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ABSTRACT 

The market of honey is growing since consumers become more health conscious. Some 

consumers concern more about their health due to benefits of honey over granulated sugar. This 

study was aimed to investigate consumers' behavior toward honey by using consumer survey 

with 120 consumers and to determine sensory characteristics, consumers' preference and honey 

applications by applying sorting technique with different groups of consumers. Moreover, to 

group pure honey and different ratios of mixed honey and glucose syrup; and to generate 

sensory profiles of Thai honeys by using semi-trained descriptive assessors. Lastly, to 

determine important physicochemical properties of honey. According to the study, consumer 

(50.8%) consumed honey 1-2 times/ month and more than 70% of the consumer bought honey 

from supermarket. Top three most important factors that affected on buying decision were the 

origin of honey, safety and sensory quality. In case of sensory quality, consumers paid more 

attention on taste, flavor and aroma respectively. The sorting was applied by three different 

groups of consumers including non-honey user (n=30), regular honey user (n=30) and culinary 

group (n=30). The characteristics of honeys were categorized and described in the similar 

manner by all groups of assessors, however, some of them were different in details. The 

preferred honeys were described related to floral flavor. On the other hand, the non-preferred 

honey sample were indicated related to chemical flavor and fermented flavor. For honey 

application in food, most assessors identified product with categorical words which the top 

three were dessert, beverage and bakery. Next, the sorting was also applied by 30 assessors with 

various ratios of honey per glucose syrup from I 0% of honey to I 00% of honey with 10% 

increments which the seventy-percentage honey with thirty-percentage glucose syrup was a 

ratio with the highest percentage of honey which the assessor not considered as significant 

difference from the original honey. The terminologies and references of Thai honey were 

generated for 22 sensorial characteristics by 6 semi-trained descriptive assessors. The assessors 

were trained for 47 sessions before generating the sensory profiles, paralleling with analysis of 

important physicochemical properties such as color and Brix. The uniqueness of samples was 

discovered in many samples; especially Stingless which was rated as the highest intensity for 

several attributes. 
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INTRODUCTION 

In 2015, the global market food sweetener had been recorded $87. 7 billion. The 

sweetener market had been expected to increase its compound annual growth rate (CAGR) of 

4.5 % and reach $111 billion within 2020. The majority share of sweetener market was held by 

sugar which was about 80% of the market (Mordor intelligence, 2016). Sugar is the most 

commonly used sweetener which is almost utilized in every type of food. However, sweetness 

and energy are only two things which people receive from sugar intake. Honey is one of the 

best choices for sugar substitute because honey is a natural sweetener that contain a lot of 

nourishment; the trend of honey consumption is still rising from people who concern more 

about their health due to benefits of honey over granulated sugar. In 2017, global sales from 

natural honey exports by country totaled US$2.4 billion which expanded from last year 5.8%. 

Asian countries accounted 23.1 of global exports. Due to the increasing demand of honey 

consumption; the honey was adulterated by different sugar syrups (Wu et al., 2017). Adulterated 

honey was mainly divided adulteration of honey into 2 categories which were direct and indirect 

methods. Indirect adulteration was occurred by feeding honey bee with honey, chemical or 

industrial sugars (Guler et al., 2007), on the other hand direct adulteration was generated by 

adding sugar syrup or any other substances into authentic honey (Zabrodska & Vorlova, 2015). 

Adulterated honey was not only affecting on quality and nutrition but also could be harmful to 

consumers. There were several studies which have been experimented to detect honey 

adulterations. (Yilmaz et al., 2014; Zabrodska & Vorlova, 2015; Wu et al., 2017; and Nalia et 

al., 2018). However, these approaches mostly were chemical or enzymatic reactions which had 

to take time for analysis due to several preparation steps; besides, laborious preliminary 

experiments and expert operators were also required (Yilmaz et al, 2014). Sensory analysis is 

one of the interesting and promising approaches to detect adulterants in honey by determining 

the unique characteristics of each adulterant. Moreover, sensory analysis aiso could be used to 

establish sensory profiles of honey by applying human's senses as a tool. Besides, the 

relationship between sensory profiles of honey and consumers' preference can be applied to 

determine factors influencing on purchasing intention of consumers. 

Thailand is not a major producer and exporter comparing to the other countries, Thai 

honey is demanded by world market due to its unique sensory characteristics because it is 

produced with different types of flower from other countries such as longan, lychee, wild flower 

etc. which gives an advantage over honey from other countries (Kongpitak, 2014). These 

variety of floral types are directly related to the sensory characteristics of honey due to different 
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compositions of nectar in each type of flower which provide distinct color, texture, tastes and 

aromas especially flavors that reflected the flowering plants (Overton & Manura, 1995; Manyi­

Loh et al, 2011). Moreover, there are also other factors affecting sensory characteristics of 

honey such as bee species and environmental conditions. 

There are many sensory studies on honey in many parts of the world; however, there 

are only few of them in Thailand. Therefore, the aim of this study was divided in to 4 parts. 

First, the consumer survey was applied to study consumers' behavior toward honey. Second, 

free sorting task was applied with different groups of consumers to determine sensory 

characteristics, consumers' preference and honey applications. Additionally, to group pure 

honey and different ratios of mixed honey and glucose syrup, and to generate sensory profiles 

of honeys available in Thailand by using semi-trained descriptive assessors and to determine 

important physicochemical properties. 
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AIM 

• To study sensory profiles and consumer insight of Thai honey 

OBJECTIVES 

• To study consumers' behavior toward honey by using consumer survey. 

• To determine sensory characteristics, consumers' preference and honey applications by 

applying sorting technique with different groups of consumers. 

• To group pure honey and different ratios of mixed honey and glucose syrup by sorting 

technique 

• To generate sensory profiles of honeys available in Thailand by using semi-trained 

descriptive assessors and determine important physicochemical properties 
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CHAPTER 1: LITERATURE REVIEW 

Sweetener 

The sweetness from monosaccharaides and disaccharides, including glucose, fructose 

and sucrose, can be found naturally in fruits and vegetables. These sugars have long been part 

of the human food, although the consumption of sweeteners has changed due to availability and 

affordability which represented used sweeteners in each era. In pre-colonial times, sweet 

flavorings were obtained from natural and usually local sources. Honey might be the world's 

oldest sweetener which was used by the Ancient Egyptians around 2100 BC (Erejuwa et al., 

2012a). In the I 7th century, the sap of maple trees was boiled to obtain maple syrup which was 

commonly used in Americas. The sucrose or table sugar could be extracted from cane and beets 

in 18th century which also became primary sweetener in I 9th century because its availability 

and affordability. The global sugar production was dramatically increased especially refined 

sugars which were used in a wide range of food. In this era, the production of processed food 

was also increased. On the other hand, lifestyle of people became more inactive so the obesity 

began to rise. 

I.) Non-nutritive sweeteners (NNS) 

Non-nutritive sweeteners were developed over the past century. In last twenty years, 

people are concerned by diseases from consuming excessively sweetener which are obesity and 

type 2 diabetes. Mostly, non-nutritive sweeteners are chemically synthesized which can be 

called as artificial sweetener. They are required in a little amount to provide adequately the 

demand for a sweet taste. Non-nutritive sweetener provides no metabolizable energy when used 

as a sugar substitute. On the other hand, consuming nutritive sweetener is provided energy from 

the metabolism of carbohydrate. 

This type of sweetener provides high intensity of sweetness with almost no calories or 

no calories which is very attractive for someone who want to lose weight or concern about their 

health. The non-nutritive sweeteners intake was estimated only about 3% of population in 1965. 

However, the consumption of these sweeteners was highly increased to 15% in 2003-2004 

(Mattes & Popkin, 2009). The rising of NNS intake represented how much people in this day 

concern about obesity and healthy so this is one of the reasons why people pay more attention 

on the products composing of non-nutritive sweetener. Only little evidences are showed the 

effect of using non-nutritive sweetener on obesity for both positive and negative effect which 

still be studied extensively. For consumer, reducing total calories intake is one of the reasons 
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why people consume these sweeteners. However, non-nutritive sweeteners are not being used 

instead of sugar, they are used as an additional ingredient for sugar which the purpose of adding 

these sweeteners can be used in sustaining weight loss. 

The physiological of nutritive and non-nutritive sweetener are different. An ambiguous 

psychobiological signal is activated by non-nutritive sweetener to increase appetite and 

palatability (Ferreira et al., 2014 and Gardner et al., 2012). However, this problem can be solved 

by consuming NNS as part of an energy-yielding food because the other food components can 

be function to provide sensory stimuli which signal appropriate metabolic and fulfill satiation. 

On the other hand, it cannot be used for weight loss in non-energy-yielding food or diet product 

because these types of product normally are lacked of satiation which may be had opposite 

effect in supporting weight loss. The consumption of NNS is also concern for making people 

to addict or prefer sweet food and drink in daily life. It is a question that using NNS with diet 

product has an effect on increasing total energy intake and body mass index or not, and there is 

insufficient evidence to fulfill this question. 

The using non-nutritive sweeteners can be successfully used as a sugar substitute is 

limited. The amount of NSS can be added into food is restricted because they may be an effect 

on product quality. Processing under some conditions are not suitable for this type of sweetener 

because it will be affected on sensory properties to be undesirable which is really importance 

for every product. The amount ofNSS adding is also restricted for safety of consumer. (Should 

not more than 0.3-3 g NNS/d for a 75 kg adult, depending on type ofNNS). These sweeteners 

are assessed by regulatory panels which long-term effect from consuming the sweeteners still 

be concerned. Mostly, NNS are artificial compound and unnatural introductions to the human 

diet. NSS cannot be digested by small intestine so they are sent to the large intestine without 

any digesting which impact on human gut microbiota. Recently, the study ofNSS consumption 

in mice and humans showed that the risk of glucose intolerance through modulation of both the 

functionality and composition of the gut microbiota is increased (Suez et al., 2014). It has been 

proposed that such effects may underpin suggested links between sweeteners and increased 

diabetes risk. Moreover, non-nutritive sweetener cannot be consumed by some groups of people 

for example aspartame cannot be consumed by people who got phenylketonuria. 

The high-intensity sweeteners that are currently approved for use in the EU are 

aspartame (E95 l ), saccharin (E954) acesulfame-K (E950), cyclamate (E952), neohesperidin 
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DC (E959), sucralose (E955), thaumatin (E957) and also the recently approved steviol 

glycosides (E960) a natural extract from Stevia rebaudiana Bertoni (Yang, 20 I 0). 

2.) Nutritive sweeteners (NS) 

The main component for sweet tasting in food and beverage in this era are glucose, 

fructose and galactose. These sugars can be combined to be disaccharide sugar which are 

sucrose, lactose and maltose which these sugars also be the combination of wide range for oligo­

and poly-saccharides such as starch, maltodextrin and fructans. High fructose corn syrup and 

table sugar are the most common used sweeteners which both of them compose of basic sugar 

like glucose and fructose. Normally, nutritive sweeteners will be hydrolyzed in small intestine 

to be monosaccharide which absorbed and metabolized to yield dietary energy. Normally, 

sugars are carbohydrate which provide 4 kcal/ g. However, the variations in chemical structure 

in different type of sugar are effect on varied digestion, absorption and metabolization of sugars 

which can be proved in the glycemic index of monosaccharide and disaccharide (Edwards .et 

al, 2016). There is some concern on product which compose of sugars because people in this 

age mostly consumed sweet food. Providing sweetness and energy are only two main functions 

of sugars. However, lack of nourishment and excessive intake are concerned. 

Polyols (sugar alcohols) are saccharide derivatives which can be found in vegetable, 

fruit and some fermented foods such as xylitol, maltitol, and sorbitol. They can be produced by 

hydrogenation of both monosaccharide and disaccharide. Generally, the number of calories for 

polyols should be 4 calories per gram because they are also carbohydrates which same as.sugar 

but human body cannot fully metabolize them so they provide fewer available calories per 

gram. Polyols are promoted as an ingredient for diabetic and low-calorie products. Moreover, 

most polyols are not readily fermented by oral bacteria and are therefore non-cariogenic which 

are suitable for making chewing gum. This type of sweetener also used as a combination with 

non-nutritive sweetener. However, the glycemic index of NSS is quite higher than polyols so 

the polyols can be used in larger amount than NSS. The quantity of polyols that should be 

consumed is limited to prevent laxation form poor gastrointestinal. 

3.) Traditional sweetener 

The traditional sweeteners usually can be found in natural source especially in plant 

source which consume as the same form as receiving from nature and require some processes 

to make sure that they can be safely consumed. They are obtained from plant and tree sap (e.g., 

maple syrup, agave nectar), fruits (e.g., carob syrup), seeds, roots (e.g. Yak6n syrup), leaves 
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(e.g., stevia) and bees (e.g., honey) (Edwards .et al, 2016). The composition and sensory 

properties are affected by plant origins, processing methods and environmental conditions. For 

example, different sources and/or species of vanilla have an effect on variation of aromatic 

compound in vanilla. These compound also can be developed during processes by maillard 

reaction which occurred during heat treatment. However, these variation and inconsistency of 

product are not the exactly advantages because it can be used in the different purpose and 

application. 

In fact, traditional sweeteners are also classified as natural sweeteners because they 

mostly compose of more than 50% of monosaccharide and disaccharide from plant-derived 

syrups and honey with little number of polyols. The obvious difference between traditional 

sweetener and refined sugar are the moisture content, the traditional sweetener is often stored 

in form of liquid and contained moisture content between 17 - 35 %. The amount of energy 

from traditional sweeteners are 250- 310 kcal per 100 g of wet weight. Lower moisture solid 

sweeteners which contain moisture content less than 1 % and also contain 380-390 kcal per 

100 g wet weight (Edwards .et al, 2016). So, energy intake from traditional sweetener is lower 

compared to table sugar theoretically. However, this is uncertain since it will depend on how 

consumers use various sugar substitutes. 

3.1) Glycemic potency 

Some of traditional sweeteners such as agave, carob and honey contain a lower glycemic 

index than refine sugar because of high amount of fructose, which has a low GI of 19, compared 

with glucose (GI= 100) and sucrose (GI= 68) (Foster-Powell et al., 2002). However, excessive 

fructose consumption which is more than 15% of total dietary energy can be a cause of 

hyperlipidaemia (cardiovascular disease). Proper fructose intake seems not to be a problem 

anyway. For the other natural sweeteners which contain lower amount of fructose such as maple 

syrup, may provide a suitable alternative. There are also some studied which mentioned about 

variation of the other components in traditional sweeteners have an ability to reduce the 

glycemic potency especially phytochemical compounds. The presence of variously 

phytochemical compounds not only lower the glycemic index but also have anti-diabetic effects 

and blood glucose-lowering effects. 

