WIF1
0.62 0.61 (blue) and 0.85 (blue) 0.92 (purple)
R¢ 0.45, 0.53 and R¢ 0.30 (yellow)*, 0.51 (yellow), R¢ 0.47 (green), 0.51 (yellow)* and 0.92
WIF2
0.62 0.61 (blue) and 0.85 (blue) (purple)
Rr 0.28 (yellow)*, 0.41 (yellow),
R¢ 0.45, 0.53 and R¢ 0.40 (orange), 0.47 (green), 0.51 (purple),
COF 0.51 (yellow), (yellow), 0.61
0.62 0.60 (purple) and 0.92 (purple)
(blue) and 0.85 (blue)

* characteristic spots of each honey sample.

* LON = longan, LYN = lychee, WIF = wild flower, and COF = coffee.
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From Table 4.2, All honey sample fingerprints cloud not be
differentiated under 254 nm, while the fingerprints were clearly different with the
characteristic spots observed under 366 nm or by naked eyes after the vanillin
derivatization. The sample obtained from the same floral showed similar fingerprints

e.g. LON1 and LON2 regardless of the supplier sources

After separation, Longan honey samples (LON1 and LON2) showed the
characteristic spots at Rr of 0.13 (blue) and 0.48 (yellow) (also detected at 366 nm
without the derivatization) and at R¢ of 0.64 (yellow). Lychee honey samples (LYN1
and LYN2) showed the characteristic yellow spots at R of 0.58. Wild flower honey
samples (WIF1 and WIF2) showed the characteristic yellow spots at R; of 0.30 (yellow)
and 0.51 (yellow). The first spot could also be detected at 366 nm without the
derivatization. Coffee honey samples (COF) showed the characteristic yellow spots at
R: 0.28 (also detected at 366 nm without the derivatization). This study showed the
TLC capability to visualize and classify the honey samples with different botanical

origins and to identify the common spots among these samples.
4.2.2 TLC-DPPHe assay

From Section 3.5.1, the antioxidant compounds in the honey extracts
after TLC separation were detected according to 0.2%v/v DPPHe/EtOH dying. As shown
in Figure B-30 in Appendix-B, the result showed the color change from purple
(background) to yellow spots of expected antioxidant compounds obtained using
different reaction time. The result in Figure 4.1 and Table 4.3 showed that 2 h
reaction provided the brighter yellow spots of the antioxidant compounds. This
implies the possibility of qualitative examination of antioxidant spots of the honey
extracts. According to the optimal reaction time, the spot R; values in Table 4.3 were
calculated for each sample as indicated by the yellow circles on the TLC plate in

Figure 4.1.
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Figure 4. 1 TLC photographs of the crude honey extracts after separation and dying

with 0.2%v/v DPPHe; LON = longan, LYN = lychee, WIF = wild flower and

COF = coffee; where 1 and 2 come from Foral bee and Supha farms, respectively.

Table 4. 3 R; of antioxidant spot of each honey sample.

Sample Antioxidant spot position
LON1 R¢ 0.55, 0.61 and 0.90
LON2 R¢ 0.55, 0.61 and 0.90
LYN1 R¢ 0.60, 0.74 and 0.90
LYN2 R¢ 0.60, 0.74 and 0.90
WIF1 R 0.52, 0.61 and 0.90
WIF2 R:0.52, 0.61 and 0.90
COF R¢ 0.55, 0.61 and 0.90

LON = longan, LYN = lychee, WIF = wild flower, and COF = coffee.
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4.2.3 TLC-FCR reagent test

According to Section 3.5.2, the FCR reagent was used to screen for the
phenolic compounds in the honey extracts. After TLC separation, the reagent was
sprayed on a TLC plate. The colors of the phenolic compound spots were observed in

dark blue as indicated by the circles in Figure 4.2.

Figure 4. 2 TLC photograph of the crude honey extracts after separation and dying
with the FCR reagent, LON = longan, LYN = lychee, WIF = wild flower and

COF = coffee; where 1 and 2 come from Foral bee and Supha farms, respectively.

The R; values of phenolic compound spots of each sample were
calculated and documented in Table 4.4. According to these qualitative results, the
developed approach showed an alternative technique for differentiation of phenolic
compounds in the samples especially for LYN1 (3) and LYN2 with the additional
spots with R; of 0.71.
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Table 4. 4 R; of phenolic compound spots of each honey sample.

Sample Phenolic compound spot
LON1 R: 0.58, 0.64 and 0.89
LON2 R: 0.58, 0.64 and 0.89
LYN1 R: 0.58, 0.64, 0.71 and 0.89
LYN2 R 0.58, 0.64, 0.71 and 0.89
WIF1 R 0.59, 0.64 and 0.89
WIF2 R: 0.59, 0.64 and 0.89
COF R: 0.59 0.64 and 0.90

LON = longan, LYN = lychee, WIF = wild flower, and COF = coffee.

