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ABSTRACT

PHARMACOGNOSTICAL AND PHYSICOCHEMICAL

INVESTIGATION OF LOCAL COMMERCIAL HONEY

NG CHOI WAN

The demand for honey products in the market is very high due to its medicinal
values. However, honey production is always affected by environmental and
climate factors. Therefore, adulterated and low quality honey can be found in
the market which might not provide expected beneficial health effect or even
bring harmful effect to the consumers. Hence, the main objective of this project
was to investigate the pharmacognostical values and physicochemical
properties of local commercial honey. Based on the result of agar well diffusion
assay, Cameron Highland Wild honey exhibited great antibacterial activity
against... Results obtained were compared with CODEX STAN 12-1981
standard but not all the honey samples was complied with the standards
especially the moisture content, reducing sugar content, sucrose content,
proline level, hydroximethylfurfural level and diastase enzyme level, which

suggested due to the excessive heating of honey samples.
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CHAPTER 1

INTRODUCTION

According to Singh, et al. (2012), honey is a natural sweet liquid produced by
honey bees via modifications of nectar and sweet deposits that collected from
plants. Honey is mainly consisted of sugars as well as water with fructose and
glucose as the main carbohydrate constituents. Besides that, honey contains
several important substances especially the phytochemicals, vitamins and
enzymes that are responsible for the antioxidant properties (Rane and Doke,
2014). Apart from that, several reports showed that natural honey exhibits
broad spectrum antibacterial properties after tested on pathogenic bacteria and
food spoilage bacteria. Thus, the presence of antioxidant and antibacterial
effects makes honey to be classified as a medical natural product (Mandal and

Mandal, 2011).

According to Elflein (2013), due to the arising awareness about the benefits of
honey for human health, it leads public concerns about the quality of honey in
the market. He also stated that there are several marketing factors that affecting
honey quality including the low profit margin and low retail price for
commercial honey blends, increasing market demands for honey supply and

honey supply shortage due to global warming or bee diseases. This causes.....
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CHAPTER 2

LITERATURE REVIEW

2.1 Honey

2.1.1  Introduction

Honey is a highly concentrated product of nectar and sweet deposits from
different floral sources that are modified and stored by the bees in honey
combs (Umarani, et al., 2015). Based on the sources, honey can be classified
into blossom honey that obtained mainly from flower nectars, honeydew honey
that collected from honeydew, or monofloral honey that collected
predominantly from one plant type and finally the multifloral honey with
several floral sources (Alvarez-Suarez, et al., 2014). During honey collection,
nectar was sucked by the bee via insertion of its proboscis into flower nectar.
The nectar collected will pass through esophagus of the bee into thorax and
finally into the abdomen. After that, nectar will be transported into wax
honeycomb cells in the bee hive. Excess water in nectar will be evaporated by
the bee wings in order to maintain the ventilation of bee hive. Lastly the final
product which is the honey with approximately 83% sugar and 17% water is
formed. Although sucrose is the main sugar constituent in nectar, but honey
consists mainly glucose and fructose due to the action of bee enzyme invertase
that breaking down sucrose into simple sugars glucose and fructose (Olaitan,
Adeleke and Ola, 2007).

According to Alvarez-Suarez, et al. (2014), honey is considered as a natural

source of both macronutrient and micronutrient. Other than glucose and
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fructose, there are more than 22 types of sugars found in honey. Besides that,
honey also contains more than 180 types of other substances including amino
acids, enzymes, minerals, proteins, ash, organic acids and phenol compounds.
However, the components and properties of honey vary due to botanical,

geographical and environmental factors (Sohaimy, Masry and Shehata, 2015).

2.1.2  Honey in Malaysia

Several places in Malaysia like Baru Pahat in Johor, Bagan Datuk in Perak,
Kuala Langat and Kuala Selangor in Selangor are the major areas that are
involved in honey production (Haridi, 2010). According to Ismail (2014), total
honey production in year 2008 was 1228 metric tons while the import quantity
in the same year was 6749 metric tons. According to his research, he proposed
that local honey should be used for consumption instead of imported. This is
because certain countries tend to keep high quality honey for their own
population while exporting lower quality honey to other countries. However
this accusation is still under debate. Due to this reason, locals should consider
consuming local honey instead of imported honey for own health concerns and

also to reduce the cost for honey importation.