3.2) Polyphenolic and related compounds 

Maple syrup and honey contain many (poly) phenolic compounds including various 

flavonoids (e.g., quercetin, kaempferol, myricetin, proanthocyanidins, and 'condensed 
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tannins'), and non-flavonoids such as phenolic acids (e.g., caffeic-, coumaric-, vanillic-, 

syringic-, hydroxybenzoic-acids ), lignans (e.g. lariciresinol, secoisolariciresinol), coumarins 

and stilbenoids (Bogdanov et al., 2008, Li & Seeram, 2010 and St-Pierre et al., 2014). These 

compounds have many properties which could have a potential impact on nutrition and health. 

It is clearly evident from laboratory studies that phenolic compounds in traditional sweeteners 

contain a range of compounds with anti-oxidant properties which have an ability to eliminate 

harmful reactive oxygen species. Moreover, many phenolic compounds can be interacted with 

proteins including enzymes, transcription factors, and receptors. Flavanols seem to have 

benefits on circulatory system especially cardiovascular health and whole-body metabolism 

Uascual-Teresa et al., 20 I 0). Polyphenolic compounds may also have effects on the digestion, 

absorption and metabolism of available carbohydrates such as limit digestion of starch through 

inhibition of a-amylase and/or a-glucosidase, delay and/or prevent glucose absorption through 

inhibition of glucose transporters SGLT-1 and/or GLUT-2 and reduce undesirable effects of 

the sugars on glycaemia and lipid metabolism (Hanhineva et al., 2010). Even there is a number 

of health benefits from these compounds but there is insufficient evidence to establish currently 

whether or not these compounds have any effect on human health, especially when consumed 

as part of a normal diet so some of the mechanisms still remain unclear. 

4.) Future trends 

Obesity is a huge problem in many countries around the world, and Thailand ranks in 

the second place of top five Asia-Pacific nations in this regard. The rate of obesity is 

continuously accelerated. In the period 2005-2007, obesity rates in Thailand increased from I 0 

million in 2005 to 17 million in 2007 (Bickerstaff, 2013). Furthermore, these increases are now 

occurring across many demographic groups, and in both urban and rural areas. One of the most 

important cause of obesity is a sweeteners consumption because almost every type of food and 

beverage compose of sweeteners. The previous study showed that an average Thai consumes 

about 26 teaspoons or I 04 grams of sugar per day which is four times more than the 

recommended amount of 6 teaspoons per day (Languepin, 2015). So, the future use of sugars 

and sweeteners is likely to be influenced by the perceived nutritional requirements of an 

increasingly obese population. 

The easiest method to reduce sugar intake seem to be decreased the quantity of sugar in 

products. However, it is not that easy, the amount of sweetener in food and beverage industry 

cannot be reduced because sugar not provide only sweetness but also used as a preservative so 

if amount of sugar has been reduced, the shelf-life of these product may be shorter. Moreover, 
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some of product require much sugar to control texture which refer to the quality of products. 

Sugar substitutes which contain an ability to replace the function of sugar for maintaining the 

quality of products should be determined. However, the consumer preference of sweet taste still 

be continuously developed. 

The manufacturers are expected to develop healthier sweeteners. The ideal answer for 

healthier sweetener should be non-nutritive sweeteners because they provide intense sweetness 

without calorie. In contrast, there are some research mentioned that NSS lack of ability to fulfill 

satiation which require compensatory intake and lead to weight gaining. Moreover, the safety 

of using non-nutritive sweetener still be concerned in long-term consumption. The traditional 

sweeteners can be trusted in safety for consumption because they have been consumed for 

centuries and also preceded the obesity epidemic. These sweeteners are caloric but contain 

lower glycemic index than refine sugar. They also contain many phenolic compounds which 

have benefits to human body. The efficiency of phenolic compounds should be studied and 

confirmed the benefits because they had been interested by manufactures who want to develop 

more natural product. Overall, trends in sweetener use in the future will continue to be 

influenced by the obesity epidemic and therefore further research should be continued to make 

progress in the area to understand the effect of various sweeteners on health to determine 

whether NNS, NS or traditional sweeteners provide the best solution is encouraged (Edwards 

.et al, 2016). 

Chemical composition and reaction product of honey 

There are about 200 compounds presented in honey (Escuredo et al., 2013). The effect of 

each component should be known to understand the functions of these compounds that related 

to shelf-life and structural constituent which are one of the factors that effect on consumer 

decision whether they will buy the product or not. 

1.) Sugar 

The sugar compositions in honey are affected by botanical origin and environmental 

origin. They also can be various depend on processing methods and storage conditions. Mostly, 

seventy-five percentage of overall sugar in honey is represented by monosaccharide with 10 -

15% of disaccharide and small amount of other sugar. Generally, disaccharides and 

trisaccharides like sucrose and maltotriose are hydrolyzed to monosaccharides by enzymatic 

reactions (Missio da Silva et al., 2016). 
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Sugar content may be changed during storage. Comparing the storage temperature of 

honey at 4 °C and 20 °C for 6 months. The study showed that concentration of sucrose was 

decreased 14% for storage temperature at 4 °C and decreased 79% for 20 °C. On the other hand, 

fructose content increased 4% and glucose content increased I .I% for 4 °C; however, at a 

temperature of 20 °C, the fructose content increased 7% and the glucose content increased 

8.8%. The changing percentage of other sugar such as trehalose and isomaltose not showed any 

significant difference (Rybak-Chmielewska, 2007). 

When honey is heated or stored for a long time, the degradation products of sugars are 

occurred by furans especially furfural which related to non-enzymatic browning reactions such 

as maillard reaction, caramelization and sugar degradation in an acidic medium which is a cause 

of darker color and change in flavor. However, furans can be used to indicate the loss of 

freshness (Missio da Silva et al., 2016). 

2.) Protein 

Proteins and amino acids in honeys are varied due to species of bee and vegetal sources, 

including fluids and the nectar secretions of the salivary glands and pharynx of honeybees (Sak­

Bosnar and Sakac, 2012). However, the main source of protein is the pollen. There are about 

I% (w/w) of amino acid which the actually amount depend on the origin of honey. There is 

various type of amino acid, praline is the most found amino acid in honey which represent 50 

- 85% of amino acid. The amount of pro line can be used to indicate maturation and purity of 

honey which minimum praline for pure honey is 180 mg per kg. Amadori compunds which are 

occurred from the reaction of the carboxylic group on the reducing end of sugars and the free 

amino groups of amino acids and proteins; they are responsible for the occurrence of maillard 

reaction (Missio da Silva et al., 2016). 

Quantitative and qualitative changes of protein content were affected by protein­

polyphenol complex formations in honey stored at various temperatures for six months 

(Brudzynski et al., 2013). Quinones are occurred from the oxidation of polyphenols which play 

an important role in the interaction with proteins and also modify the protein structure and size 

leading to covalent bond between protein and quinones. When honey was stored at high 

temperatures, the interaction is triggered to occur in higher rate. 

3.) Organic acids 
The organic acids in honey are occurred from deriving of sugar by enzyme secreted by 

honeybees while transforming nectar to honey which approximately found in honey for 0.57% 

(Karabagias et al., 2014). They can be used to differentiate the botanical origins and 
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geographical origins which related to color and flavor of honey and also have an effect on 

chemical properties such as acidity, pH and electrical conductivity. The important acid in honey 

is gluconic acid which can be used with citric acid to discriminate floral honey from honeydew 

(Mato et al., 2006). 

The concentration of free acidity in honey can be increased by transforming oflevulinic 

and formic acids to be one molecule of levulinic acid and one molecule of formic acid. The 

increase of acidity is occurred over time, as well as during fermentation because honey sugars 

and alcohols transform into acids by the action of honey yeasts (Ca via et al., 2007). 

4.) Vitamins 

There are small number of vitamins in honey such as thiamine (BI), riboflavin (B2), 

nicotinic acid (B3), pantothenic acid (B5), pyridoxine (B6), biotin (B8 or H), folic acid (B9) 

and L-ascorbic acid (C). Mostly, vitamin B can be found in the pollen grains in suspension. 

Vitamin C is found in almost all types of honey. It also has been evaluated mainly due to its 

antioxidant effect. The amount of vitamin C is difficult to determine because it is very sensitive 

to chemical and enzymatic oxidation and also accelerated by light, oxygen or heat. The loss of 

vitamin can be occurred due to the oxidation of ascorbic acid by the hydrogen peroxide. The 

reduction of vitamin C also can be affected by commercial filtration of honey which almost 

completely remove the pollen (Missio da Silva et al., 2016). 

5 .) Minerals 

The mineral content in honey ranges 0.04 - 0.2% including both micro and macro 

minerals (Alqarni et al., 2012). Honey reflects the chemical components of the plants from 

which the honeybees collect, so the content of trace elements present in honey depends on the 

type of soil in which the plant and nectar were found and may indicate the botanical origin of a 

specific honey (Madejczyk & Baralkiewicz, 2008 and Escuredo et al., 2013). 

The most found mineral in honey is potassium which is approximately 33% of overall 

minerals. Honey also contains sodium, iron, copper, silicon, manganese, calcium and 

magnesium in smaller quantities. Macro elements (such as potassium, calcium, and sodium) 

and trace minerals (such as iron, copper, zinc, and manganese) have an important function on 

psychological response, overall metabolism, circulatory system and reproduction. Some 

mineral is classified as heavy metal which can be harmful if the amounts of them are exceed 

such as arsenic, lead, mercury and cadmium. Mineral compound cannot be degraded by heat, 

light, oxidizing agents and extreme pH as vitamins and amino acids (Missio da Silva et al., 2016). 
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6.) Phenolic compound 

The phenolic compounds can be classified into 2 type which are non-flavonoids 

(phenolic acid) and flavonoids (flavones, flavonols, flavanones, flavanols, anthocyanidin, 

isoflavones and chalcones) (Andersen & Markham, 2006). Phenolic compounds are used as 

floral markers in honey. The main functional components of honey are flavonoids. They have 

an effect on total antioxidant activity of honey which contain an ability to eliminate or reduce 

the formation of free radicals, causing beneficial effects to human body. The antioxidant activity 

of flavonoids is varied due to the number and position of hydroxyl groups which the available 

of hydroxyl groups enhance the antioxidant activity and other substituents and the glycosylation 

offlavonoid molecules. On the other hand, the glycosylation of flavonoids declines antioxidant 

activity when compared to the corresponding aglycones. Phenolic compounds are degraded 

depending on the environmental conditions (Missio da Silva et al., 2016). 

7.) Volatile compounds 
A main function of volatile compounds is generated aroma. More than 400 different 

volatile compounds have been identified in honeys which they have a distinctive flavor of the 

plant, due to the presence of certain volatile organic compounds from nectars. However, volatile 

compounds are varied due to honeybees which have an ability to produce or convert plant 

constituents in other compounds with volatile properties. These compounds can be affected by 

post-harvest processing, presence of micro-organisms and storage time. The volatile 

compounds in honey are present in very low concentration. The short chain carboxylic acids 

have a spicy aroma and flavor, while long chain carboxylic acids provide a rancid aroma (Barra 

et al., 2010). 

Adulterated honey 

Due to the increasing demand of honey consumption; the honey was adulterated by 

different sugar syrups (Wu et al., 2017). Chinese honey factories harvested honey while it 

unripe which it still had high water content, after that the honey was dried artificially and 

filtrated to remove unwanted matter included pollen (Tamma, 2017). Chinese honeys spread 

through European countries in last decade due to inadequate of honey production in Europe. 

However, adulterated honey was mainly divided adulteration of honey into 2 categories which 

were direct and indirect methods. Indirect adulteration was occurred by feeding honey bee with 

honey, chemical or industrial sugars (Guler et al., 2007), on the other hand direct adulteration 

was generated by adding sugar syrup or any other substances into authentic honey (Zabrodska 

& Vorlova, 2015). The news agencies in Thailand also reported about production of adulterated 
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honey by the villagers. The fake honey was produced by mixing authentic honey with glucose 

syrup and granulated sugar (TNAMCOT, 2014; ThairathTV, 2017). Adulterated honey was not 

only affecting on quality and nutrition but also could be harmful to consumers. There were 

several studies which have been experimented to detect honey adulteration. Yilmaz et al (2014), 

Zabrodska & Vorlova (2015) and Nalia et al. (2018) summarized all previous approaches for 

detecting adulterants in honey, moreover Yilmaz et al. (2014) also introduced a novel and 

potential approach to detect honey adulteration by fructose and saccharose syrups which were 

steady, dynamic and creep analysis. Likewise, recent study of Wu et al. (2017) revealed the 

methods to detect sugar-based adulterants in honey which included SRICA, GC, HPAEC, 

HPLC, IR-based analysis, NMR, Raman spectroscopy speed up and Q-TOF-MS. However, 

these approaches mostly were chemical or enzymatic reactions which had to take time for 

analysis due to several preparation steps; besides, laborious preliminary experiments and expert 

operators were also required (Yilmaz et al, 2014). So, the approaches for the development of a 

portable test kit were studied which the most effective methods included ELISA, electronic 

tongue and NIR (Nalia et al., 2018). Many approaches have been constantly developed to detect 

adulterants in honey, however none of any approaches at present could be applied to detect all 

the adulterants in the honey individually because there are so several methods of adulteration. 

(Schwarzinger, 2017; N alia et al., 2018) 

Descriptive Analysis 

Descriptive analysis is one of the techniques that most widely used in sensory analysis. 

The main function of descriptive techniques is used to generate quantitative data which 

describes the similarities and differences among a set of products. So, these techniques create 

complete sensory descriptions of products which is very important because true characteristic 

of product must be describe to consumer clearly to ensure that no any consumer misunderstand 

product description. Moreover, descriptive analysis also used to determine how each material 

or process changes affect product characteristics which can help in finding the substitute 

ingredients or modifying processes which also lead to cost reduction. This method also used to 

identify key sensory attributes which is really important to consumer acceptance (Sensory 

Analysis Center, 2015). The well-known descriptive analysis includes Flavor Profile Method, 

the Texture Profile Method, Quantitative Descriptive Analysis® (QDA®) and Spectrum™ 

Descriptive Analysis which all of them were widely applied in many sensory studies because 

they can be used to manage quantitative comparisons to be made across different products on 

specific attributes (Murray et al., 2001). However, these methods require much time to spend 
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on recruiting and training the assessors. Therefore, multiple rapid sensory profiling techniques 

had been developed to improve the efficiency of the data collection process while trying to 

maintain the information obtained as in classical descriptive analysis which included check-all­

that-apply (CATA), sorting, and polarized sensory positioning (PSP) (Fleming et al., 2015). 

Related research review 

The widely-known honey is produced by honey bees (the genus Apis) which is the one 

most commonly referred to. However, honey also can be produced by bumblebees, stingless 

bees, and other hymenopteran insects such as honey wasps. The variety of bee had an effect on 

chemical composition of honey which related to sensory characteristics of honey, not only the 

types of bee that had an effect on sensory characteristic of honey but floral type also had an 

effect which were providing distinct color, texture, tastes and aromas especially flavors that 

reflected the flowering plants (Overton &Manura, 1995; Manyi-Loh et al, 2011). 