4.3 Colorimetric approach on a TLC plate

4.3.1 Determination of antioxidant activity

4.3.1.1 TLC-DPPHe- assay

This study develops small scale TLC-DPPHe method for
analysis of antioxidant activities of the samples on a TLC plate. As mentioned in
Section 3.6.1.1, the method was performed without TLC separation, fastening the
analysis time with the capability to load many samples within each analysis and
requiring only 2 pL for each sample. The same sample could be loaded several

times to repeat the analysis.

4.3.1.2 Data analysis

From experimental in Section 3.6.1.2 and results in Section
4.3.1.1, data analysis was evaluated by using ImageJ software. The four-color modes
of grey, blue, green, and red were investigated for the antioxidant compounds with
different concentrations as shown in Figure 4.3. It can be seen in Figure 4.3 that all
the color scales, especially, red and green scales showed similar signal of yellow
spots of LA working standard solution reacted with DPPHe. The red scale was chosen

in this study.
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Figure 4. 4 Experimental results of 3 repeated spots of (A) each DPPHe working

solution on TLC plate (B) linear calibration plot between color value and

concentration of DPPHs working solution (C) spots of each LA working standard

solution and the DPPHs reagent on TLC plate and (D) linear calibration plot between

%inhibition and concentration of LA working standard solution. The letters A to F in

(B) indicate the corresponding average color values in (A) and G to L in (D) indicate

%inhibition obtained from the corresponding average color values in (C).
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As shown in Figure 4.4A, average color values of DPPHs
working solution on TLC plate (A to F) was converted a linear calibration plot of y = -
76.811x + 169.06 with R? of 0.97 for determination of %Inhibition in Figure 4.4B. This
was used for calculation of the average color values of DPPHe remaining in the
mixture after the reaction with LA in Figure 4.4C. From Figure 4.4D and Equation
4.1, %lInhibition was then calculated from the remaining DPPHe described in
Equation 4.2, compared with the starting amount of y = 388.21x - 0.376 with R* of
0.98. ICso can then be calculated from Equation 4.3, obtained from the plot in

Figure 4.4D and approximating the concentration at inhibition of 50%.

DPPH remaining

%Inhibition = e x 100 (a.1)
O.79TDPPH°
ysample_CDPP*"'
DPPH remaining = =" (4.2)
MpppH-
5O'Csampte
|C o) (4.3)
Msample

y, ¢, and m in Equation 4.1-4.4, obtained from linear

calibration plot of DPPHe or sample.

4.3.1.3 Effect of reaction time

According to experimental in Section 3.6.1.3 and results in
Section 4.3.1.1, Figure 4.5 shows the effect of reaction time of LA reacted with
DPPHe reagent and stability of mixed solution on a TLC plate. Although reaction time
of 5 min was sufficient for the reaction time between each sample and DPPH. (e.g.
see the color value data for LA/DPPHe solutions at different concentrations in Figure
4.5A), longer reaction time of 15 min was applied in this study. This allowed more

samples to react with DPPHe and could be analyzed within the same TLC plate. It is



33

noted that the loading time also increased with more samples. In addition, the
starting reaction times progressively increased with the number of samples and all
the samples experienced the same total reaction time of 15 min before loading onto
the plate. However, the maximum sample number to be analyzed within the same
plate was limited by stability of DPPHs on the TLC plate shown in Figure 4.5B
represented by the color intensity after loading each sample on to the plate. This
was experimentally observed for DPPHe/L-ascorbic acid solutions at different
concentrations loaded on a TLC plate with the significantly increasing color intensity

value (decreasing DPPHs concentration) after 15 min.
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Figure 4. 5 Plots of color intensity value vs concentration of LA reacted with DPPHs
reagent with the solutions left at different time before loading onto a TLC plate and
being photographed (A) and the solutions left onto the TLC plate at different time
before being photographed (B).
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4.3.1.4 Method validation

The TLC-DPPHe results were validated by comparison with
direct UV-Vis analysis using the HPLC instrument with the UV-Vis detector at
wavelength 517 nm but without a separating column as mention in Section 3.6.1.4.
The HPLC instrument was used due to the limited amount of sample available in this
study, which allowed automatic injection of 2 pL of sample solution per each
analysis. An example of the HPLC chromatogram of DPPHe is shown in Figure 4.6,

while that of each sample at different concentrations Figure B-31-33 in Appendix-B.

2500 4
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500 A

0.0 0.2 0.4 0.6 0.8 1.0
Time (min)

Figure 4. 6 Chromatogram of DPPHs reagent.

The developed TLC-DPPHe method was found to correlate
well with the HPLC result. LA and LON1 were used for validation of the results. The
correlation plots for %inhibition results obtained from TLC-DPPHs and HPLC methods
showed the R’ values of 0.98 for LA in Figure 4.7A and 0.95 for LON1 sample in
Figure 4.7B at different concentrations. The correlation in Figure 4.7B was further

used to correct the %inhibition below.
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Figure 4. 7 Correlation between %inhibition obtained with the developed TLC-DPPHe
and HPLC methods for (A) LA (B) LON1 at different concentration. The linear
equations in (A) and (B) are y = 2.2073x - 76.864 (R* 0.98) and y = 4.0683x - 135.22

(R* 0.95) respectively.