However according to Lim and Baharun (2009), local honey production is
slowly declining due to massive deforestation in Malaysia that damaging the
natural habitat of bees. Besides that, they also stated that honey production is
affected by rainfall since heavy rain may drain away the floral nectars, thus
diminishing the amount of honey that can be collected. Rainfall also leads to

high humidity in the environment which affecting the ripening of nectar and
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promoting the growth of yeast that affecting the quality of honey. This causing
lower amount of honey production in Malaysia as compared to other countries,
thus importing large amount of honey from Australia, China and United States
is still necessary in order to cope with the market demand in Malaysia (Lim

and Baharun, 2009).

Due to shortage of local honey supply, market retail price for locally produced
honey is usually much higher as compared to imported honey. Both honey
import and export prices in Malaysia were found to be steady in trend with the
overall import price fell in between RM4.62 to RM6.98 per kg and the overall
export price from RM4.65 to RM9.41 per kg in the year of 2000 to 2004. China
was found to be the major honey importer to Malaysia with the lowest price as
compared to Australia, New Zealand and United States. This could be due to
the issue where honey from China was claimed to be contaminated with certain

hazardous antibiotics in 2002 (Lim and Baharun, 2009).

2.2  Antibacterial Properties of Honey

According to Mandal and Mandal (2011), antibacterial properties of honey can
be clearly observed where honey remains unspoiled even after long term of
storage. The medicinal properties of honey has been recently rediscovered by
the medical professions due to the failure of some conventional therapeutic
agents. According to their research, Manuka honey (Leptospermum species)
was found to exhibit antibacterial activities against several pathogenic bacteria
including Staphylococcus aureus, Helicobacter pylori, Enterobacter aerogenes

and Salmonella typhimurium. Apart from that, their study also showed that
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honey was effective against methicillin-resistant S. aureus (MRSA),
B-haemolytic Streptococci and vancomycin-resistant Enterococci (VRE).
Scientific evidences above explained the reason of using honey as an
alternative treatment when conventional therapeutic methods failed to
eliminate infections. However, the antibacterial properties of honey can be
different up to 100-fold due to geographical, botanical and seasonal factors that

affect the physiology of floral sources (Mandal and Mandal, 2011).

Since honey is a product with concentrated sugar solution, therefore its low
water activity is able to inhibit the growth of microorganisms including
bacteria, yeasts and molds. High osmotic pressure of honey causes water
withdrawal from wounds when it is applied topically, thus inhibiting bacterial

growth and preventing further infections (Naama, 2009).

Antibacterial action of honey is mainly due to the action of hydrogen peroxide,
which is a product of glucose oxidase enzymatic reaction. However,
non-peroxide antibacterial properties can be found in honey as well (Irish, Blair
and Carter, 2011). Such honey is known as non-peroxide honey which is able
to express its antibacterial activity even without the presence of hydrogen
peroxide which is advantageous for human as the antibacterial activity will not
be neutralized by the catalase activity in body. One of the non-peroxide
components that is responsible for the antibacterial activity in honey is
methylglyoxal (MGO). Other than hydrogen peroxide and MGO, antimicrobial
peptide bee defensin 1 is also involved in the antibacterial mechanism of honey

(Mandal and Mandal, 2011).
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According to Kwakman, et al. (2011), MGO is present exclusively high in
Manuka honey but certain amount of MGO can also formed from sugars due to
heat treatment or prolonged storage. Dihydroxyacetone (DHA) is a compound
found exclusively in the nectar of Manuka tree whereby it can be converted
into MGO through natural chemical process. However this conversion often
requires three to four years in suitable temperature which is 22 °C (Wearmouth,
2015). Bee defensin 1 is a type of peptide composed of 51 amino acids with
molecular weight of 5.5 kDa. This peptide has prominent antibacterial effect
against Gram-positive bacteria as compared to Gram-negative bacteria. Bee
defensin 1 can be found in most of the honey including Manuka honey with

different quantities (Valachova, Bucekova and Majtan, 2016).