The relationship between sensory profiles of honey and consumers' preference can be 

applied to determine factors influencing on purchasing intention of consumers. There were 

many studies focusing on determining these factors. In Poland, there is a study revealing that 

the origin of the honey and quality which was guaranteed with certificates were the most 

important factors for deciding to purchase honey (Roman et al., 2013). Likewise, the consumer 

study in Italy revealed that the country of origin had a substantial effect on the interviewees' 

who participated this study (Cosmina et al., 2016). Moreover, the study in Western Australia 

also mentioned that taste is the most influential variable in the decision to purchase. However, · 

taste can only be evaluated in post-purchase. For purchasing honey from a retail store, there 

were three most influential factors in the consumer's decision to purchase honey such as brand 

reputation, origin and value for money (Batt & Liu, 2012). 

The sorting technique is a method for collecting similarity data to generate perceptual 

map by using stimulated perception of assessors to categorize samples into groups based on 

knowledge and experience. This technique works really well for reducing large sample sets to 

smaller numbers and, with word labelling, for revealing the sensory or other attributes (Sensory 

dimensions, 2015). It is also widely used because it is rapid and simple for participants, 

moreover it also provides reliable result (Lawless & Glatter, 1990; Lawless et al., 1995; King 

et al., 1998). However, the result from this method may lack some details so this method is not 

suitable for someone who need to understand product precisely. Additionally, the performance 

of assessor can be influenced by sensory and memory fatigue due to excessive number of 

14 



sample and the characteristic of product itself especially the product that requires to evaluate 

flavor and aroma. 

Sensory characteristics of honey were varied due to floral types, bee species and 

environmental conditions which all of them had effects on providing distinct color, texture, 

tastes and aromas especially flavors (Overton & Manura, 1995; Manyi-Loh et al., 2011; 

Stolzenbach et al., 2011). There were several studies on sensory of honey in the last few 

decades. Terminology of floral honey was developed by Galan-Soldevilla et al. (2005). 

Ciappini et al. (2013) established an approach for recruiting and training assessors to determine 

characteristics that could be used to differentiate clover honey from eucalyptus honey by using 

descriptive quantitative analysis. Moreover, sensory analysis of honey from honeybee were 

researched worldwide by focusing on distinct factors included differences of bee species, honey 

varietals, geography and seasons; mostly sensory analysis of honey was studied together with 

physiochemical properties (Gupta et al., 1992; Esti et al., 1997; Anupama et al., 2002; Castro­

V azquez et al., 2008; Stolzenbach et al., 2011; Silvano et al., 2014; Kortesniemi et al., 2018; 

Kumar et al., 2018). Sensory profile of honey from stingless bees was also studied (Ferreira et 

al., 2009; Costa et al., 2018). 
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CHAPTER 2: MATERIALS AND METHODS 

Study consumers' behavior toward honeys 

There were 120 participants in Bangkok Metropolitan Region participated in this study. 

Participants have to consume honey before in order to take part in the survey. Questionnaire 

was developed as a tool to gather the information, it was divided into 2 parts which were Part I: 

Consumer's Behavior and Part2: General Information. The first part is a series of questions 

regarding to honey-related consumption habits, awareness of floral types of honey and the 

variables used in their decision to purchase honey. The variables were divided into two 

categories such as general characteristics and sensory characteristics. The variables were rated 

by using level of importance which used I - 5 important scale where one referred to not at all 

importance and five referred to extremely importance. The last part of the questionnaire 

included questions regarding demographic and socioeconomic position of participants such as 

age, gender, education, income, occupation, and ethnicity. The data from questionnaire was 

analyzed by Cross tab table of Microsoft Excel and, ANOV A with Duncan multiple comparison 

and Chi-square of SAS 9.4 The data from both descriptive training and consumer test were 

processed using ANOVA with Duncan multiple comparison of SAS 9.4 (Copyright© [2017] 

SAS Institute Inc., Cary, NC, USA.) 

Sorting technique with different groups of consumers 

Twenty-four honey samples were selected due to their variety and availability in 

Thailand which included honey from longan, lychee, sesame sunflower, wild flower (siam 

weed), coffee, forest and macadamia. Two samples were chosen from each of them except 

macadamia which had only one. Moreover, the multi-floral honey from each part of Thailand 

were selected which were multi-floral honey from northern, north eastern, eastern, western, 

southern and middle part of Thailand. The rest of them were also multi-floral honey which were 

produced by distinct types of bee such as cerana, florea and stingless. All of these three honeys 

were not passed any heat treatment included lycheel, forestl and multi-floral honey from the 

South. 

All of samples were provided on the tray to assessors at the same time with water, plastic 

coffee spoons and sorting ballot. Each sample was labeled with different 3-digit code. The 

samples were served in I Oz white plastic cups at room temperature. The amount of honey per 

cup was about 5 grams. The water was applied as a rinsing product. 
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Most of Thai consumers consumed honey 1-2 times/ month (Ketwaropaskul et al., 

2017). The consumption frequency was applied as criteria to categorize the assessors. The 

assessors who not consumed honey or rarely consumed honey, less than once a month were 

categorized as non-honey user, on the other hand the assessors who consumed honey once a 

month or more were grouped together as regular honey user. The last group is composed of 

chefs or consumers who have culinary background on honey. Therefore, the sorting was applied 

by three different groups of consumers including non-honey users (n=30), regular honey users 

(n=30) and culinary group (n=30). 

Sorting technique was applied to study sensory characteristics of honey samples. The 

assessors were assigned to group the samples according to similarity based on experience and 

knowledge of each person. The ballot is composed of 5 parts to fill in which include group 

number, sample codes, characteristics, liking score and honey application on consuming 

product. Group number part was applied to write down the group number and sample code part 

was used to write down 3-digit code of samples within the same group. The similar 

characteristics within group were described in the part of characteristics. Nine-point hedonic 

scale was used to rate the liking score of groups in overall liking part. The last part was applied 

to write down the products that should be consumed or cooked with honey. The number of 

groups could be as many as they deemed appropriate, however the characteristics for sorting 

must be explained, moreover the time for sorting was not limited due to a high number of 

samples. Any criteria could be applied on sorting except color of honey because it was the 

physical property perceived immediately which could be easily categorized. The samples might 

be sorted without smelling and tasting, so color was prohibited for the sorting. 

The data from sorting of honey characteristics and honey application was analyzed by 

DISTATIS of RStudio 0.99.467. The liking score was analyzed by ANOVA with Duncan 

multiple comparison of SAS9.4. 

Sensory profiles and physicochemical properties of Thai honeys 

Twenty-seven honey samples were selected due to honey varietals and availability of 

them in Thailand which included honey from Longan, Lychee, Sesame, Sunflower, Wild flower 

(siam weed), Coffee, Forest and Macadamia. Two samples were chosen for each of them except 

Macadamia which had only one. Moreover, the multi-floral honey from each part of Thailand 

were selected which included multi-floral honey from Northern, North Eastern, Eastern, 

Western, Southern and Middle part of Thailand. The rest of them were also multi-floral honey 
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which were produced by distinct types of bee such as Cerana, Florea and Stingless. All of these 

three honeys were not passed any heat treatment included Lychee!, Forest! and multi-floral 

honey from the South. Additionally, adulterated honeys were formulated in this study; two 

ratios of them were selected to be samples based on sorting technique. The last sample was the 

most well-known honey in Thailand with unidentified floral type (Ketwaropaskul, 2017). 

The samples were served in I Oz white plastic cups at room temperature. The amount 

of honey per cup was about 5 grams. All samples were provided to participants on trays with 

plastic coffee spoons. Water was provided as a mouth-rinsing between samples. 

Six assessors were recruited from students of Faculty of Biotechnology, Assumption 

University based on their availability and willingness to participate the training. All of them 

were semi-trained assessors who had experiences in descriptive training for 2-3 food products, 

so they already had some skill for the training especially ability to describe product by using 

attributes and intensities. 

According to news agencies in Thailand, adulterated honey was produced by pure honey 

with additional of glucose syrup and/or granulated sugar. The most available honey in the 

market was applied to formulated adulterated honey which was Forest2. The honey was 

adulterated with the addition of adulterants, namely glucose syrup. Started with mixing glucose 

syrup with hot water (about 95°C) at a ratio of 70%, 80% and 90% by weight, then compared 

their viscosity with the honey sample Forest2 by ten assessors who were familiar with sensory 

analysis. The criteria of comparison were based on eyesight and mouthfeel. Ninety percentage 

of glucose syrup was selected by all assessors due to the most similar viscosity to the sample. 

After that, the ninety-percentage glucose syrup solution was added into Forest2 at a ratio of 

I 0% to 90% by weight which each ratio was different by I 0%. All ofratios with addition of the 

authentic honey were used in free sorting task. The sorting technique was applied by 30 

assessors to determine the ratio that started to reveal significant difference between pure honey 

from adulterated honey (P<0.05). 

The training composed of forty-seven sessions; the time per session was about one hour. 

The review of using scale and reference was applied in the first session. A 0-15 scale was used 

for rating, where 0 =none and 15 =extremely intense; the gap between each scale was 0.5 only. 

Two honey samples were provided to the assessors to taste and compare them with the 

references by focusing on basic tastes. The second session focused on development of the 

descriptive terminology for honey samples. All of samples were provided to the assessors 
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except two adulterated honey samples. The assessors were assigned to list the characteristics of 

honeys. Additionally, the terminologies were also generated by four experienced sensory 

analysts who had many experiences in sensory analysis in wide range of product categories for 

several years. The generated characteristics from both groups were compared and selected for 

the training by the discussion of the sensory analysts. Four tastes, seventeen flavors and one 

appearance were selected as the attributes for the training. In the third session, four of basic 

tastes was applied to the assessors which composed of every taste except umami. The samples 

for training were selected based on sorting technique in the previous study (Ketwaropaskul, 

2018). Six representatives of samples were chosen according to the grouping from sorting 

technique such as Longan I, Coffeel, Lychee2, Sesame2, Cerana and Stingless. All of them 

were applied for the whole training. The references were determined by making consensus 

among the assessors; moreover, the intensities of references had to cover intensities of all 

representative samples for all attributes. The replications of samples were applied in each 

session to check repeatability of the assessors. The consensus of representative samples was 

also generated for every attribute to check their consistency on scoring. The training of basic 

tastes was applied until the standard deviation of samples lower than one which was the session 

fifteen. Clinical session was individually applied for the assessor who had problems in 

consistency and repeatability. The trainings of flavors and an appearance were initiated from 

the sixteenth session. The references and definitions of seventeen flavors and one appearance 

were generated. The reference products were changed for many times to determine the products 

with the most similar characteristics to honeys' flavors. Besides, the intensities of references 

were also adjusted to make sure that the references of each attribute covered intensities of 

samples; the references and definitions of these attributes were determined until the twenty­

fourth session. The first four flavors were applied between session twenty-five to thirty-one 

which included the flavors of plastic, soy sauce, worcester sauce and dried fruit. The training 

of basic tastes was applied in the thirty-second session to review the training and check their 

performance. After that, cotton candy, butterscotch, molasses and coffee flavors were trained 

for five sessions. In the thirty-eighth session, five flavors were introduced to the assessors which 

composed of perfume, flora, fruit, jasmine and wood flavor; all flavors were applied until the 

forty-first session. The last six sessions included five attributes. Four of them were flavors such 

as ferment, medicine, herb and iron flavors. The remaining attribute was viscosity which was 

trained by focusing on appearance. 
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Testing was applied to generate sensory profiles of twenty-seven honeys from Thailand 

which the sensory profiles composed of22 sensorial attributes; each sample were applied for 3 

replications. The testing was divided into 9 sessions; nine samples were presented to the 

assessors for each session and were also separated into 3 serves. Three samples were provided 

to the assessors for each serving, after the assessors finished evaluating the samples, they had 

taken a break for 5-10 minutes before the next serving; each sample could be repeatedly served 

or not within the session because they were randomly picked up for every session except the 

first session because the replications of sample were required to determine repeatability and 

standard deviation which related to performance of the assessors. The references of all 

attributes, mouth-rinsing and ballot were provided to the assessors before serving samples. 

For the physicochemical properties, color and sugar content of honey samples were 

determined in this study. The color of honey samples was measured by using HunterLab 

MiniScan EZ 4500L Spectrophotometer. The spectrophotometer was standardized by using 

black tile and white tile before the color was measured. During the process, the rubber must be 

put into the Hunter lab cup due to its ability to prevent light from the outside. After that, the cup 

was covered with white lid and black lid respectively; the white lid was applied because white 

color could be used to reflect light from machine to the sample without cross over to 

surrounding environment. Likewise, the black lid was used because black color could be used 

to absorb lightness and also prevent another light source from environment. The 5mm port was 

applied to measure the lightness of color because honey is a liquid form substance; so, it 

required the size of port that could be used to measure throughout the whole area of honey when 

the sample was poured in to the Hunterlab cup. The appearance of bubble was prohibited for 

the color measurement because the reflection might be occurred when light source of the 

machine shined on the bubble. The color of each sample was measured for 5 replications. The 

result was presented in form of L *, a*, and b*. On the other hand, Brix of the honey samples 

was measured by using refractometer with 0 to 90-degree Brix. Brix of samples were 

determined for 3 replications. 

The data from grouping pure honey and mixed ratios of mixed honey and glucose syrup 

was analyzed by DIST A TIS ofRStudio 0.99.467. Data from the training were processed using 

ANOV A with Duncan multiple comparison. The data from testing was analyzed by PCA ofR­

Program-2.15 .3 and ANOV A with Duncan multiple comparison. 
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ABSTRACT 

The market of honey is growing since consumers become more health conscious. Some 
consumers prefer honey over granulated sugar due to benefits of honey such as providing blood 
sugar regulation, reducing gastrointestinal disorders and reducing throat irritation. This study 
was aimed to investigate consumers' preference and behavior related with honey and its 
characteristics. The study was divided into three parts including consumer survey with 120 
consumers, intensity rating by trained panel, and consumer acceptance test towards different 
types of honey. According to the study, consumer (50.8%) consumed honey 1-2 times/ month 
and more than 70% of the consumer bought honey from supermarket. Amount of people who 
unaware of floral type of honey that they consumed was 55%. Top three most important factors 
that affected on buying decision were the origin of honey, safety and sensory quality. In case 
of sensory quality, consumers paid more attention on taste, flavor and aroma respectively. 
Descriptive trained panel evaluated eight samples of unifloral honey from different floral type 
including longan, forest, orange, lychee, macadamia, orange, sesame and sunflower. The 
profiles of these honeys were generated by visually impaired panelists which focused on five 
attributes such as sweetness, sourness, bitterness, viscosity and floral flavor. The same 8 
samples of honey were used in consumer acceptance test. These sensory profiles of honey were 
used to explain consumers (50people) of each attribute to determine the characteristic of honey 
that people prefer the most. There was significant difference consumer liking in every attribute. 
There were five attributes (sweetness, sourness, bitterness, viscosity, and floral flavor) 
classified in the group of the highest score for sunflower (6.92, 6.54, 6.62, 7.20 and 7.06) and 
longan honey (6.94 6.54, 6.58, 6.76 and 6.98). The sensory profiles showed that both honeys 
contained sweetness, sourness, bitterness and floral flavor less than other samples except 
sourness which macadamia contained lower than longan. However, both types of honey 
contained higher viscosity than all samples of honey except sesame that got higher viscosity 
than longan. Therefore, the characteristics of honey which Thai consumers preferred, are less 
sweetness, sourness and bitterness included mild floral flavor and thick texture. 