From TLC-DPPHe and UV-Vis methods in Section 3.6.1.2 and
linear calibration plots as shown in Figure 4.4, Table 4.5 shows an RSD comparison
of TLC-DPPHe and UV-Vis methods. Experimental RSD values from TLC-DPPHe were

obtained in a range of 0.80-3.1% for 0.05-0.25 mg/mL LA, 1.3-3.9% for 3-20 mg/mL
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LON1 and 9.0% for 1 mg/mL LON1. Although the worse RSD result of TLC-DPPHe than
UV-Vis was obtained, all experimental RSD values from TLC-DPPHs falls in the
acceptable criteria value of 2199 9 where C in a Horwitz equation is the
concentration analyte expressed as dimensionless mass fraction (Horwitz & Albert,

2019).

Table 4. 5 Validation parameter of %inhibition of LA and LON1 using UV-Vis and TLC-
DPPHe methods of RSD (n = 3)

Concentration of %RSD
Acceptable RSD (%)
LA (mg/mL) UV-Vis TLC-DPPH.
0.05 0.41 0.80 25
0.10 0.35 1.0 23
0.15 0.50 1.3 21
0.20 0.14 2.2 20
0.25 0.40 3.1 20
0.30 0.32 1.5 19
Concentration of RSD (%)
Acceptable RSD (%)
LON1 (mg/mL) UV-Vis TLC-DPPH-
1 0.57 9.0 16
3 0.47 323 14
5 0.13 1.4 13
10 0.17 1.2 11
15 0.24 3.9 11
20 0.25 1.3 10

As experiment previously mentioned in Section 4.3.1.1, linear
calibration plot of LA was plotted, LOD and LOQ were calculated from the Equation
4.4 and 4.6. This LOD definition is now abandoned by IUPAC due to resulting in an
underestimation. According to the modern IUPAC recommendation, LOD is defined as

the minimum analyte concentration that can be discriminated from the blank,
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controlling the risks of false positive and false negative, and therefore, may be

expressed by Equation 4.4.

33S 1
LOD= A”y /1+h0+— (4.0)
/

A is the slope of a linear plot between the signal against the
analyte concentration, S, is the residual standard deviation, / is the number of
calibration samples, and hy, is the leverage for the blank sample as described in

Equation 4.5.

-2
Ceal

h0:

Z!:l (Ci'ccal)2

Where ¢, is the mean calibration concentration, and ¢ is the

calibration concentration i.

Similar concepts also apply to LOQ calculation with the factor
of 10 instead of 3.3 in Equation 4.4, to ensure a maximum relative prediction

uncertainty of 10 as given in Equation 4.6 (Olivieri, 2015).

10 S 1
LOQ= A”y /1+h0+7 (4.6)

the LOD and LOQ data obtained from the analysis of different

concentration levels of LA (n = 3) are 0.010 and 0.030 mg/mL, respectively.
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4.3.1.5 Application for the honey sample analysis

From Section 3.6.1.5, the developed method was used for determination of
%inhibition of the honey extract samples at different concentrations. The %inhibition
vs concentrations of each sample is shown in Figure 4.8A with the plot of 3
repeating spots of each sample at different concentrations provided in Figure A1-A9
in Appendix-A and the corresponding experimental result provided in Figure 4.8B.
Good linearity ranges were observed with the R? values of > 0.94 for all the sample
curves. As shown in Table 4.5, the result of each sample was converted to ICs,.
There are 4 types of honey samples investigated in this study (longan (LON), lychee
(LYN), wild flower (WIF) and coffee (COF)).
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Figure 4. 8 Corresponding plots of %inhibition vs concentration of each sample (A)

was converted from spots of honey extracts reacted with DPPHs reagent (B).
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All the samples were produced in the same province. The
antioxidant properties appear to be more strongly affected by the botanical origin
than the supplier sources. For the same manufactured date, the antioxidant activities
were in the order of Longan > Lychee > Wild flower. Coffee honey showed the

lowest ICs, probably due to the coffee flower origin or the oldest shelf life.

Table 4. 6 ICs5, detected by the developed TLC- DPPHe method with standard deviation

(n = 3) in the honey samples.

Sample IC50 (Mg/mL)

LA 0.13 £ 0.01
LON1 8.9 +0.2

LON2 9.0+£0.2

LYN1 221+ 0.6
LYN2 18.9 + 0.4
WIF1 12.6 £ 0.2
WIF2 13.7 £ 0.2
COF 226 +24

LON = longan, LYN = lychee, WIF = wild flower, and COF = coffee.