2.3  Antioxidant Properties of Honey

The presence of antioxidants in food product is known as the “fountain of
youth” due to the effects in reducing the risk of many diseases such as stroke,
cancer, cataract, heart problem and in slowing the process of ageing as well
(Khalil, Sulaiman and Boukraa, 2010). As the name proposed, antioxidants are
the compounds that inhibiting oxidation process. Although oxygen is required
for the survival of organisms, but excessive amount of oxygen may form free
oxygen radicals that are toxic to the cells. Therefore, antioxidants are needed to
serve as radical scavengers, which convert reactive radicals to less reactive
form and prevent reaction with body cells to avoid cell damage (Kumar, 2014).
According to Khalil, Sulaiman and Boukraa (2010), phytochemicals such as

polyphenols are the main contributors to the antioxidant effects in honey.
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Polyphenols are consist of flavonoids and phenolic acid, which attributed to the
antioxidant properties of honey together with other constituents such as organic
acids, amino acids, proteins, Maillard reaction products, carotenoid like
compounds, enzyme glucose oxidase and catalase. Amount of phenolic
compounds in honey is usually different according on the botanical and climate
conditions where the plant was located (Khalil, Sulaiman and Boukraa, 2010).
However, bioavailability of polyphenols in human body can be affected by
several factors including the microbiota metabolism, ability of gut absorption,
plasma Kinetics, excretion from urine and many others (Moussa, Saad and

Noureddine, 2012).

The lacking of standardized method for the evaluation of antioxidant activity is
the main reason why several antioxidant assays are needed to examine the
antioxidant capacity of honey (Khalil, Sulaiman and Boukraa, 2010). There are
few antioxidant assays that commonly adopted to assess the antioxidant
capacity of honey including including ABTS assay, DPPH assay, antioxidant
equivalent ascorbic acid content (AEAC) assay and ferric reducing antioxidant
power (FRAP) assay (Khalil, Sulaiman and Boukraa, 2010). ABTS assay
involves 2,2’-azinobis (3-ethylbenzthiazoline-6-sulfonic acid) which is the
ABTS radicals that generated through the reaction between strong oxidizing
agents such as potassium permanganate or potassium persulfate with an ABTS
salt. The radicals are formed in blue-green colour therefore reduction of
radicals by antioxidants that resulting in decrease of colour intensity can be
measured through spectrophotometric method (Shalaby and Shanab, 2012).

Apart from that, DPPH assay is performed by using 2,
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2-diphenyl-1-picrylhydrazyl (DPPH) radicals to evaluate the antioxidant
capacity of honey samples. DPPH is a stable radical with higher absorption at
wavelength of 515 nm. When the radicals being scavenged, the absorption
ability decreased. Such changes can be measured to determine the radical
scavenging activity of antioxidant tested while antioxidant equivalent ascorbic
acid content (AEAC) assay is another antioxidant assay with the similar
principle as DPPH assay but the antioxidant potential is compared with
ascorbic acid content specifically (Shalaby and Shanab, 2012). On the other
hand, ferric reducing antioxidant power (FRAP) assay is a different antioxidant
assay that measuring the ability of an antioxidant to react and reduce the ferric
ion from ferric tripyridyltriazine (Fe**-TPTZ) complex into ferrous ion,
forming blue coloured complex of ferrous tripyridyltriazine (Fe**-TPTZ) that
can be quantified using spectrophotometer (Nishaa, et al., 2012). FRAP assay
is suitable for the measurement of total antioxidants present in most of the
natural products since all antioxidants can react in FRAP assay except for the
compounds with SH containing group such as thiol (Shalaby and Shanab,

2013).

2.4 Physicochemical and Enzymatic Properties of Honey

2.4.1  Introduction

Majority of the honey is mainly composed of glucose and fructose along with
water as the second major component. However, there are other minor
constituents with different quantity that present in honey which can be
employed to categorize honey into different quality level (Shahnawaz, et al.,

2013). On the other hand, artificial honey or adulterated honey can be produced
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from any carbohydrate source that has relative similar range of glucose and
fructose composition with natural honey. Normally such artificial honey will
have similar taste or appearance like natural honey product which making the
artificial product indistinguishable from the real natural product. However,
natural honey is different from artificial honey due to the presence of the minor
constituents. Normally artificial honey is lacking of certain types of
constituents that affect the medicinal value of honey. Therefore, the
physicochemical characterization of honey is important to differentiate
between artificial honey with authentic natural honey. Besides, honey
characterization is also useful to determine the quality of honey as well (James,

et al., 2009).

According to Moniruzzaman, et al. (2013a), there are a few parameters that can
reflect the physicochemical properties of honey including electrical
conductivity, reducing and non-reducing sugars content, diastase activity,
hydroxymethylfurfural (HMF) content, moisture content, ash content and free

acidity.