Keywords: Honey, Consumer behavior, Sensory property, Sensory evaluation 
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INTRODUCTION 

In 2013, 1.7 million tonnes of honey were produced worldwide (FAOSTAT 2013). The 

trend of honey consumption still rising from people who concern more about their health due 

to benefits of honey over granulated sugar because honey is a natural sweetener that contain a 

lot ofnourishment. The widely-known honey is produced by honey bees (the genus Apis) which 

is the one most commonly referred to. However, honey also can be produced by bumblebees, 

stingless bees, and other hymenopteran insects such as honey wasps. The variety of bee had an 

effect on chemical composition of honey which related to sensory characteristics of honey, not 

only the types of bee that had an effect on sensory characteristic of honey but floral type also 

had an effect which were providing distinct color, texture, tastes and aromas especially flavors 

that reflected the flowering plants (Overton &Manura, 1995; Manyi-Loh et al, 2011). 

In sensory analysis, human's senses can be applied as a tool to establish sensory profiles 

from each types of honey, also it is used to understand consumer preferences. So, the 

relationship between sensory profiles of honey and consumers' preference can be applied to 

determine factors influencing on purchasing intention of consumers. There were many studies 

focusing on determining these factors. In Poland, there is a study revealing that the origin of 

the honey and quality which was guaranteed with certificates were the most important factors 

for deciding to purchase honey (Roman et al., 2013). Likewise, the consumer study in Italy 

revealed that the country of origin had a substantial effect on the interviewees' who participated 

this study (Cosmina et al, 2016). Moreover, the study in Western Australia also mentioned that 

taste is the most influential variable in the decision to purchase. However, taste can only be 

evaluated in post-purchase. For purchasing honey from a retail store, there were three most 

influential factors in the consumer's decision to purchase honey such as brand reputation, origin 

and value for money (Batt & Liu, 2012). 

In the last few decades, there were many studies on sensory analysis of honey which 

helped in developing terminology of honey (Galan-Soldevilla et al., 2005). Additionally, the 

protocol of selection and training of assessors was adequately established to generate sensory 

profiles for differentiating clover honey (more intense flavors, vegetable notes, aromatic, warm, 

small crystals with a high tendency to quick crystallization in mass) and eucalyptus honey 

(light, fruity and floral flavor with low intensity) by using descriptive quantitative analysis 

(Ciappini et al, 2013). Stingless bee honeys were evaluated by sensory descriptive analysis 

using free choice method. Honeys from stingless bee were describe as sweeter and less acid 
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which also preferred by untrained assessors comparing to commercial honey from honeybee 

(Apis mellifera) (Ferreira et al, 2009) 

Therefore, the aim of this project was to study consumers' behavior toward honey by 

using consumer survey and to generate sensory profiles of eight different unifloral honeys 

available in the market using trained descriptive panelists (visually impaired panel). Lastly, to 

determine consumers' preferences toward different unifloral honey. 

MATERIALS AND METHODS 

Samples 

Eight honey samples were selected due to honey varietals and availability of them in 

the market which included honey from longan, forest, orange, lychee, orange macadamia, 

sesame and sunflower. 

Panelists 

There were 120 participants in Bangkok Metropolitan Region participated in the 

consumer survey. Participants also have to consume honey before in order to take part in the 

survey. There were 13 trained descriptive panelists participated in the descriptive analysis. Most 

of them were visual impairment and legal blindness, the rest of them were total blindness. All 

of them already passed descriptive training of food product for 100 hours. Therefore, they were 

familiar with training and had some skills which helped the training be easier especially ability 

to describe product using attributes and intensities. Lastly, there were 50 consumers participated 

in the consumer test; all of them have to consume honey before in order to take part in the 

consumer test. 

Procedure 

Questionnaire was developed as a tool to gather the information, it was divided into 2 

parts which were Part!: Consumer's Behavior and Part2: General Information. The first part is 

a series of questions regarding to honey-related consumption habits, awareness of floral types 

of honey and the variables used in their decision to purchase honey. The variables were divided 

into two categories such as general characteristics and sensory characteristics. The variables 

were rated by using level of importance which used 1 - 5 important scale where one referred to 

not at all importance and five referred to extremely importance. The last part of the 
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questionnaire included questions regarding demographic and socioeconomic position of 

participants such as age, gender, education, income, occupation, and ethnicity. 

The descriptive training was applied in this study to generate sensory profiles of 

unifloral honeys. Eight-floral types of honey samples were applied in descriptive training which 

were longan, forest, orange, lychee, orange macadamia, sesame and sunflower. Five important 

attributes were applied in the training which were sweetness, sourness, bitterness, viscosity and 

floral flavor because these attributes cover taste, flavor, and mouthfeel attributes. A 0-15 scale 

were used for rating, where 0 = none and 15 = extremely intense. The rinse agent being used 

for honey evaluation was water. After the training was finished, the references, rinsing 

materials, 0-15 scale and ballot were applied as in descriptive training. Each sample will be 

tested for 3 replications. 

There were 50 consumers participated in this study. Eight different unifloral honeys 

from previous part also were applied in this part. The 9-point hedonic scale were used to 

determine consumers' preferences among various unifloral honeys by focusing on 5 important 

attributes as in training which were sweetness, sourness, bitterness, viscosity and floral flavor 

with an additional attribute which was an overall-liking. The samples were served in 1 Oz white 

plastic cups at room temperature. The amount of honey per cup was 5 grams. All samples were 

provided to participants on trays with plastic coffee spoons and ballot by serving four samples 

at a time. Water was used as rising product between each sample. The serving orders were 

randomized by 1:1sing William Square Design. 

Data analysis 

The data from every part of the questionnaire was analyzed by Cross tab table of 

Microsoft Excel and, ANOVA with Duncan multiple comparison and Chi-square of SAS 9.4 

except the variables affecting on consumer decision which was analyzed by Friedman's test. 

The data from both descriptive training and consumer test were processed using ANOV A with 

Duncan multiple comparison of SAS 9 .4 (Copyright © [2017] SAS Institute Inc., Cary, NC, 

USA.) 
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RESULTS AND DISCUSSION 

Study consumers' behavior toward honey 

Table 1: Demographic information 

Demographic Profiles Freq. % 

Gender 
Male 36 30 

Female 84 70 

Age 
18 - 24 years old 23 19.2 
25 - 34 years old 45 37.5 

35 - 44 years old 36 30.0 
45 - 54 years old 10 8.3 

More than 54 years old 6 5.0 

Level of education 
High school or lower 4 3.4 

Diploma (Vocational certificate) 5 4.2 
Bachelor Degree 78 65 

Master degree or higher 33 27.5 
Occupation 

Company Employee 54 45.0 
Student 22 18.3 

Business Owner 21 17.5 
Teacher 8 6.7 

Government Employee 6 5.0 

Others 6 5.0 
Housewife/ househusband 3 2.5 

Income per month 
Lower than 8,000 baht 11 9.2 

8,000 - 15,000 baht 13 10.8 
15,001 - 25,000 baht 22 18.3 
25,001 - 35,000 baht 20 16.7 
35,001 - 45,000 baht 15 12.5 

More than 45,000 baht 39 32.5 

According to the study, it was found that most of participants who lived in Bangkok 

Metropolitan Region (50.8%) consumed honey 1-2 times per month, 18.3% of them consumed 

1-2 times per week, 11 % of participants consume honey 3-4 times per week and only 6% who 

consumed honey every day. The rest of them consumed honey less than once a month or 
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consumed it occasionally. Forty-five percentage of participants aware of floral type of honey 

that they consumed which not much different from the participants who unaware (55%). The 

floral type of honey that most of the participants be aware of, were forest honey (42.71 %) and 

longan honey (29.17%). The participants purchase honey at supermarket (57.2%), hypermarket 

(17.1 %) and beekeeper (9.9%). The top three most well-known brand of Thai honey were 

Chitralada (39.5%), Doi Kham (18.5%), and Vejchapong (10.2%); the percentages of these 

three brands were combined together for almost 70% of participants who lived in Bangkok 

Metropolitan Region. However, some participants (17.6%) cannot recognize the brand ofhoney 

or consume no brand honey. The participants usually consume honey with pancake, waffle, tea 

and toast respectively. On the other hand, they usually applied honey as an ingredient with tea, 

honey baked meat, crepe and yoghurt. 

Table 2: General factors on buying honey 

Factors Mean±SD 
Safety 7.6±1.5a 

Source 5.6±1.9b 

Sensory Quality 5.5±2.2b 

Specified Use 4.9±2.1 c 

Package 4.8±1.9c 

Price 4.6±1.9cd 

Volume 4.2±1.9de 

Uniqueness 4.1±1.9de 

Brand 3.7±2.le 

Note: Mean with the same letter are not significantly different at alpha level= 0.05 

There was significant difference between buying factors influencing affecting on 

consumer decision to purchase honey. (P<0.05). The most important attributes in general term 

was a safety followed by source and sensory quality which all of this were significantly more 

important than price. It is mean that Thai consumer do not mind to spend more money on the 

honey that is safe to consume, producing from reliable origin and containing good sensory 

quality of honey. The reason why the consumers emphasize on safety because there was the 

news about the production of adulterated honey by villager in Khan Kaen, Northern Thailand 

(TN AM COT, 2014 ). The origin of honey was mentioned as one of the most important attributes 

affecting on purchasing honey in many studies (Murphy et al., 2000; Batt & Liu, 2012; Roman 

et al., 2013; Cosmina et al., 2016). The origin of honey is also reflected to the authenticity of 

honey. There are many street vendors and villagers in Thailand who sell honey without brand 

and labeling which sometimes those honeys might be artificial honey. So, the consumer might 
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prefer to buy honey from reliable source such as buy it directly from beekeeper or buy the honey 

that is labeled with certification from the relevant. The sensory quality is also significantly 

important in the same level as origin ofhoney. The sensory quality of honey was directly related 

to perception of consumers and consumers' preference on characteristic of honey which the 

sensory characteristics are various due to floral type of honey and environmental condition. 

Both of specify use and packaging are in the same level of importance as price. If consumers 

do not have an experience in consuming any brand of honey, the attractiveness and utility of 

packaging might be included in their consideration. Plastic and glass are usually used as a 

material to produce container of honey. The glass container is considered to be the most 

desirable and attractive for customers (Ssenoga, 2015). On the other hand, the capital cost of 

plastic container is obviously cheaper and it also can be utilized by producing as a squeeze 

bottle to make consumer applied honey easily. In Asia, honey is not only used to consume 

because its deliciousness but people also applied it as a health supplement, an energy additive 

and to treat pre-existing medical conditions (Batt & Liu, 2012). The possible health benefits of 

honey have been documented since ancient time which were healing wound, fighting infection, 

treating infantile gastroenteritis, etc. (Haffejee et al, 1985; Deb Manda] et al, 2011; N ordqvist, 

2015). Volume, uniqueness and brand are the factors of honey which Thai consumer do not 

mind much about them especially brand of honey. According to the result, most of Thai 

consumer consumed honey 1-2 times/ month and when they consumed it, they may not really 

know the brand of honey because they consumed it as complete product or providing condiment 

for ~xample the honey that served with pancake in dessert shop, the honey that applied in honey 

roasted meat in restaurant or the honey that already mixed with lemon juice in beverage store. 

Besides, 17% of Thai consumers cannot remember the brand of honey or consumed no brand 

honey. Therefore, these are the reasons why brand is the least important factor for Thai 

consumer~. 

Table 3: Sensory factors on buying honey 

Factors Mean±SD 
Taste 4.3±1.2a 

Flavor 4.1±1.la 

Aroma 3.6±1.lb 

Viscosity 3.1±1.lc 

Clarity 3.0±1.lc 

Color 2.9±1.1 c 

Note: Mean with the same letter are not significantly different at alpha level= 0.05 
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There was also significant difference between factors in term of sensory (P<0.0001 ). 

Both taste and flavor are the most important attributes according to statistical analysis. There 

was a study in Australia mentioned that taste is unsurprisingly most influential factor (Batt & 

Liu, 2012). The important of flavor is due to its properties because flavor can be used to identify 

botanical and geographical origin of honey which the honeys from defined botanical and 

geographical origins possess distinctive sensory characteristics and also are considered as 

premium products which tend to have higher prices than honeys from mixed botanical origins 

(Cuevas-Glory et al, 2007; Manyi-Loh et al, 2011 ). In fact, there is a relationship between taste 

and flavor, somewhere between 75 and 95 % of what people usually aware of as taste actually 

occurs from the sense of smell which is flavor (Spence, 2015). Even aroma is less important 

than flavor but it also occurred from the sense of smell which its properties quite similar to 

flavor but aroma mainly perceived using nose instead of mouth like flavor. However, these 

factors can only be perceived after purchasing. So, the consumers who buy honey for the first 

time may consider more about general factors (Batt & Liu, 2012). Consumers tend to prefer 

honey with a thick texture and dark golden color due to its higher utility (Murphy et al, 2000). 

Viscosity of honey varies depending on the nectar source, floral type and environmental 

condition (Benefits of Honey, 2017). Color is the physical property perceived immediately by 

the consumer. It is also a useful criterion to classification unifloral honey. (Belay et al, 2015). 

Moreover, color is also related to flavor of honey. The darker honey tends to have stronger 

flavors due to more amount of phenolic compound derivatives (Bogdanov et al., 2004). Clarity 

was used in grading system of honey in U.S. to prevent pollen removing from filtrated process 

because consumers preferred honey with a trace of pollen due to its benefits. Even though 

clarity is correctly considered a relative less important (White, 2018). 

Generate sensory profiles of unifloral honeys by trained descriptive 
panelists 

All attributes had been selected for training require references for each of them to help 

panelists when they tasted the samples which were helped them in rating intensities to be easier. 

The references must be covered the intensity of every samples. Some references were brought 

from previous research which already had the name of products and intensities. Any attributes 

that did not have reference from previous research were determined by providing many types 

of product which represent each attribute to the panelists for one attribute at a time so they 

decided which one was selected to be the reference. They also rated the new selected references 
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which never have an intensity before and make a consensus of intensity for each reference. The 

name ofreference is available in Table 4. 