4.3.2 Determination of total phenolic compounds

4.3.2.1 TLC-FCR

This study develops small scale TLC-FCR method for analysis of
total phenolic compounds of the samples on a TLC plate. As mentioned in Section
3.6.2.1, the method was performed without TLC separation, fastening the analysis time
with the capability to load many samples within each analysis and requiring only 2 pL
for each sample. The same sample could be loaded several times to repeat the
analysis. According to Figure 4.9A, the spots of phenolic compounds reacted with FCR

were observed with the blue color as shown in Figure 4.9A
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4.3.2.1 Data analysis

From Figure 4.9B, according to Image) software, the blue scale
was chosen for detection of the blue color of Mo (V) which is the reaction marker as
mention in Section 3.6.2.2. The example calibration curve plotted between color
value and concentration (mg/mL) of GA, as a representative of total phenolic

compounds.
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Figure 4. 9 Experimental results of 3 repeated spots of (A) honey samples
(7 mg/mL) and GA at different concentrations with the corresponding plot of (B) color
value vs concentration of GA at different concentrations. The linear equation is

y = 0.2024x + 4.2946 (R* of 0.96).
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4.3.2.1 Effect of reaction time

Figure 4.10 shows the intensity color of mixed solution
between GA and FCR at various concentrations and times after loading onto the TLC
plate as mention in Section 3.6.2.3. The intensity color represented the instable
signal of each mixed solution because FCR reagent are highly sensitive to light.
Therefore, it should be tested in a dark room and immediately collected the color

after loading the last spot on the TLC plate to prevent signal loss.
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Figure 4. 10 Plots of color intensity value vs concentration of GA reacted with FCR
reagent with the solutions left after loading onto a TLC at different time before being

photographed.

4.3.2.2 Method validation

The method was validated by using UV-Vis spectrophotometer.
Each GA standard solution in triplicate were detected at a specific wavelength of
760 nm as mention in Section 3.6.2.4. The developed TLC-FCR method was found
to correlates well with the UV-Vis methods result. GA was used for validation of the

results. The correlation between color value and absorbance results of GA solutions
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at the same concentrations obtained from the developed TLC-FCR (Figure 4.9B) and
UV-Vis methods were plotted in Figure 4.11. The result showed the correlation with
the R” of 0.98. It should be noted that the developed approach enables the effective

detection of total phenolic compounds.
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Figure 4. 11 Correlation between color value and absorbance obtained from the
developed TLC-FCR and UV-Vis methods of GA at different concentrations with the
linear equation of y = 43.193x + 4.0502 (R* of 0.99).

Table 4. 7 Validation parameter of absorbance and color value of GA using UV-Vis

and TLC-FCR methods of RSD (n = 3)

Concentration of GA UV-Vis TLC-FCR
Acceptable RSD (%)
(mg/mL) Absorbance Color value
0.03 25 0.23 27
0.05 16 0.43 25
0.07 6.9 0.21 24
0.10 7.8 0.52 23
0.15 4.3 0.42 21

0.20 7.4 0.65 20
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From experimental in Section 3.6.2.4, and linear calibration
plots as shown in Figure 4.9B, Table 4.7 shows an RSD comparison of TLC-FCR and
UV-Vis methods. Experimental RSD values from TLC-FCR were obtained in a range of
0.21-0.65%. RSD results of TLC-FCR showed better than UV-Vis method in the

acceptable criteria value of a Horwitz equation.

As experiment previously mentioned in Section 4.3.1.1, linear
calibration plot of GA was plotted, LOD and LOQ were calculated from the equation
4.4 and 4.6. The LOD and LOQ data obtained from the analysis of different

concentration levels of GA (n = 3) are 0.016 and 0.049 mg/mL, respectively.

4.3.2.3 Application in the real samples

From Section 3.6.2.5, the developed method was used for
determination of total phenolic compound contents of the honey extract samples at
concentration of 7 mg/mL. Color value vs concentrations of GA is shown in
Figure 4.9 with good linearity range was observed with the R 0.95. The result of each
sample was converted to mg GA/ ¢ extract as shown in Table 4.6. There are 4 types of
honey samples investigated in this study (longan (LON), lychee (LYN), wild flower (WIF)
and coffee (COF)). All the samples were produced in the same province. The total
phenolic compound content appears to be more strongly affected by the botanical
origin than the supplier sources. According to the result, total phenolic compound
contents were the highest in wild flower 2 and followed by longan 2, coffee, longan 1,
wild flower 1, and lychee2, respectively (WIF2>LON2>COF>LON1>LYN1>WIF1>LYN2).
The developed approach allows sufficient quantitative analysis of total phenolic

compounds in the real samples.
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Table 4. 8 Total phenolic compounds detected by the developed TLC-FCR method

with standard deviation (n = 3) in the honey samples.