2.4.2  Colour Intensity and Characteristic

According to National Honey Board (2017), the colour of honey is one of the
features that changes variably due to the differences in botanical origin, period
and condition of storage. Colour of honey ranges from pale yellow to amber,
darkish red amber and to nearly dark brown. Normally honey with lighter
colour comes with milder taste while dark honey has a stronger taste (National

Honey Board, 2017). Colour of honey can be characterized by
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spectrophotometer whereby several parameters can be revealed including
components L*, a* and b*. L* represents the lightness of honey, a* represents
redness while b* indicates yellowness. However, both a* and b* values could
be affected by honey crystallization. The total color difference (AE*) can be
obtained by calculation from these parameters (Zapotoczny, Kawalko and

Bakier, 2010).

On the other hand, colour intensity of honey indicates the level of pigments
present such as carotenoids and flavonoids which are the antioxidants that
responsible for colour formation. Therefore, a strong correlation between
colour intensity with the amount of antioxidants present in honey can be found
(Moniruzzaman, et al., 2013a). Carotenoids are the most predominant pigments
found in honey that mainly responsible for the colour formation in light colored

honey (Algarni, Owayss and Mahmoud, 2016).

2.4.3  Acidity

Honey is a natural product with acidic properties. The pH of honey usually
falls between ranges of 3.2 to 4.5, which is acidic enough to inhibit the growth
of many common pathogens including Escherichia coli, Salmonella,
Pseudomonas aeruginosa and others. Hence, acidity is one of the main
antibacterial factors in undiluted honey (Olaitan, Adeleke and Ola, 2007).
Microbial growth is inhibited at low pH due to the effect of hydrogen ions
concentration gradient. When concentration gradient of hydrogen ions across
the plasma membrane is disrupted, it affects the proton motive force that

responsible for ATP production in cells and therefore normal cellular
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respiration process in bacteria is inhibited (Blamire, 2000). Low pH of honey is
due to the action of glucose oxidase that converts glucose into hydrogen
peroxide and gluconic acid (Kwakman, et al., 2010). Other than inhibiting
bacterial growth, acidic nature of honey causes macrophage stimulation,
enhancing fibroblast and increase oxygenation in wounds. Growth factor
TGF-B which is important for wound recovery was also found to be more

active physiologically in an acidic condition (Alvarez-Suarez, et al., 2014).

2.4.4  Viscosity

According to James, et al. (2009), viscosity can be described as the thickness or
internal friction of fluid. Honey is considered as a thick liquid with low level of
fluidity. Normally, honey with high quality is thicker and more viscous as
compared to lower quality honey. Viscosity of honey is mainly related to its
sugar composition, water together with the colloid content. Colloidal content
contributes to the viscosity while higher water content and fructose level
reduce the viscosity. Therefore the viscosity of each different honey is different
due to the composition (James, et al., 2009). Besides, a correlation was found
between honey viscosity with temperature whereby honey was more viscous in
lower temperature and became more watery when temperature increased

(Gomez-Diaz, Navaza and Quintans-Riveiro, 2009).

2.45  Electrical Conductivity and Total Dissolved Solids
Electrical conductivity is the main parameter for the authentication of unifloral
honey. Higher conductivity value is due to the amount of ash and acid present

in the honey (Moniruzzaman, et al., 2013b). Electrical conductivity can be used
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to differentiate honey with different botanical origins as the mineral content is
different based on the soil where the plant was located. This parameter is
becoming one of the international standard parameters for honey to replace the
measurement of ash content (Zerrouk, et al., 2011). Based on the standard from
Codex Alimentarius Commission (2001), electrical conductivity for most of the
honey should fall below 0.8 mS/cm but honeydew and chestnut honey could be
higher than 0.8 mS/cm. Total dissolved solid is another parameter measuring
both organic and inorganic compounds content in honey regardless in
molecular, ionized or micro-granular suspended form. Since the presence of
trace elements in honey depends on its botanical origin, therefore the
measurement of total dissolved solid is also useful in differentiating honey

from different sources (Sulieman, Abdelhmied and Salih, 2013).

2.4.6  Moisture Content

Water is the second major content of honey other than sugar. Water content in
honey is depending on several factors including the weather, hive humidity
during honey production, nectar, and the treatment given to honey during
extraction process as well as the honey storage condition (Olaitan, Adeleke and
Ola, 2007). The moisture content of honey should not be more than 20%
according to standard from Codex Alimentarius Commission (2001). High
moisture content can change the quality of honey in many aspects including
flavor, preservation, crystallization, specific weight, viscosity and also
responsible for the growth of fermenting microorganisms. Low moisture
content in honey limits the water availability for microbial consumption. This

causes dehydration in the microbes and inhibiting enzyme activity (Stark and
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Firestone, 1995). The growth of microorganisms is found to be more prominent
in honey with higher moisture content that leads to fermentation (Olaitan,
Adeleke and Ola, 2007). Positive correlation was found between moisture
content with acidity because higher water level promotes greater glucose
oxidase activity that producing higher level of gluconic acid (Ananias, Melo

and Moura, 2013).