Table 4: Reference of all attributes in training 

Attributes 

Sweet 

Sour 

Bitter 

Floral Flavor 

Viscosity 

Intensity 
7 

8.5 

9.5 

10 

1.5 

2.5 

3.5 

1.5 

2 

3.5 

3.5 

5 

7 

9 

11 

12 

13 

Name of Product 

15% Sucrose 
(150gp~Ea_liter ofwater) 

20% Sucrose 
(200g_per a liter of water) 

22.5% Sucrose 
(2±5_g_peT_alit~r of water) 

25% Sucrose 
(25Qg_per a liter ofwaterl_ 

0.015% Citric acid 
(O.J~_g_per aliter ofwate_1:L 

0.025% Citric acid 
(0.25gper a liter of water) 

0.050% Citric acid 
( 0:1Qg__per a lil~ ()f \V_<lt_eE) 

0.011% Caffeine 
(O. l!g_12er a)iter of wateT) 

0.015% Caffeine 
(0.15g_p~i:_a !iteT ofwaterL 

0.025% Caffeine 
(0.25gp~r_a lit~_r of water) 

TEAS' TEA 
(Jasmine Green Tea-_Sweetl__ 

DEE DO 
(()ran~) 

KATO 
{()_r_<if!ge) 

HERSHRY'S SYRUP 
(Genuine c_h()~()late Flavor) 

KARO 
_ (J)_<irk CorI1_Syr_11p) 

MALI 
(Sweet Condense milk) 

SMUCKER Butter Scotch 
(FlaVOT~d 'f ()p_pi_n_g) 

Table 5: Sensory characteristics of unifloral honeys for five attributes 

Honey Sweetness Sourness Bitterness Viscosity Floral Flavor 
8.44±0.33ab 1.49±0.33bc 

. -

4.49±Q.39bc Eucalyptus l.78±0.25a 10.44±0.43c 

Forest2 8.29±0.34b 1.53±0.28b l .36±0.32cd 10.27±0.39c 4.33±0.37cd 

Longanl 8.27±0.43b l .47±0.30b l.3 l±0.39d 10.88±0.51 b 4.22±0.39d 

Lychee2 8.35±0.43b l.53±0.23b l.81±0.39a 10.85±0.37b 4.76±0.44a 

Macadamia 8.53±0.40a l.46±0.33b l .54±0.39b 10.74±0.40b 4.55±0.44b 

Orange 8.35±0.3 lb l.53±0.23b l .37±0.34cd 10.83±0.37b 4.40±0.35bcd 

Sesamel 8.32±0.33b l.77±0.32a l .33±0.29cd 10.90±0.39b 4.54±0.49b 

Sunflower! 7.72±0.38c l.12±0.24c 0.72±0.28e l l.77±0.39a 3.82±0.4le 

Note: Mean with the same letter are not significantly different at alpha level= 0.05 
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According to Table 5, there were significant difference between unifloral honeys 

product for every attribute (P<0.05). Macadamia honey contain the highest sweetness followed 

by eucalyptus honey. There was no significant difference between sweetness of forest, longan, 

lychee, orange and sesame which all of them contain less sweetness than eucalyptus honey. 

However, sunflower honey contained the lowest sweetness. Both of eucalyptus and sesame 

honey significantly in group of the highest sourness. There was no significant difference in 

sourness between the rest of them except sunflower honey that had the lowest sourness. The 

intensity of bitterness in these honeys from high to low were lychee, macadamia, eucalyptus, 

orange, forest, sesame and sunflower honey. There was significant difference within bitterness 

of all honeys except orange, forest and sesame, there were no significant difference within their 

bitterness. Sunflower honey significantly contained the highest viscosity followed by sesame, 

longan, lychee and orange honey respectively which were no significant difference in their 

viscosity. Both of eucalyptus and forest honey significantly contained the lowest level of 

viscosity. There was significant difference between floral flavors of all honey samples except 

macadamia and sesame honey which were no significant difference between them. Lychee 

honey contained the strongest floral flavor followed by macadamia, sesame eucalyptus, orange, 

forest, longan and sunflower honey respectively. 

Table 6: Liking score of honey samples from 50 assessors in 6 attributes 
·--

Honey Overall Sweetness Sourness Bitterness Viscosity Floral 
Liking Flavor 

Eucalyptus 5.7±1.80bc 5.7±2.l lcd 5.5±2.03bc 5.6±2.08bc 6.5±1.59 b 5.4±1.80bc 
Forest2 6.2±1.59b 6.3±1.64b 6.0±1.77b 5.8±1.67b 6.7±1.35b 5.9±1.85b 

Longanl 7.2±1.473 6.9±1.63a 6.5±1.553 6.6±1.653 6.8±1.68ab 7.0±1.483 

Lychee2 5.2±1.75c 5.4±2.04d 5.3±1.69c 5.l±l.96c 6.3±1.51 b 5.4±1.92bc 
Macadamia 5.5±1.83c 5.8±1.99bcd 5.5±1.69bc 5.6±1.84bc 6.3±1.47b 5.3±1.90bc 

Orange 5.4±1.84c 5.7±1.85cd 5.5±1.75bc 5.6±1.79bc 6.5±1.42b 5.0±l.74c 
Sesamel 6.2 ±l.78b 6.0±l.96bc 5.7±1.71 be 6. l±l.66ab 6.7±1.52ab 5.9±1.79b 

Sunflowerl 7.3±1.373 6.9±1.51 a 6.5±1.673 6.6±1.61 a 7.2±1.233 7.0±1.463 

Note: Mean with the same letter are not significantly different at alpha level = 0.05 

Determine consumers' preferences toward different unifloral honeys 

There was significant difference between honey samples in overall liking, sweetness, 

sourness, bitterness and floral flavor (P<0.05). There was also significant difference in viscosity 

of honey samples. According to statistical analysis in Table 6, the significantly most preferred 

honeys for all attributes were sunflower and longan honey which the sensory attributes of them 

showed that these both types of honey contained sweetness, sourness, bitterness and floral 
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flavor less than other honey samples except the sour taste which only macadamia contained 

lower sweetness than longan. However, both types of honey contain higher viscosity than all 

samples of honey except sesame which got higher viscosity than longan. On the other hand, the 

significantly least preferred honey was lychee honey. It contained the lowest liking score in 

most characteristics which were overall liking, sweetness, sourness, bitterness. Likewise, it 

almost contained lowest score in viscosity and floral flavor, only eucalyptus that got lower score 

than lychee honey in viscosity and only orange honey that contained liking score less than it. 

Comparing sensory characteristics with liking score of all samples, consumers tend to prefer 

the honey that contained less sweetness, sourness and bitterness. Moreover, they also preferred 

honey that contained mild flavor and thick texture. 

CONCLUSION 

Studies shown that most of Thai consumers consumed honey 1-2 times/months and 

usually buy honey at supermarket. The consumers are willing to pay for safety of honey, reliable 

source and good sensory quality due to availability of adulterated honey in Thailand. Thai 

consumers also pay attention on taste, flavor and aroma for sensory characteristics, however 

these physiological factors can be perceived after purchasing only, so the consumers should be 

more considered about general characteristics if they do not have any experience in those 

honeys before. The sensory profiles of eight uni floral honey were generated by focusing on five 

attributes which were sweetness, sourness, bitterness, viscosity, and floral flavor. Thai 

consumers tend to prefer the unifloral honey that contained less sweetness, sourness and 

bitterness. Moreover, they also preferred honey that contained mild flavor and thick texture 

which these sensory characteristics referred to sunflower and longan honey. 
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ABSTRACT 

Thailand is not a major honey producer and exporter, but Thai honey is demanded by world 
market due to its unique flavor from tropical fruit blossoms. originating from South Eastern 
Asia. This study aimed to determine the sensory characteristics of Thai honey and their food 
applications using a sorting technique with different groups of consumers together with 
consumer acceptance level towards each group of honey. Twenty-four honey samples were 
selected based on honey varietal and availability in Thailand. The sorting was applied by three 
different groups of consumers including non-honey user (n=30), a regular honey user (n=30) 
and a culinary group (n=30). According to the study, Longan I, Longan2, Sunflower I, multi­
floral honey from Northern, North Eastern and Western part of Thailand were grouped together 
and were preferred by all groups of assessors. The characteristics of these honeys were 
described related to floral flavor; jasmine flavor was described by all groups. moreover both 
non-honey user and culinary group used the words "floral flavor" directly. Non-honey user also 
applied more words to explain these honeys such as lotus and chrysanthemum. On the other 
hand, the similarities also appeared in the opposite di_rection. The five non-preferred honey 
sample were categorized into two groups; the first group was composed of Lychee I and 
Lychee2, and these samples were associated with chemical flavor which was described by non­
honey user, regular honey user and culinary group as chemical, alcohol and plastic respectively. 
The other group included multi-floral honey from the South, Stingless and Florea, which were 
described similarly with terms related to fermented flavor. Vinegar flavor had been mentioned 
by both non-honey user and culinary group. however regular honey user also explained them 
as spoiled and fermented flavor. For honey application in food, most assessors identified 
product with categorical words such as dessert, beverage and bakery. 

Keywords: Honey, Consumer behavior, Sensory property, Sorting 
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INTRODUCTION 

In 2013, 1.7 million tons of honey were produced worldwide (FAOSTAT 2013). In 

Asia, honey is not only used for consumption because its deliciousness but people also applied 

it as a health supplement, an energy additive and to treat pre-existing medical conditions (Batt 

& Liu, 2012). Even if Thailand is not a major producer and exporter comparing to the other 

countries, Thai honey is demanded by world market due to its unique characteristics because it 

is produced with different types of flower from other countries such as longan, lychee, wild 

flower etc. which gives an advantage over honey from other countries (Kongpitak, 2014). These 

variety of floral types are directly related to the sensory characteristics of honey due to different 

compositions of nectar in each type of flower which provide distinct color, texture, tastes and 

aromas especially flavors that reflected the flowering plants (Overton & Manura, 1995; Manyi­

Loh et al, 2011 ). Moreover, there are also other factors affecting sensory characteristics of 

honey such as bee species and environmental conditions. 

There are dissimilar perception perspectives between different groups of people especially 

consumers and experts. Experts' opinion on product do not always indicate the needs of 

consumer because they may prioritize on distinct factors. There are some studies revealing that 

consumers and experts focused on different criteria whereas consumers paid more attention on 

their liking to decide whether they want to buy product or not, on the other hand experts are 

more concerned by the quality of product (Caporale et al., 2006; Schiefer & Fischer, 2008). 

Likewise, Chef can be considered as a culinary expert who has to seriously cook for serving 

delicious food to customers every day (Dhavale, 2018). Their knowledge and experience had 

been increased through the time, therefore the way that they use to describe food may be 

dissimilar to consumers. 

In sensory analysis, human's senses can be applied as a tool to establish sensory profiles 

from each types of honey. The most common method that is used to determine sensory 

characteristics is descriptive analysis. The well-known descriptive analysis includes Flavor 

Profile Method, the Texture Profile Method, Quantitative Descriptive Analysis® (QDA®) and 

Spectrum™ Descriptive Analysis which all of them were widely applied in many sensory 

studies because they can be used to manage quantitative comparisons to be made across 

different products on specific attributes (Murray et al., 200 I). However, these methods require 

much time to spend on recruiting and training the assessors. Sorting is one of the rapid sensory 

profiling techniques that had been developed to improve the efficiency of the data collection 

process while trying to maintain the information obtained as in classical descriptive analysis 

35 



(Fleming et al., 2015). The sorting technique is a method for collecting similarity data to 

generate perceptual map by using stimulated perception of assessors to categorize samples into 

groups based on knowledge and experience. This technique works really well for reducing large 

sample sets to smaller numbers and, with word labelling, for revealing the sensory or other 

attributes (Sensory dimensions, 2015). It is also widely used because it is rapid and simple for 

participants, moreover it also provides reliable result (Lawless & Glatter, 1990; Lawless et al., 

1995; King et al., 1998). However, the result from this method may lack some details so this 

method is not suitable for someone who need to understand product precisely. Additionally, the 

performance of assessor can be influenced by sensory and memory fatigue due to excessive 

number of sample and the characteristic of product itself especially the product that requires to 

evaluate flavor and aroma. 

Honey is a naturally occurring sweetener that is produced by bees which can be applied in 

various categories of food due to its sweetness and properties. Honey is used a lot in baking 

industry to enhance flavor, keeping quality and improving texture of bakery product. It is also 

used in confectionary production as flavoring, binding and sweetening agent. Besides, the 

antibacterial property of honey is utilized for inhibiting microbial spoilage of food. The ability 

of honey is also used to improve the growth of dairy starter cultures in milk and other dairy 

products which also can be used as a prebiotic additive to probiotic dairy products (Aibolita, 

2018). Additionally, antioxidant properties of honey are applied to prevent oxidation of food 

during storage including lipid oxidation of meat (Nagai et al. 2006). Meanwhile, honey is also 

used by consumer themselves as an ingredient in cooking or directly to consume it with other 

products. Some people prefer to use honey as a sugar replacement due to nutrients and benefits 

of honey over granulated sugar, however different types of honey contain distinct aroma, taste 

and flavor so the application of each type of honey on food may be dissimilar. 

Therefore, the aim of this project was to study sensory characteristics of Thai honey by 

applying sorting technique with different groups of consumers and to determine consumers' 

preferences toward these honeys. Lastly, to define types of food that should be consumed with 

varied sensory characteristics of honey. 
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MATERIALS AND METHODS 

Samples 

Twenty-four honey samples were selected due to their variety and availability in 

Thailand which included honey from longan, lychee, sesame sunflower, wild flower (siam 

weed), coffee, forest and macadamia. Two samples were chosen from each of them except 

macadamia which had only one. Moreover, the multi-floral honey from each part of Thailand 

were selected which were multi-floral honey from northern, north eastern, eastern, western, 

southern and middle part of Thailand. The rest of them were also multi-floral honey which were 

produced by distinct types of bee such as cerana, florea and stingless. All of these three honeys 

were not passed any heat treatment included lycheel, forestl and multi-floral honey from the 

South. 

All of samples were provided on the tray to assessors at the same time with water, plastic 

coffee spoons and sorting ballot. Each sample was labeled with different 3-digit code. The 

samples were served in 1 Oz white plastic cups at room temperature. The amount of honey per 

cup was about 5 grams. The water was applied as a rinsing product. 

Panelists 

According to the previous part, most of Thai consumers consumed honey 1-2 times/ 

month (Ketwaropaskul et al., 2017). The consumption frequency was applied as criteria to 

categorize the assessors. The assessors who not consumed honey or rarely consumed honey, 

less than once a month were categorized as non-honey user, on the other hand the assessors 

who consumed honey once a month or more were grouped together as regular honey user. The 

last group is composed of chefs or consumers who have culinary background on honey. 