Sample Total phenolic compounds (mg GA/g extract)

LON1 6.3 +0.7
LON2 127 +0.2
LYN1 1.2+04
LYN2 09+0.2
WIF1 1.2+04
WIF2 14 +1

COF 9.6 +1.0

LON = longan, LYN = lychee, WIF = wild flower, and COF = coffee.



CHAPTER V
CONCLUSION

This work is aimed to develop and validate thin layer-chromatography based
approach for separation of the chemical components and determination of
antioxidant activity and total phenolic compound contents of Thai honey samples
obtained from different flora sources (LON1, 2 = longanl, 2, LYN1, 2 = lycheel, 2
WIF1, 2 = wild flowerl, 2, and COF1 = coffee; where 1 and 2 come from Foral bee
and Supha farms, respectively). All the samples were extracted with
dichloromethane followed by the solvent evaporation in order to enrich the
extracted compound concentrations. Then, the extracts were investigated with TLC
separation detected with different approaches to obtain the sample fingerprints
which could differentiate the samples from different sources. Furthermore, the
colorimetric approach on TLC plates was performed to quantify antioxidant activity
and total phenolic compound contents. The developed TLC based techniques were

then validated with the UV-Vis spectrophotometer.

For the TLC separation analysis, the honey extracts showed the characteristic
spots for different botanical origins with the suitable mobile phase solution of
toluene-ethyl acetate-formic acid, 5:6:1 (v/v/v) and then detected by naked eyes
under the wavelength of 254 and 366 nm or use of the vanillin, DPPHe and FCR
reagents. The R; analysis could differentiate the samples especially for LYN samples
with the disappeared antioxidant spots with R < 0.6 and the additional antioxidant

and phenolic compound spots with R; of 0.7.

The colorimetric approaches on TLC plates were successfully applied for
determination of antioxidant activity and total phenolic compound contents of the
extracted samples using Image) software for the data processing. The analyses
consume <100 pL of the sample, reagent and solvent with the total analysis time of
30 min in order to obtain the antioxidant activity or total phenolic compound

content for each sample. The analyses reveal that the antioxidant activities were
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observed to be more strongly affected by the botanical origins. With the same
manufactured date, the antioxidant activities were in the order of Longan > Lychee >
Wild flower. In addition, total phenolic compound contents were the highest in wild
flower 2 followed by longan 2, coffee, longan 1, wild flower 1, and lychee 2,

respectively.

Finally, this work successfully demonstrated simple, small-scale, and low-cost
approaches for analysis of chemical profile, antioxidant activity, and total phenolic
compound contents of Thai honey samples with different flora sources. The
developed approach is expected to be applicable as an alternative “green”

analytical process for other food analyses in the future.
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Figure A- 1 Corresponding plots of color value vs concentration of DPPHe reagent at
different concentration was converted from repeated spot. The linear equations in
spot 1,2and 3arey =y = -76.811x + 169.06 (R* 0.97), y = -78.201x + 169.96 (R* 0.97)
and y = -77.096x + 170.19 (R* 0.98), respectively.
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Figure A- 2 Corresponding plots of %inhibition vs concentration of LA was converted
from spots of LA reacted with DPPHs reagent at different concentration. The linear
equations in spot 1, 2 and 3 are y = 375.11x + 1.0485 (R* 0.98),

y = 389.08x - 0.6851 (R* 0.98) and y = 400.85x - 1.5922 (R* 0.97), respectively
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Figure A- 3 Corresponding plots of %inhibition vs concentration of LON1 was
converted from spots of LON1 reacted with DPPHe reagent at different concentration.
The linear equations in spot 1, 2 and 3 are y = 4.0487x + 12.31 (R? 0.99),

y = 4.134x + 12.85 (R* 0.98) and y = 4.2433x + 12.353 (R* 0.98), respectively.
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Figure A- 4 Corresponding plots of %inhibition vs concentration of LON2 was
converted from spots of LON2 reacted with DPPHe reagent at different concentration.
The linear equations in spot 1, 2 and 3 are y = 3.9984x + 12.767 (R* 0.98),

y = 4.1849x + 11.817 (R 0.98) and y = 4.3255x + 11.337 (R* 0.97), respectively.
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Figure A- 5 Corresponding plots of %inhibition vs concentration of LYN1 was
converted from spots of LYN1 reacted with DPPHe reagent at different concentration.
The linear equations in spot 1, 2 and 3 are y = 2.0674x + 2.4376 (R* 0.98),

y = 2.1755x + 1.3178 (R? 0.98) and y = 2.2585x + 0.9666 (R* 0.98), respectively.
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Figure A- 6 Corresponding plots of %inhibition vs concentration of LYN2 was
converted from spots of LYN2 reacted with DPPHe reagent at different concentration.
The linear equations in spot 1, 2 and 3 are y = 2.608x - 1.1002 (R* 0.97),