2.4.7  Water Activity

Water activity is the major factor that responsible for food stability as it is
referring to the unbound water molecules or water that available to support the
growth of microorganisms. In contrast to water activity, moisture content is
referring to the total amount of moisture in honey, including both bound and
unbound water (Nielson, Bilde and Frosch, 2012). Due to the high content of
sugar present in honey, the strong interactions between sugar molecules
causing low amount of water available for microorganisms (Olaitan, Adeleke
and Ola, 2007). Most of the bacteria is inhibited when water activity drops
below 0.75 but it is not sufficient to inhibit the growth of yeasts and molds. The
growth of all microorganisms only can be inhibited when water activity is

below 0.6 (Court, 2006).

The water activity of honey mainly depends on the concentrations of glucose
and fructose. However, glucose has the ability to crystallize into a form of
glucose monohydrate when the ratio of glucose to water increases to certain
extent that lowers the concentration of glucose in honey, leads to higher water

activity. However, when glucose crystals are re-dissolved upon warming, the
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water activity decreases again. Hence, honey with crystallization tends to have
higher chance of spoilage due to high water activity that supports the growth of
microorganisms. Apart from that, factors such as viscosity, storage temperature
and the presence of foreign particles also can affect the crystallization of honey

(Shafig, et al., 2014).

2.4.8 Sugar Content

Honey is a viscous and highly concentrated solution with approximately 80-85%
of carbohydrates with glucose and fructose which are the main sugar
constituents. Usually the sugar content in honey depends on several factors:
sugar content in nectar, enzymes present in the bees and the nectar. Honey with
good quality should have higher fructose content than glucose to prevent
crystallization (Buba, Gidado and Shugaba, 2013). Honey with low sugar
content but high water content can spoil easily due to the growth and
fermentation of yeast. High sugar content in honey leads to high osmolarity,
which is able to inhibit the growth of microorganisms such as bacteria and
fungi. Increasing surrounding osmolarity causes decrease in external osmotic
pressure surrounding the cell, leads to cellular dehydration due to efflux of
water (Wood, 2015). Most of the bacteria are unable to survive in high
osmolarity condition, however bacteria Staphyloccocus aureus was found to
have a higher osmolarity tolerance as compared to other bacteria (Olaitan,
Adeleke and Ola, 2007). Since the survival rate of bacteria is higher when
honey is diluted, therefore when honey is applied as wound dressing, the
dressing has to be changed frequently due to the fluid outflow from wounds

caused by hyperosmolarity effect of honey (Molan, 2012).
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2.4.9  Reducing Sugars and Sucrose

Sugar composition is another parameter that can be adopted to differentiate
honey according to their botanical origin since its composition is not greatly
affected by the processing or storage condition (Nayik, Dar and Nanda, 2015).
Reducing sugars glucose and fructose account for approximately 31.3% and
38.2% of honey composition respectively. Apart from that, low level of
disaccharides such as sucrose, maltose and isomaltose contribute to the
remaining percentage of sugar content in honey (Olaitan, Adeleke and Ola,
2007). Other than botanical origin, the level of sucrose also varies differently
according to the degree of honey maturity (Asadi-Dizaji, et al., 2014). In a
fully ripened honey, sucrose is broken down into glucose and fructose by bee
enzyme invertase. Therefore high level of sucrose in honey indicates
insufficient nectar processing by the enzyme (Olaitan, Adeleke and Ola, 2007).
Based on Codex Alimentarius Commission (2001), the reducing sugar content
of honey should be more than 60% and the sucrose content should be lower

than 5%.

2.4.10 Hydrogen Peroxide

Hydrogen peroxide (H»O,) is another main factor contributes to the
antibacterial properties in diluted honey. The presence of H,O, in honey is due
to the activity of enzyme glucose oxidase that is synthesized by the bees.
Glucose oxidase is an enzyme that responsible for the conversion of glucose to
form gluconic acid and H,O, (Mandal and Mandal, 2011). According to Linley,
et al. (2012), H,O, functions as an antibacterial agent with the radical

formation mechanism. Highly reactive hydroxyl radicals are produced through
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the reaction between superoxide radicals with hydrogen peroxide as shown

below:

O, + H,0O, = O+ OH + OH-
Similar to other oxygenated species, hydroxyl radicals formed from the
reaction are able to act as oxidizing agents to react with lipids, proteins and

nucleic acids, causing cell damage.