Therefore, the sorting was applied by three different groups of consumers including non-honey 

users (n=30), regular honey users (n=30) and culinary group (n=30). 

Procedure 

Sorting technique was applied to study sensory characteristics of honey samples. The 

assessors were assigned to group the samples according to similarity based on experience and 

knowledge of each person. The ballot is composed of 5 parts to fill in which include group 

number, sample codes, characteristics, liking score and honey application on consuming 

product. 
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Group number part was applied to write down the group number and sample code part 

was used to write down 3-digit code of samples within the same group. The similar 

characteristics within group were described in the part of characteristics. Nine-point hedonic 

scale was used to rate the liking score of groups in overall liking part. The last part was applied 

to write down the products that should be consumed or cooked with honey. 

Data analysis 

The data from sorting of honey characteristics and honey application was analyzed by 

DISTATIS of RStudio 0.99.467. The liking score was analyzed by ANOVA with Duncan 

multiple comparison of SAS9.4. 
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RESULTS AND DISCUSSION 

Consumers' preferences toward honey 

Table 7: Liking score of Table 8: Liking score of Table 9: Liking score of 
honey samples by non- honey samples by regular honey samples by culinary 

honey user honey user group 

Hon~y Mean±SD Honey. Mean±SD Honey Mean±SD 
West 7.3±1.1 a Longan2 6.9±1.6 a Longanl 7.1±1.9 a 
Wildt 7.0±1.1 ab Longanl 6.9±1.6a Sunflower! 7.0±1.8 a 

Sunflower! 7.0±1.4ab Sunflower! 6.8±1.7ab Coffee2 7.0±1.8 ab 
Longanl 6.9±1.2 ab Coffee2 6.8±1.6 ab West 7.0±1.8 ab 

North 6.8±1.3 ab East 6.8±1.5 ab Longan2 6.9±1.8 ab 
Sesame2 6.6±1.5 abe North 6.7±1.5 ab Wildt 6.9±2.0 ab 
Longan2 6.6±1.6 abe West 6.7±2.0 ab North East 6.8±1.5 ab 

North East 6.5±1.7abed Middle 6.5±2.0 abe North 6.7±2.1 abe 
Middle 6.3±1.5 abed North East 6.2±1.9 abed Sesame2 6.4±2.5 abed 

East 6.2±1.8 abede Wild2 6.2±1.8 abed Sesamel 5 .9±2.1 abed 
Coffee2 6.0±2.1 abede Sesame2 6.2±2.1 abed Wild2 5.8±2.3 abed 
Wild2 5.8±2.1 abedef Wildt 6.0±2.2 abed East 5.7±2.3 abed 

Macadamia 5. 7± 1. 8 bedef Sesamel 5. 9±2 .4 abede Forest2 5.4±2.0 abede 
Sesamel 5 .3±1. 9 edefg Cerena 5 .8±2.1 abede Middle 5.4±2.2 abede 
Cerena 5.3±1.8 edefg Sunflower2 5.3±2.2 bedef Macadamia 5.3±2.8 abcde 

Sunflower2 5.2±1.6 edefg Forest2 5.1±1.9 edefg Cerena 5.2±2.2 bedef 
Forest2 5.1±2.0 defg Macadamia 5.1±2.2 edefg Sunflower2 4.9±2.3 edefg 
Lychee2 5 .1±1. 9 defg Coffeel 4.8±2.4 defgh Coffeel 4.8±2.7 defg 
Coffeel 4.8±1.96 efg Florea 4.7±2.4 defgh Lychee2 3.9±2.4 efgh 
Lycheel 4.8±2.3 efg Lychee2 4.7±2.4 defgh Stingless 3.4±1.9 fgh 
Florea 4.5±1.8 fgh Lycheel 4.4±2.3 efgh Lycheel 3.4±1.9 fgh 
Forestl 3.9±2.2 gh Forestl 3.8±2.2 fgh Florea 3.2±1.9 gh 
South 3.9±2.0 gh South 3.6±2.2 gh Forestl 3.2±2.1 gh 

Stingless 3.2±1.84h Stingless 3.4±2.3 h South 2.5±1.9 h 

Note: Mean with the same letter are not significantly different at alpha level = 0.05 

There was significant difference between liking scores of honey samples in every groups 

of consumers (P<0.0001 ). According to the Table 7 to 9, the most preferred honey of non-honey 

user was multi-floral honey from Western part of Thailand followed by Wild I, Sunflower I, 

Longan 1 and Northern part honey. On the other hand, the least preferred honey sample for this 

group was stingless followed by Forest! and multi-floral honey from Southern Thailand which 

also similar to dislike of regular-honey user. The most preferred honey samples were both 

Longan! and Longan2 followed by Sunflower!, Coffee2, multi-floral honey from Northern, 

Eastern and Western part of Thailand. For culinary group, the most preferred honeys were 

Longan! and Sunflowerl followed by Coffee2, Longan2, Wildl, multi-floral honey from 
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Western and North Eastern Thailand, multi-floral honey from Southern Thailand was disliked 

by culinary group followed by Forestl and Florea. 

Sorting 
Compromise & Confidence Interval 

Figure I: The confidence intervals of sorting task by DIST A TIS which showed the 
configuration of ellipsoids of 24 honey samples by non-honey user. 
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Figure 2: The description of aroma on DIST A TIS map by non-honey user 
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Figure 3: The description of taste and flavor on DIST A TIS map by non-honey user 
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Figure 4: The description ofmouthfeel on DISTATIS map by non-honey user 
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Figure 5: The description of honey applications on DIST A TIS map by non-honey user 

Compromise & Confidence Interval 

Figure 6: The confidence intervals of sorting task by DISTA TIS which showed the 
configuration of ellipsoids of 24 honey samples by regular honey user. 
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Figure 7: The description of aroma on DIST A TIS map by regular honey user 
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Figure 8: The description of taste and flavor on DIST A TIS map by regular honey user 
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Figure 9: The description of mouthfeel on DIST A TIS map by regular honey user 
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Figure 10: The description of honey applications on DISTATIS map by regular honey user 
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Compromise & Confidence Interval 

Figure 11: The confidence intervals of sorting task by DIST A TIS which showed the 
configuration of ellipsoids of 24 honey samples by culinary group. 
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Figure 12: The description of aroma on DIST A TIS map by culinary group 
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Figure 13: The description of taste and flavor on DISTATIS map by culinary group 
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Figure 14: The description of taste and flavor on DISTATIS map by culinary group 
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Figure 15: The description of honey applications on DIST A TIS map by culinary group 

According to the Figure 1 to 9, Twenty-four honey samples were sorted by non-honey 

user, regular honey user and culinary group where the samples were categorized into 3, 4 and 

3 groups respectively. The confidence interval showed the information to compute statistical 

confident ellipses around the samples. If the confidence ellipsoids of any samp.les are not 

intercept, those samples are considered as significant difference by assessors. Confidence 

interval is significant at P<0.05. 

Non-honey user 

According to Figure 1 to 4, Twenty-four honey samples were mainly categorized into 3 

groups. Longan!, Longan2, Sesame2, Sunflower!, Wildl, multi-floral honey from Northern, 

North Eastern and Western part of Thailand were the top eight most preferred honey for non­

honey user group which were grouped together and were mainly described as floral flavor; 

chrysanthemum flavor was used to indicate all of honeys in this group. Jasmine flavor was also 

applied to explain characteristic ofSunflowerl, Longan2, multi-floral honey from Northern and 

Western. Moreover, both Longan! and multi-floral honey from the North were also mentioned 

as lotus flavor. The word "floral" was also applied in term of aroma which was used to explain 
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these honeys except Longan!. Sunflower!, Longan!, multi-floral honey from North Eastern 

and Western part of Thailand were described as mild aroma. 

On the other hand, the second group were ordered as four of the most disliked samples for 

this group which included Forest!, Florea, Stingless and multi-floral honey from Southern 

Thailand. Tamarind flavor was used to explain these four honeys. Besides all of these honeys 

also contained savory flavor except Stingless which contain savory aroma instead. Some of 

them had their own uniqueness. Vinegar was mentioned in both aroma and flavor to express 

unique characteristics of Stingless, moreover it was also described as berry flavor. Florea was 

indicated as molasses aroma and particle mouthfeel. Lychee I, Lychee2, Macadamia and Wild2 

were combined in the same group due to similar attributes which were chemical and medicinal 

flavors, besides Lychee! and Wild2 were also described as medicine aroma Coffee2 was 

uniquely mentioned as both aroma and flavor of coffee. 

Regular honey user 

Regular honey user mainly classified the samples into 4 groups according to Figure 6 

to 9. Longan I, Longan2, Sunflower!, multi-floral honey from Northern, Eastern, North Eastern 

and Western part of Thailand were grouped together due to similarities of characteristics; good 

flavor was used to indicate all of honeys in this group. Syrup flavor was also mentioned by the 

assessors for these honey except multi-floral honey from the West. Jasmine flavor was used to 

describe characteristic of Sunflower!, Longan2, multi-floral honey from Northern and North 

Eastern part of Thailand. These honeys were preferred by the honey user group. 

The next group was disliked by the assessors which were Lychee!, Lychee2 and 

Forest I. Alcohol flavors was used to explain attributes of these three samples. Both Lychee 

samples were also mentioned as woody and herb flavors. Wild2, Florea, Stingless and multi­

floral honey from Southern Thailand were grouped together; All of them were described as 

ferment flavor. Spoiled flavor was used to indicate these honeys except Florea. Stingless and 

Florea were mentioned as soy sauce aroma and burnt flavor, moreover some assessor specified 

stingless as burnt sugar flavor with Wild2. Florea, Stingless and honey from the South were 

also described as sour aroma. Particle mouthfeel was used to explain Florea. The last group 

composed of Coffee 1, Sesame 1, F orest2 and Cerana; J aggery flavor was used to indicate all of 

honeys in this group except Cerana. Sesame 1 and Cerana were expressed as cotton candy flavor. 

Butter and nut flavors were mentioned for Coffee I and Forest2. Lastly, both coffee flavor and 

aroma were used to described unique characteristic of Coffee2. 
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Culinary group 

According to Figure 11 to 14, the honey samples were mainly categorized into 3 groups. 

Lychee!, Lychee2, Forestl, Florea, Stingless and multi-floral honey from the South were 

grouped together because they had their own unique characteristics, therefore some of them 

were described differently. Both Lychee honeys were described as plastic flavor, however 

Lychee! was also mentioned as soy sauce flavor with Forest! and multi-floral honey from the 

South. Soy sauce was also mentioned in term of aroma with honey from the South, Stingless, 

Florea and Forest!. Medicine flavor was applied to explain characteristic of Lychee!, Forest! 

and Florea. Florea was also described as vinegar flavor and particle mouthfeel with Stingless. 

Stingless and honey from the South were mentioned as intense sour aroma honey. Due to these 

disliked characteristics for honey, these samples were ranked as the six least preferred honey 

for the culinary group. 

On the other hand, the second group was preferred by these assessors which composed of 

Longan!, Longan2, Sesame2, Sunflower!, multi-floral honey from Northern, North Eastern 

and Western part of Thailand. All of these samples were described as floral flavor. Vanilla 

flavor was also applied to explain all honeys except multi-floral honey from North Eastern of 

Thailand and Sesame2, however both of these honeys were mentioned as sakura flavor with 

Longan2 and Sunflower I. Jasmine flavor was used to describe characteristic of Longan2 and 

multi-floral honey from the North. Coffee and caramel flavors represented characteristics of 

Coffee2. Forest2, Sesame 1, Wild2 and multi-floral honey from the Middle part of Thailand; all 

of these honeys were described as spices and black vinegar flavors except Sesame!. 

Similarities and differences 

The similarities of grouping were occurred among three groups of assessors; even the 

characteristics of honeys were described in the same manner, some of them were different in 

details. Longanl, Longan2, Sunflower!, multi-floral honey from Northern, North Eastern and 

Western part of Thailand were grouped together and were preferred by all groups of assessors. 

The characteristics of these honeys were described related to floral flavor; jasmine flavor was 

described by all groups, moreover both non-honey user and culinary group used the words 

"floral flavor" directly. Sakura flavor was mentioned by the culinary group. Non-honey user 

also applied more words to explain these honeys such as lotus and chrysanthemum flavors. 

On the other hand, the similarities also appeared in the opposite direction. The five non­

preferred honey sample were categorized into 2 groups; the first group was composed of 
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Lychee! and Lychee2, and these samples were associated with chemical flavor which was 

described by non-honey user, regular honey user and culinary group as chemical, alcohol and 

plastic respectively. The other group included multi-floral honey from the South, Stingless and 

Florea which were described in the similar direction related to fermented flavor. Vinegar flavor 

had been mentioned by both non-honey user and culinary group, however regular honey user 

also explained them as spoiled and fermented flavor. Both regular honey user and culinary 

group described Stingless and honey from the South as sour aroma, however culinary group 

mentioned that the aroma was intense. Stingless was also specified as vinegar aroma by non­

honey user which related to sour aroma. Florea was described as particle mouthfeel by all 

groups of assessors. Actually, these three sample were raw honey which were not processed in 

any heat treatment. Finally, coffee flavor and aroma were applied to explain unique attributes 

of Coffee2 by every groups except coffee aroma for culinary group. 

Four categories of characteristics were used to described honey samples. Tastes were 

prioritized by all groups of assessors especially sweetness. The reason why the assessors paid 

attention on tastes is because there were only five tastes and everyone exactly recognized and 

distinguished at least four of them; some people might not understand taste ofumami, however 

tastes were not used because they were mentioned for a lot on samples, so most of tastes 

attributes appeared on the middle area of the DIST A TIS map. Therefore, it might be better to 

use flavors to described honey samples due to variety of them. 

Flavors were also used to explain attributes of honeys; however, the number of flavors was 

numerous comparing to tastes. There might not be only one flavor in· one honey; one honey 

might have several complex flavors which assessor could not separate and identify. Even they 

applied the identical words, they might refer to distinct flavors. For example, floral flavor was 

mentioned the most for flavors; some of them also specified floras as chrysanthemum or 

jasmine which both of them obviously provided different smells. Aromas were applied fewer 

than flavors; the reason might be related to the intensity of aroma because some of honeys were 

described as mild or no aroma. It might occur due to amount of honey in the plastic cup which 

was only 5 grams per cup. Lastly, viscosity was usually mentioned in term of mouthfeel. 

Table 10: The number of words that were described by each group of assessors 

Groups of assessors Words (Mean± SD) 
Non-honey user 12.2 ± 5.0 a 

Regular honey user 12.9 ± 6.0 a 
Culinary group 9.8 ± 2.7 b 

Note: Mean with the same letter are not significantly different at alpha level= 0.05 
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According to table 10, there was significant difference between groups of assessors in 

number of words that used to describe characteristics of honeys. Surprisingly that culinary 

group showed significantly fewer words than non-user and regular user group. The culinary 

group should have more words to explain honey samples because they were familiar with 

cooking, therefore they should have more knowledge and experience in characteristics of food. 