y = 2.7625x - 2.1664 (R? 0.96) and y = 2.8721x - 4.1267 (R* 0.98), respectively.
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Figure A- 7 Corresponding plots of %inhibition vs concentration of WIF1 was
converted from spots of WIF1 reacted with DPPHe reagent at different concentration.
The linear equations in spot 1, 2 and 3 are y = 2.6248x + 12.851 (R* 0.97),

y = 2.7465x + 11.73 (R* 0.97) and y = 2.8017x + 11.197 (R* 0.98), respectively.
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Figure A- 8 Corresponding plots of %inhibition vs concentration of WIF2 was
converted from spots of WIF2 reacted with DPPHe reagent at different concentration.
The linear equations in spot 1, 2 and 3 are y = 2.6888x + 15.42 (R* 0.94),

y = 2.8405x + 13.605 (R? 0.94) and y = 2.8551x + 14.235 (R* 0.94), respectively.
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Figure A- 9 Corresponding plots of %inhibition vs concentration of COF was
converted from spots of COF reacted with DPPHe reagent at different concentration.
The linear equations in spot 1, 2 and 3 are y = 2.1102x - 2.2439 (R* 0.99),

y = 2.1927x - 3.062 (R* 0.99) and y = 2.1752x - 1.9658 (R* 0.99), respectively.
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Figure B- 1 HPLC chromatogram of LON1 at wavelength 254 nm.
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Figure B- 2 HPLC chromatogram of LON1 at wavelength 270 nm.
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Figure B- 3 HPLC chromatogram of LON1 at wavelength 365 nm.
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Figure B- 4 Overlay HPLC chromatogram of LON1 at 3 wavelengths.
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Figure B- 5 HPLC chromatogram of LON2 at wavelength 254 nm.
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Figure B- 6 HPLC chromatogram of LON2 at wavelength 270 nm.
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Figure B- 7 HPLC chromatogram of LON2 at wavelength 365 nm.
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Figure B- 8 Overlay HPLC chromatogram of LON2 at 3 wavelengths.
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Figure B- 9 HPLC chromatogram of LYN1 at wavelength 254 nm.
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Figure B- 10 HPLC chromatogram of LYN1 at wavelength 270 nm.
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Figure B- 11 HPLC chromatogram of LYN1 at wavelength 365 nm.
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Figure B- 12 Overlay HPLC chromatogram of LYN1 at 3 wavelengths.

55



30
25 -
20 4

2
< 15 4
£

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 3
Time (min)

Figure B- 13 HPLC chromatogram of LYN2 at wavelength 254 nm.
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Figure B- 14 HPLC chromatogram of LYN2 at wavelength 270 nm.
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Figure B- 15 HPLC chromatogram of LYN2 at wavelength 365 nm.
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Figure B- 16 Overlay HPLC chromatogram of LYN2 at 3 wavelengths.
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Figure B- 17 HPLC chromatogram of WIF1 at wavelength 254 nm.
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Figure B- 18 HPLC chromatogram of WIF1 at wavelength 270 nm.
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Figure B- 19 HPLC chromatogram of WIF1 at wavelength 365 nm.
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Figure B- 20 Overlay HPLC chromatogram of WIF1 at 3 wavelengths.
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Figure B- 21 HPLC chromatogram of WIF2 at wavelength 254 nm.
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Figure B- 23 HPLC chromatogram of WIF2 at wavelength 365 nm.
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Figure B- 24 Overlay HPLC chromatogram of WIF2 at 3 wavelengths.
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Figure B- 25 HPLC chromatogram of COF at wavelength 254 nm.
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Figure B- 26 HPLC chromatogram of COF at wavelength 270 nm.
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Figure B- 27 HPLC chromatogram of COF at wavelength 365 nm.
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Figure B- 28 Overlay HPLC chromatogram of COF at 3 wavelengths.
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Figure B- 29 TLC results of the crude honey extracts detected at 254 nm (A), 366 nm
(B), and the photograph after the vanillin derivatization (C). Mobile phase: toluene-
ethyl acetate-formic acid, 3:8:1 (MP1), 5:6:1 (MP2), 10:1:1 (v/v/v) (MP3).
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Figure B- 30 TLC photographs of the crude honey extracts with 0.2%v/v DPPH; LON1 (1),
LYN1 (2), COF (3), WIF1 (4), LON2 (5), LYN2 (6) and WIF1 (7) at different reaction time.
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Figure B- 31 HPLC chromatogram of DPPHe reagent at different concentration.
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Figure B- 32 HPLC chromatogram of LA react with DPPH. at different concentration.



63

2500 -
mAU [DPPH] 0.79 mg/L
2000 1 mAU [LON1] 1000 mg/L
2 1500 4 mAU [LON1] 3000 mg/L
< —mAU [LON1] 5000 mg/L
1000 - —mAU [LON1] 10000 mg/L
—mAU [LON1] 15000 mg/L
500 - —mAU [LON1] 20000 mg/L
0 > : . . .
0.0 0.2 0.4 0.6 0.8 1.0
Time (min)

Figure B- 33 HPLC chromatogram of LON1 react with DPPHe at different

concentration.