The enzyme glucose oxidase has an optimum pH of 6.1 and shows higher
enzymatic activity in between pH 5.5 to pH 8. The pH of undiluted honey is
normally too low that can inhibit the activity of glucose oxidase, preventing
production of H,O,. Therefore, enzyme glucose oxidase is more active in
diluted honey. However, the dilution has to be performed accurately as the
production of hydrogen peroxide can be affected if there is insufficient glucose
due to excessive dilution. Besides that, the presence of catalase can reduce the
level of hydrogen peroxide by degrading it into water and oxygen. Plus, the
presence of ascorbic acid can lower the level of hydrogen peroxide through

oxidation process as well (Mahmoud and Owayss, 2006).

2.4.11 Proline

There are several types of amino acids can be found in honey including proline,
phynylalanine, tyrosine, lysine and arginine with proline which is the most
predominant type (Hermosin, Chicon and Cabezudo, 2003). There are
approximately 50% to 85% of proline present in respect to other amino acids.

The amount of proline in honey is affected by bee species since the majority of
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proline present is originated from the secretion of bees during nectar
conversion into honey (Geronimo and Fritz, 2001). It was suggested that
proline level in pure honey without adulteration should be above 180 mg/kg
while proline level below 180 mg/kg suggest possibility of adulterated honey
(Codex Alimentarius Commission, 2001). Honey adulterated with high fructose
corn syrup (HFCS) was more diluted and therefore having lower level of

proline (Geronimo and Fritz, 2001).

2.4.12 Hydroxymethyfurfural

Hydroxymethyfurfural (HMF) is a constituent that normally absent in fresh
honey and therefore the level of HMF in honey is one of the parameters to
determine the quality of honey. The presence of HMF increases due to
prolonged storage or heat processing. This compound is formed from simple
sugars especially fructose from a process known as acid-catalyzed dehydration.
Three water molecules loss from fructose by the action of acid. As for HMF
formation from glucose, it requires isomerization process to form fructose from
glucose prior to the dehydration process. Since honey is rich with both glucose
and fructose, together with acidic nature of honey, HMF can be formed easily
(Kesic, et al., 2014). Heat treatment on honey is essential to reduce the
viscosity of honey for easier handling and also to prevent crystallization and
fermentation in order to maintain the quality of honey. Therefore higher level
of HMF in honey indicates longer processing or storage duration (Zappala, et
al., 2005). Based on the standards provided by Codex Alimentarius
Commission (2001), HMF level after honey processing should not be

exceeding 80 mg/kg.
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2.4.13 Diastase Enzyme

There are a few types of enzyme present in honey that responsible for
carbohydrate metabolism including diastase, invertase, glucosidase, glucose
oxidase and catalase (Rossano, et al., 2012). Diastase enzyme is an enzyme
secreted from bees and this enzyme is responsible for hydrolyzing starch that
present in nectar into maltose and dextrins (Balasubramanyam, 2014). Diastase
level is one of the parameters used to determine the freshness and heat damage
of honey. According to Codex Alimentarius Commission (2001), the diastase
number of honey after processing should not be lower than 8 Schade value/g.
For honey adulterated with high fructose corn syrup (HFCS) containing
hydrolyzed starch and inverted sucrose that can lead to reduce in diastase
number due to honey dilution by HFCS. However such adulteration can be
masked via addition of foreign enzyme such as bakery mould amylases

(\Voldrich, et al., 2009).
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CHAPTER 3

MATERIALS AND METHODS

3.1 Materials

3.1.1 Honey Samples

Seven local commercial honey samples (Figure 3.1) were purchased from
random retailers and stored at room temperature in dark condition to maintain
the quality of honey. Honey was stored in room temperature to reduce the
progress of honey crystallization while storage in dark condition could prevent
excessive exposure to the sunlight that may alter the quality of honey (National
Honey Board, 2017). The details of the seven honey samples are summarized

as shown in Table 3.1....

3.3 Statistical Analysis

All assays was performed in triplicate and the results were expressed in mean +
standard deviation. The results were analyzed using independent sample t-test
in IBM Statistical packages for Social Science (SPSS) version 20.0 for the
comparison between antioxidant and physicochemical properties of tested
honey samples. Significant difference between means was considered at 95%

(p < 0.05) confidence level.
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