Additionally, the total amount of characteristics was provided by non-honey user, regular honey 

user and culinary group were 80, 97 and 67 respectively. So, the culinary group also got fewer 

of total characteristics. However, it might refer that they could categorize sample in the similar 

words with more frequency. The total number of honey applications were indicated by the most 

regular honey user (57) followed by culinary group (35) and non-honey user (33). The regular 

honey user provided the most honey applications on consumable product. The reason might 

occur from familiarity of using honey; this group of assessors already applied honey at least 

once a month, so they might have more ideas from the products that they used to consume with 

honey before. 

Honey applications 

Most assessors explained product in categorical words such as dessert, beverage and 

bakery, however some of them also identified product specifically. The honey applications in 

food were described according to the similarities of grouping in Figure 5, 10 and 15. Starting 

with the preferred honey group for which their characteristics were described related to floral 

flavor. Non-honey user mentioned that these honeys should be consumed with yoghurt and 

applied as sugar substitute, besides some of them also described that it could be consumed with 

anything. Beverage products had been mentioned by regular honey user and culinary group; 

water was identified by both of them. Regular honey user described more products such as hot 

tea and honey lemon, on the other hand smoothie and beverage were mentioned by culinary 

group. Lychee 1 and Lychee2 were grouped together based on chemical attributes. Nothing was 

mentioned by non-honey user and regular honey user, however the culinary group described 

that both of them should be applied in Chinese food. Forest I was also mentioned to be utilized 

in Chinese food by culinary group, besides meat and marinade were described by regular honey 

user and non-honey user respectively. So, the applications ofForestl could be related to savory 

food. The last group included multi-floral honey from the South, Stingless and Florea which 

represented fermented flavor. Non-honey user could not match these honeys with any product. 

However, honey lemon and smoothie were mentioned by regular honey user and culinary group 

respectively. 
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CONCLUSION 

Studies showed that the characteristics of honey preferred by the assessors was flavor which 

is related to flora which should be consumed with beverage product. On the other hand, the 

disliked attributes of honey mentioned by the assessors are composed of characteristics related 

to fermented and chemical flavors especially vinegar; only some of them mentioned that honeys 

with these flavors should be applied with Chinese food and beverage respectively. Moreover 

sour-related aroma was also indicated. Tastes were the most mentioned characteristics, however 

most of them appeared on central area of DIST A TIS map, therefore flavors were applied to 

explain honey characteristics instead of tastes. The words described by culinary group was 

obviously fewer than the others even they were more familiar in cooking, however it also 

depended on individual experiences because some assessors from other groups might perceived 

something that was perfectly proper to described characteristics of honey before. Finally, 

Number of honey application were the most mentioned by regular honey user due to their 

routine consumption of honey, at least once a month. 
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ABSTRACT 

Thai honey is demanded by world market due to its unique flavor from tropical fruit blossoms. 

originating from South Eastern Asia. Due to the increasing demand of honey consumption: the 

honey was adulterated by different sugar syrups. This study is aimed to group pure honey and 

different ratios of mixed honey and glucose syrup; and to generate sensory profiles of Thai 

honeys by using semi-trained descriptive assessors. Lastly. to determine important 

physicochemical properties of honey. Twenty-seven honey samples were selected based on 

honey varietal, availability in Thailand and adulterated honey by glucose syrup. The sorting 

was applied by 30 assessors with various ratios of honey per glucose syrup from 10% of honey 

to I 00% of honey with 10% increments. According to the study. the seventy-percentage honey 

with thi11y-percentage glucose syrup was a ratio with the highest percentage of honey which 

the assessor not considered as significant difference from the original honey. The terminologies 

and references of Thai honey were generated for 22 sensorial characteristics by 6 semi-trained 

descriptive assessors. The assessors were trained for 4 7 sessions before generating the sensory 

profiles which included one appearance four tastes and seventeen flavors. The sensory profiles 

of Thai honey were also generated based on these attributes. paralleling with analysis of 

physicochemical properties such as color and Brix. The uniqueness of samples was discovered 

in many samples; however. Stingless was the most unique honey due to the highest intensity in 

many attributes such as sourness. and fruit. ferment, worcester sauce and herb flavors. 

Moreover, the L *. a* and b* of stingless were significantly the least for al 1 three values which 

were 0.2, 1.0 and 0.3 respectively; so, the color of stingless must be the darkest. On the other 

hand, the L*, a* and b* ofSuntlower2 (61.4. 31.0. 103.9) and Lychee2(58.3. 35.7. 98.5) were 

rated as the top two highest values which represented lighter. reddish and very yellowish color. 

Lastly, the degree Brix could not be applied to measure sweetness in honey if the types of sugar 

are unidentified. 

Keywords: Honey, Adulterated honey, Sensory property, Sorting 
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INTRODUCTION 

In 2017, global sales from natural honey exports by country totaled US$2.4 billion 

which expanded from last year 5 .8%. Asian countries accounted 23. I of global exports; 11.44% 

of them were from China (Workman, 2018). Due to the increasing demand of honey 

consumption; the honey was adulterated by different sugar syrups (Wu et al., 2017). Chinese 

honey factories harvested honey while it unripe which it still had high water content, after that 

the honey was dried artificially and filtrated to remove unwanted matter included pollen 

(Tamma, 2017). Chinese honeys spread through European countries in last decade due to 

inadequate of honey production in Europe. However, adulterated honey was mainly divided 

adulteration of honey into 2 categories which were direct and indirect methods. Indirect 

adulteration was occurred by feeding honey bee with honey, chemical or industrial sugars 

(Guler et al., 2007), on the other hand direct adulteration was generated by adding sugar syrup 

or any other substances into authentic honey (Zabrodska & Vorlova, 2015). The news agencies 

in Thailand also reported about production of adulterated honey by the villagers. The fake 

honey was produced by mixing authentic honey with glucose syrup and granulated sugar 

(TNAMCOT, 2014; ThairathTV, 2017). Adulterated honey was not only affecting on quality 

and nutrition but also could be harmful to consumers. There were several studies which have 

been experimented to detect honey adulteration. Yilmaz et al (2014), Zabrodska & Vorlova 

(2015) and Nalia et al. (2018) summarized all previous approaches for detecting adulterants in 

honey, moreover Yilmaz et al. (2014) also introduced a novel and potential approach to detect 

honey adulteration by fructose and saccharose syrups which were steady, dynamic and creep 

analysis. Likewise, recent study of Wu et al. (2017) revealed the methods to detect sugar-based 

adulterants in honey which included SRICA, GC, HPAEC, HPLC, IR-based analysis, NMR, 

Raman spectroscopy speed up and Q-TOF-MS. However, these approaches mostly were 

chemical or enzymatic reactions which had to take time for analysis due to several preparation 

steps; besides, laborious preliminary experiments and expert operators were also required 

(Yilmaz et al, 2014). So, the approaches for the development of a portable test kit were studied 

which the most effective methods included ELISA, electronic tongue and NIR (Nalia et al., 

2018). Many approaches have been constantly developed to detect adulterants in honey, 

however none of any approaches at present could be applied to detect all the adulterants in the 

honey individually because there are so several methods of adulteration. (Schwarzinger, 2017; 

N alia et al., 2018) 
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Sensory analysis is one of the interesting and promising approaches to detect adulterants 

in honey by determining the unique characteristics of each adulterant. Moreover, sensory 

analysis also could be used to establish sensory profiles of honey by applying human's senses 

as a tool. The well-known descriptive analysis included Flavor Profile Method, the Texture 

Profile Method, Quantitative Descriptive Analysis® (QDA®) and Spectrum™ Descriptive 

Analysis. These approaches were widely applied in many sensory studies to determine sensory 

profiles which could be utilized in various ways, however all of them were also time-consuming 

methods which composed of panel recruitment and panel training; maintaining skill of assessors 

after training was also required (Chambers & Wolf, 1996). Therefore, rapid sensory profiling 

techniques have been developed to increase efficiency for alternating traditional sensory 

descriptive analysis which included check-all-that-apply (CATA), sorting, and polarized 

sensory positioning (PSP). However, these approaches lack of direct scaling of multiple 

attributes (Fleming et al., 2015). 

Sensory characteristics of honey were varied due to floral types, bee species and 

environmental conditions which all of them had effects on providing distinct color, texture, 

tastes and aromas especially flavors (Overton & Manura, 1995; Manyi-Loh et al., 2011; 

Stolzenbach et al., 2011). There were several studies on sensory of honey in the last few 

decades. Terminology of floral honey was developed by Galan-Soldevilla et al. (2005). 

Ciappini et al. (2013) established an approach for recruiting and training assessors to determine 

characteristics that could be used to differentiate clover honey from eucalyptus honey by using 

descriptive quantitative analysis. Moreover, sensory analysis of honey from honeybee were 

researched worldwide by focusing on distinct factors included differences of bee species, honey 

varietals, geography and seasons; mostly sensory analysis of honey was studied together with 

physiochemical properties (Gupta et al., 1992; Esti et al., 1997; Anupama et al., 2002; Castro­

Vazquez et al., 2008; Stolzenbach et al., 2011; Silvano et al., 2014; Kortesniemi et al., 2018; 

Kumar et al., 2018). There were numerous studies focusing on physicochemical properties of 

honey. Two of the most important physiochemical factors were color and sugar content because 

color is not only used in representing honey varietals but it is also the physical property 

perceived immediately by the consumers; moreover, color is one of the main factors consumers 

use when making choices in consumable product, and it even affects our perception of flavor 

because many people associate a specific color with a certain flavor expectation (Katrina, 2014; 

Helena,2017). Moreover, the darker honey is suggestively related to a very flavored product, 

whereas the lighter honey tends to be more subtle and refined fragrances (Gonnet & Aubert, 

1986; Grembecka & Szefer, 2013). Sugar content is directly associated with sweetness which 
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is obviously a main function of honey as sweetener. Around seventy-five percentage of overall 

sugar in honey is represented by monosaccharide which roughly half is glucose and half is 

fructose; however, the proportions may vary depending on the honey varietals (Saxelby, 2014; 

Missio da Silva et al., 2016). Sensory profile of honey from stingless bees was also studied 

(Ferreira et al., 2009; Costa et al., 2018). 

Thai honey is also demanded by world market due to its unique flavor from tropical 

fruit blossoms, originated from South Eastern Asia (Kongpitak, 2014). Therefore, the aim of 

this study was to group pure honey and different ratios of mixed honey and glucose syrup; and 

to generate sensory profiles of honeys available in Thailand by using semi-trained descriptive 

assessors. Lastly, to determine important physicochemical properties of honey 

MATERIALS AND METHODS 

Samples 

Twenty-seven honey samples were selected due to honey varietals and availability of 

them in Thailand which included honey from Longan, Lychee, Sesame, Sunflower, Wild flower 

(siam weed), Coffee, Forest and Macadamia. Two samples were chosen for each of them except 

Macadamia which had only one. Moreover, the multi-floral honey from each part of Thailand 

were selected which included multi-floral honey from Northern, North Eastern, Eastern, 

Western, Southern and Middle part of Thailand. The rest of them were also multi-floral honey 

which were produced by distinct types of bee such as Cerana, Florea and Stingless. All of these 

thre~ honeys were not passed any heat treatment included Lychee!, Forest! and multi-floral 

honey from the South. Additionally, adulterated honeys were formulated in this study; two 

ratios of them were selected to be samples based on sorting technique. The last sample was the 

most well-known honey in Thailand with unidentified floral type (Ketwaropaskul, 2017). 

The samples were served in 1 Oz white plastic cups at room temperature. The amount 

of honey per cup was about 5 grams. All samples were provided to participants on trays with 

plastic coffee spoons. Water was provided as a mouth-rinsing between samples. 

Panelists 

Six assessors were recruited from students of Faculty of Biotechnology, Assumption 

University based on their availability and willingness to participate the training. All of them 

were semi-trained assessors who had experiences in descriptive training for 2-3 food products, 

so they already had some skill for the training especially ability to describe product by using 

attributes and intensities. 
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Procedure 

According to news agencies in Thailand, adulterated honey was produced by pure honey 

with additional of glucose syrup and/or granulated sugar. The most available honey in the 

market was applied to formulated adulterated honey which was Forest2. The honey was 

adulterated with the addition of adulterants, namely glucose syrup. Started with mixing glucose 

syrup with hot water (about 95°C) at a ratio of 70%, 80% and 90% by weight, then compared 

their viscosity with the honey sample F orest2 by ten assessors who were familiar with sensory 

analysis. The criteria of comparison were based on eyesight and mouthfeel. Ninety percentage 

of glucose syrup was selected by all assessors due to the most similar viscosity to the sample. 

After that, the ninety-percentage glucose syrup solution was added into Forest2 at a ratio of 

10% to 90% by weight which each ratio was different by 10%. All of ratios with addition of the 

authentic honey were used in free sorting task. The sorting technique was applied by 30 

assessors to determine the ratio that started to reveal significant difference between pure honey 

from adulterated honey (P<0.05). 

The training composed of forty-seven sessions; the time per session was about one hour. 

The review of using scale and reference was applied in the first session. A 0-15 scale was used 

for rating, where 0 =none and 15 =extremely intense; the gap between each scale was 0.5 only. 

Two honey samples were provided to the assessors to taste and compare them with the 

references by focusing on basic tastes. The second session focused on development of the 

descriptive terminology for honey samples. All of samples were provided to the assessors 

except two adulterated honey samples. The assessors were assigned to list the characteristics of 

honeys. Additionally, the terminologies were also generated by four experienced sensory 

analysts who had many experiences in sensory analysis in wide range of product categories for 

several years. The generated characteristics from both groups were compared and selected for 

the training by the discussion of the sensory analysts. Four tastes, seventeen flavors and one 

appearance were selected as the attributes for the training. In the third session, four of basic 

tastes was applied to the assessors which composed of every taste except umami. The samples 

for training were selected based on sorting technique in the previous study (Ketwaropaskul, 

2018). Six representatives of samples were chosen according to the grouping from sorting 

technique such as Longanl, Coffeel, Lychee2, Sesame2, Cerana and Stingless. All of them 

were applied for the whole training. The references were determined by making consensus 

among the assessors; moreover, the intensities of references had to cover intensities of all 

representative samples for all attributes. The replications of samples were applied in each 
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session to check repeatability of the assessors. The consensus of representative samples was 

also generated for every attribute to check their consistency on scoring. The training of basic 

tastes was applied until the standard deviation of samples lower than one which was the session 

fifteen. Clinical session was individually applied for the assessor who had problems in 

consistency and repeatability. The trainings of flavors and an appearance were initiated from 

the sixteenth session. The references and definitions of seventeen flavors and one appearance 

were generated. The reference products were changed for many times to determine the products 

with the most similar characteristics to honeys' flavors. Besides, the intensities of references 

were also adjusted to make sure that the references of each attribute covered intensities of 

samples; the references and definitions of these attributes were determined until the twenty­

fourth session. The first four flavors were applied between session twenty-five to thirty-one 

which included the flavors of plastic, soy sauce, worcester sauce and dried fruit. The training 

of basic tastes was applied in the thirty-second session to review the training and check their 

performance. After that, cotton candy, butterscotch, molasses and coffee flavors were trained 

for five sessions. In the thirty-eighth session, five flavors were introduced to the assessors which 

composed of perfume, flora, fruit, jasmine and wood flavor; all flavors were applied until the 

forty-first session. The last six sessions included five attributes. Four of them were flavors such 

as ferment, medicine, herb and iron flavors. The remaining attribute was viscosity which was 

trained by focusing on appearance. 