REFERENCES

Ahmed, S., Sulaiman, S. A, Baig, A. A, lbrahim, M., Liagat, S., Fatima, S., Jabeen, S,
Shamim, N., & Othman, N. H. (2018). Honey as a Potential Natural Antioxidant
Medicine: An Insight into Its Molecular Mechanisms of Action. Oxidative
medicine and cellular longevity, 2018, 8367846-8367846.

Akar, Z., Kucuk, M., & Dogan, H. (2017). A new colorimetric DPPH(s) scavenging activity
method with no need for a spectrophotometer applied on synthetic and natural
antioxidants and medicinal herbs. J Enzyme Inhib Med Chem, 32(1), 640-647.

Baruah, J. B. (2011). Chemistry of Phenolic Compounds: State of the Art (Chemistry
Research and Applications) (J. B. Baruah, Ed.). Nova Science publishers.

Blainski, A., Lopes, G. C., & de Mello, J. C. P. (2013). Application and analysis of the folin
ciocalteu method for the determination of the total phenolic content from
Limonium brasiliense L. Molecules (Basel, Switzerland), 18(6), 6852-6865.

Choudhary, A. (2008). Pharmaceutical Guidelines. Different HPLC detectors used in
analysis of different types of samples having different chemical nature.

CieSla, k., Kryszeﬁ, J., Stochmal, A., Oleszek, W., & Waksmundzka-Hajnos, M. (2012).
Approach to develop a standardized TLC-DPPH test for assessing free radical
scavenging properties of selected phenolic compounds. Journal of
Pharmaceutical and Biomedical Analysis, 70, 126-135.

Dinakaran, S. K., Chelle, S., & Avasarala, H. (2019). Profiling and determination of
phenolic compounds in poly herbal formulations and their comparative
evaluation. J Tradit Complement Med, 9(4), 319-327.

Djomehri, S. (2012). Diffusive and Mechanical Properties of Biodegradable Alginate Stents.

Duangphakdee, O., & Rod-im, P. (2022). The Benefits of Sustainable Honey Production in
Southeast Asia. Heinrich Boll Stiftung - Southeast Asia Regional Office.

E.A. Bell, B. V. C. (1980). Secondary Plant Products. Springer-Verlag Berlin Heidelberg.

Edwards, A. A, & Alexander, B. D. (2017). UV-Visible Absorption Spectroscopy, Organic
Applications. In J. C. Lindon, G. E. Tranter, & D. W. Koppenaal (Eds.), Encyclopedia of
Spectroscopy and Spectrometry (Third Edition) (pp. 511-519). Academic Press.



65

Erejuwa, O. O., Sulaiman, S. A, & Ab Wahab, M. S. (2012). Honey: a novel antioxidant.
Molecules, 17(4), 4400-4423.

Gika, H., Kaklamanos, G., Manesiotis, P., & Theodoridis, G. (2016). Chromatography: High-
Performance Liquid Chromatography. In B. Caballero, P. M. Finglas, & F. Toldra
(Eds.), Encyclopedia of Food and Health (pp. 93-99). Academic Press.

Horwitz, W., & Albert, R. (2019). The Horwitz Ratio (HorRat): A Useful Index of Method
Performance with Respect to Precision. Journal of AOAC INTERNATIONAL, 89(4),
1095-1109.

Holmes-Hampton, G. P., Tong, W.-H., & Rouault, T. A. (2014). Chapter Fifteen -
Biochemical and Biophysical Methods for Studying Mitochondrial Iron
Metabolism. In A. N. Murphy & D. C. Chan (Eds.), Methods in Enzymology (Vol.
547, pp. 275-307). Academic Press.

Jennifer, K., Asuka, S. and Nobuko, H. (2013). Is honey the same as sugar? Backyards &
beyond: rural living in Arizona, fall, 7(2), 11-13.

Jesionek, W., Majer-Dziedzic, B., & Choma, I. M. (2015). Separation, Identification, and
Investigation of Antioxidant Ability of Plant Extract Components Using TLC, LC-
MS, and TLC-DPPHe. Journal of Liquid Chromatography & Related Technologies,
38(11), 1147-1153,

Lau, E. (2001). 5 - Preformulation Studies. In S. Ahuja & S. Scypinski (Eds.), Separation
Science and Technology (Vol. 3, pp. 173-233). Academic Press.

Lobo, V., Patil, A, Phatak, A., & Chandra, N. (2010). Free radicals, antioxidants and
functional foods: Impact on human health. Pharmacogn Rev, 4(8), 118-126.

Locher, C., Neumann, J., & Sostaric, T. (2017). Authentication of Honeys of Different
Floral Origins via High-Performance Thin-Layer Chromatographic Fingerprinting.
JPC - Journal of Planar Chromatography — Modern TLC, 30(1), 57-62.

Olivieri, A. C. (2015). Practical guidelines for reporting results in single- and multi-component
analytical calibration: A tutorial. Analytica Chimica Acta, 868, 10-22.

Pasupuleti, V. R., Sammugam, L., Ramesh, N., & Gan, S. H. (2017). Honey, Propolis, and
Royal Jelly: A Comprehensive Review of Their Biological Actions and Health

Benefits. Oxid Med Cell Longev, 2017, 1259510.



66

Sabatier, S., Amoit, M.J., Tacchini, M., Aubert, S. (1992). Identification of Flavonoids in
Sunflower Honey. Journal of Food Science, 57(3), 773-774.

Santos-Buelga, C., Gonzalez-Paramas, AM. (2017). Bee products - chemical and
biological properties (J. Alvarez-Suarez, Ed.). Springer.

Stanek, N., & Jasicka-Misiak, I. (2018). HPTLC Phenolic Profiles as Useful Tools for the
Authentication of Honey. Food Analytical Methods, 11(11), 2979-2989.

Tashkandi, H. (2021). Honey in wound healing: An updated review. Open life sciences,
16(1), 1091-1100.

Wang, J., Yue, Y. D, Tang, F., & Sun, J. (2012). TLC screening for antioxidant activity of
extracts from fifteen bamboo species and identification of antioxidant flavone
glycosides from leaves of Bambusa. textilis McClure. Molecules, 17(10), 12297-
12311.

White, J. W. (1996). Honey: A comprehensive survey (Crane, E ed.). Heinemann.



NAME

DATE OF BIRTH

PLACE OF BIRTH

INSTITUTIONS ATTENDED

HOME ADDRESS

PUBLICATION

VITA

PATTRAPORN CHIBPRADIT
25 Sep 1996
Nakhon Sawan

Bachelor of Science (Applied Chemistry), first-class honors
Rangsit University,Pathum Thani

30/2, Moo 1, Wangmai, Wang Somboon, Sakaeo, 27250,
Thailand.

Chobpradit, P., Kulsing C., and Nhujak T. “Development of
small-scale TLC based analysis of antioxidant properties of
Thai honey” Proceeding of the 9th National Conference
(Science and Technology), North Eastern University, Khon

Kaen, Thailand, May 28, 2022, pp 410-419



	ABSTRACT (THAI)
	ABSTRACT (ENGLISH)
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATUINS
	CHARPTER I INTRODUCTION
	1.1. Problem Definition
	1.2. Literature Review
	1.3. Aim and Scope

	CHAPTER II  THEORY
	2.1 Honey
	2.1.1 Phenolic compound
	2.1.2 Thai honey

	2.2 Determination antioxidants
	2.3 Determination of total phenolic compounds
	2.4 Thin-Layer Chromatography (TLC)
	2.5 High Performance Liquid Chromatography (HPLC)
	2.6 UV-Visible spectrophotometer
	2.7 Limit of detection (LOD) and Limit of quantification (LOQ)

	CHAPTER III EXPERIMENTAL
	3.1 Chemical
	3.2 Honey Extraction
	3.3 Identification of possible phenolic compounds crude honey using HPLC
	3.4 Separation and characterization of crude honey using TLC
	3.4.1 Study of suitable mobile phase ratio for TLC separation
	3.4.2 Characterization

	3.5 Qualitative analysis
	3.5.1 TLC-DPPH• assay
	3.5.2 TLC-FCR reagent test

	3.6 Quantitative analysis
	3.6.1 Antioxidant activity
	3.6.1.1 TLC-DPPH• assay
	3.6.1.2 Data analysis
	3.6.1.3 Time effect
	3.6.1.4. Method validation
	3.6.1.5. Application and real sample

	3.6.2 Determination of total phenolic compounds
	3.6.2.1 TLC-FCR reagent test
	3.6.2.2 Data analysis
	3.6.2.3 Time effect
	3.6.2.4 Method validation
	3.6.2.5 Application in the real samples



	CHAPTER IV RESULTS AND DISCUSSION
	4.1  Identification of possible phenolic compounds crude honey using HPLC
	4.2  TLC separation approach for characterization of crude honey
	4.2.1 The conventional TLC method
	4.2.2 TLC-DPPH• assay
	4.2.3 TLC-FCR reagent test

	4.3  Colorimetric approach on a TLC plate
	4.3.1 Determination of antioxidant activity
	4.3.1.1 TLC-DPPH• assay
	4.3.1.2 Data analysis
	4.3.1.3 Effect of reaction time
	4.3.1.4 Method validation
	4.3.1.5 Application for the honey sample analysis

	4.3.2 Determination of total phenolic compounds
	4.3.2.1 TLC-FCR
	4.3.2.1 Data analysis
	4.3.2.1 Effect of reaction time
	4.3.2.2 Method validation
	4.3.2.3 Application in the real samples



	CHAPTER V CONCLUSION
	APPENDIX-A
	APPENDIX-B
	REFERENCES
	VITA