Testing was applied to generate sensory profiles of twenty-seven honeys from Thailand 

which the sensory profiles composed of 22 sensorial attributes; each sample were applied for 3 

replications. The testing was divided into 9 sessions; nine samples were presented to the 

assessors for each session and were also separated into 3 serves. Three samples were provided 

to the assessors for each serving, after the assessors finished evaluating the samples, they had 

taken a break for 5-10 minutes before the next serving; each sample.could be repeatedly served 

or not within the session because they were randomly picked up for every session except the 

first session because the replications of sample were required to determine repeatability and 

standard deviation which related to performance of the assessors. The references of all 

attributes, mouth-rinsing and ballot were provided to the assessors before serving samples. 

For the physicochemical properties, color and sugar content of honey samples were 

determined in this study. The color of honey samples was measured by using HunterLab 

MiniScan EZ 4500L Spectrophotometer. The spectrophotometer was standardized by using 

black tile and white tile before the color was measured. During the process, the rubber must be 
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put into the Hunterlab cup due to its ability to prevent light from the outside. After that, the cup 

was covered with white lid and black lid respectively; the white lid was applied because white 

color could be used to reflect light from machine to the sample without cross over to 

surrounding environment. Likewise, the black lid was used because black color could be used 

to absorb lightness and also prevent another light source from environment. The 5mm port was 

applied to measure the lightness of color because honey is a liquid form substance; so, it 

required the size of port that could be used to measure throughout the whole area of honey when 

the sample was poured in to the Hunterlab cup. The appearance of bubble was prohibited for 

the color measurement because the reflection might be occurred when light source of the 

machine shined on the bubble. The color of each sample was measured for 5 replications. The 

result was presented in form of L *, a*, and b*. On the other hand, Brix of the honey samples 

was measured by using refractometer with 0 to 90-degree Brix. Brix of samples were 

determined for 3 replications 

Data Analysis 

The data from grouping pure honey and mixed ratios of mixed honey and glucose syrup 

was analyzed by DIST A TIS ofRStudio 0.99.467. Data from the training were processed using 

ANOVA with Duncan multiple comparison. The data from testing was analyzed by PCA ofR­

Program-2.15 .3 and ANOV A with Duncan multiple comparison. 
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RESULTS AND DISCUSSION 

Grouping of pure honey and different ratios of mixed honey and glucose 
syrup by sorting technique 

Compromise & Confidence Interval 

0 

Figure 16: The confidence intervals of sorting task by DIST A TIS which showed the 
configuration of ellipsoids of pure honey and different ratios of mixed honey and glucose 

syrup. (G=Glucose syrup and H=Honey) 
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Figure 17: The description of pure honey and different ratios of mixed honey and glucose 
syrup on DIST A TIS map by 30 assessors 
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Ten samples of pure honey and different ratios of mixed honey and glucose syrup were 

sorted by thirty assessors. The confidence interval shown the information to compute statistical 

confident ellipses around the samples, If the confidence ellipsoids of any samples are not 

intercept, those samples are considered as significant difference by assessors. Confidence 

interval is significant at P<0.05. 

According to the Figure 16 and 17, the sample were categorized in to 3 groups. Pure, 

90%, 80% and 70% honeys were grouped together due to similar characteristics; Floral aroma 

was indicated to describe all honey in this group. Smoke, molasses and savory were applied to 

describe these samples in term of flavor. Besides, these four samples also contained the most 

percentages of honey among mixed honey and glucose syrup samples. The next group included 

50% and 60% honeys. Both of them also had more percentages of honey than the remaining 

ratios which were explained as intense bitter taste, mild floral flavor and aftertaste. The last 

group composed of two samples that had only 10 and 20 percentages of honey which referred 

to high ratios of glucose syrup. Non-honey was applied to describe both of them in terms of 

aroma and flavor. 

The seventy-percentage honey was a sample with the most percentage of honey that was 

not significant difference from pure honey. On the other hand, the sixty-percentage honey was 

identified starting to reveal significant difference from pure honey. Therefore, both 60% and 

70% honeys were selected to be representatives of adulterated honey samples. 

Definitions and references 

The attributes were generated by six assessors and four experienced sensory analysts. 

Twenty-two attributes were selected by the experienced sensory analysts which included one 

appearance, four tastes and seventeen flavors. The definition and references of each attribute 

were determined by the assessors. The definition and reference products were accommodated 

to be proper with characteristics of honeys; moreover, the intensities of references were adapted 

while the training to ensure that the intensities of samples were covered as shown in the Table 

11. The references of most attributes were provided in form of solution for tasting except 

perfume, butterscotch, coffee, worcester sauce, soy sauce and molasses which all of them were 

served in Ocean Madison Cognac 650 ml and plastic covering lid for smelling. Likewise, the 

intensity of viscosity was determined by using plastic coffee spoons to scoop up the 

references/samples for full spoon; lifted the spoon up above the cup for 5 inches, and then 

measured the rate of flow when the references/samples were poured back in to the cup. 
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Moreover, the references and samples must be prevented from air contact before their 

viscosities were measured. 

Table 11: Definition and reference of the attributes which were generated in the training 

Type Attribute Definition Reference 
Hershey's Chocolate Syrup (bottle) 

The degree of resistance of 
= 9.0 

Mali's Sweetened Condensed Milk 

Appearance Viscosity 
flow. Measured by the rate = 11.0 
of flow when the reference Smucker's Butterscotch 

is poured from a spoon. = 12.0 
Karo Dark Corn Syrup 

= 14.0 

A fundamental taste 15% Sucrose solution= 7.0 

Taste Sweetness sensation of which sucrose 20% Sucrose solution= 8.5 
22.5% Sucrose solution= 9.5 

is typical. 25% Sucrose solution= 10.0 
A fundamental taste 0.015% Citric acid solution= 1.5 

Taste Sourness sensation of which citric 0.025% Citric acid solution= 2.5 

acid is typical. 0.050% Citric acid solution= 3.5 

A fundamental taste 0.011 % Caffeine solution= 1.5 
Taste Bitterness sensation of which caffeine 0.015% Caffeine solution= 2 

is typical. 0.025% Caffeine solution= 3.5 

A fundamental taste 

Taste Saltiness sensation of which sodium 0.15% Sodium Chloride Solution 
= 1.5 

chloride is typical. 

Floral aromatics with 
1 drop ofFerminich's perfumey 
fragrance + 140 ml of water = 2 

Flavor Perfume 
somewhat sweet, non- 1 drop ofFerminich's perfumey 

natural notes not generally fragrance+ 105 ml of water= 4 

associated with fresh fruit. 1 drop ofFerminich's perfumey 
fi:<igrance + 7Q ml of \\'at~!-== 5 

Sweet, round, light brown 

Butterscot aromatics which may also 

Flavor ch include the character notes 5 g of Smucker's Butterscotch= 4 

identified as vanillin and 
15 g of Smucker's Butterscotch= 6 

caramelized. 
-

Dark caramelized top notes 

Flavor Molasses 
which may include slightly 3 g of Karo Dark Corn Syrup = 4 

sharp, acrid notes 8 g of Karo Dark Corn Syrup= 7 

characteristic of molasses. 

genuine finely ground 

roasted coffee with addition lg ofNescafe Blend & Brew Rich 

Flavor Coffee of whitener and sugar which 
Aroma=3 

5g ofNescafe Blend & Brew Rich 
was also described as 3 in I Aroma= 5 

coffee. 
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Dark brown, caramelized, 
I drop ofGy-Nguang Worcester 

Worcester slightly sour, fermented 
Sauce + 2 drops of water = 4 

Flavor I drop ofGy-Nguang Worcester 
sauce aromatics typical of Sauce+ I drops of water= 5 

Worcestershire Sauce. I drop ofGy-Nguang Worcester 
Sauce= 7 

I drop of Dek Som Boon Soy 
A brown, slightly fermented Sauce+ 2 drops of water= 2 

Flavor Soy sauce aromatic typical of soy I drop of Dek Som Boon Soy 
Sauce + I drops of water = 3 

sauce. I drop of Dek Som Boon Soy 
Sauce= 5 

7 drops ofFerminich's fruity 
An aromatic blend, which is flavor + 500 ml of water= 3 

Flavor Fruit sweet and reminiscent of a 10 drops ofFerminich's fruity 

variety of different fruits. 
flavor+ 500 ml of water= 5.5 
13 drops ofFerminich's fruity 
flavor + 500 ml of water = 8 

Sweet, heavy aromatic 1 drop ofFerminich's floral flavor 
blend of a combination of + 500 ml of water= 2 

Flavor Flora flowers that can be 3 drops of Ferminich 's floral 

somewhat chemical and 
flavor+ 500 ml of water= 5 
5 drops of Ferminich' s floral 

perfume-like flavor + 500 ml of water = 7 
2 drops of Ferminlch' s jasmine 

A sweet aromatics flavor+ 500 ml of water= 2 

Flavor Jasmine impression associated with 5 drops ofFerminich'sjasmine 

jasmine. 
flavor+ 500 ml of water= 5 

7 drops ofFerminich'sjasmine 
f1avor + 500 ml of water= 8 

1 drop ofFerminich's dried fruit 
flavor + I 000 ml of water = 2 

Aromatics associated with 
Flavor Dried fruit I drop ofFerminich.'s dried fruit 

dried brown fruit. flavor+ 500 ml of water= 3 
2 drops ofFerminich's dried fruit 

flavor+ 500 ml of water= 5 
2 drops ofFerminich's woody 

A sweet, brown, musty, dry flavor + 500 ml of water = I 

Flavor Woody aromatic associated with the 4 drops ofFerminich's woody 

bark of a tree. 
flavor+ 500 ml of water= 2 

6 drops ofFerminich's woody 
flavor + 500 ml of water = 5 
5 drops ofFerillinich's cotton 

Cotton 
Confection-like aromatics candy flavor+ 500 ml of water= 2 

Flavor associated with sweet 7 drops ofFerminich's cotton 
candy 

substance. 
candy flavor+ 500 ml of water= 4 

9 drops ofFerminich's cotton 
canciy flavor+ 500 ml of water= 6 

The pungent sharp 10 drops ofFerminich's fermented 
aromatics associated with flavor+ 500 ml of water= I 

Flavor Ferment ripe/over ripe fruit; yeasty. 15 drops ofFerminich's fermented 

These can also be somewhat 
flavor+ 500 ml of water= 3.5 

20 drops ofFerminich's fermented 
sweet and fruity. flavor+ 500 ml of water= 5 
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A clean, sterile aromatic 
10 drops ofFerminich's medicinal 

flavor + 500 ml of water= 2 

Flavor Medicine 
characteristic of antiseptic- 15 drops ofFerminich's medicinal 
like products such as Band- flavor + 500 ml of water = 4 

Aids, alcohol, and iodine. 20 drops ofFerminich's medicinal 
flavor + 500 ml of water = 6 

An aromatic associated with 
2 drops ofFerminich's plastic 
flavor + 500 ml of water = 3 

Flavor Plastic 
plastic polyethylene 3 drops ofFerminich's plastic 

containers or food stored in flavor + 500 ml of water= 5 

plastic. 5 drops ofFerminich's plastic 
flavor+ 500 ml of water= 7.5 

The aromatics associated I drop ofFerminich's herb flavor 
with dry green herbs that + 1000 ml of water= 2.5 

Flavor Herb may include celery flakes, 1 drop ofFerminich's herb flavor 
+ 500 ml of water = 4 

parsley flakes, chives, 3 drops ofFerminich's herb flavor 
oregano, and dill. + 500 ml of water = 6 

I drop ofFerminich's iron flavor+ 
500 ml of water= 2 

Flavor Iron 
Aromatics associated with 4 drops ofFerminich's iron flavor 
cooked organ meat/liver + 500 ml of water = 4 

6 drops ofFerminich's iron flavor 
+ 500 ml of water= 6 

Sensory profiles and physicochemical properties of Thai honeys 

Twenty-seven honey samples were applied to generate sensory profiles of them by using 

semi-trained descriptive assessors. The terminologies of honey were generated and selected by 

six assessors and four experienced sensory analysts which resulted in 22 sensorial attributes; 

the attributes included one appearance, four basic tastes and seventeen flavors.as showed in 

Tablel. The assessors were trained for 47 sessions; the time for session was about one hour and 

0-15 scale was applied for rating in this study. The performance of the assessors was checked 

by focusing on standard deviation of samples in each attribute; the standard deviation in the 

range between 0.50 to 0.99 was acceptable. If the standard deviation was lower than 0.50, the 

performance was indicated as good. However, ifthe standard deviation was more than or equal 

to 1, the performance of the assessors was labeled as non-good. The performance of the 

assessors was also indicated by using consistency and repeatability. So, if the assessors had any 

problem in their performance, the clinical session was applied to them individually. After the 

training was completed; testing was applied to generate sensory profiles samples which each 

were applied for 3 replications. The testing was divided into 9 sessions; nine samples were 

presented to the assessors for each session; the time for testing was not limited due to large 

number of attributes. The references of all attributes, mouth-rinsing and ballot were provided 

to the assessors before serving samples. 
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Figure 18: The Principal Component Analysis of 22 sensorial attributes 
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Figure 19: The Principal Component Analysis of27 honey samples for 22 sensorial attributes 
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Figure 20: Cluster analysis of 27 honey samples for 22 sensorial attributes 
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The cluster analysis was applied to make the sensory profiles to be easier to explain 

according to the figure 18 to 25, twenty-seven samples were analyzed by Principal Component 

Analysis (PCA) with 22 sensorial characteristics. The samples were divided into 8 groups by 

using cluster analysis. There was significant difference between clusters in every attribute 

except coffee flavor. Three groups of samples appeared on the left side of the map; additionally, 

there were 5 attributes available on the left side such as viscosity, jasmine flavor, cotton candy 

flavor, coffee flavor and flora flavor. The first cluster; Chitralada, North East, Longan 1, East, 

West, Sesame2 and Wild 1 were grouped together as the first group. The second cluster 

composed of Sunflower!, Longan2 and North. Coffee2, G3H7 and G4H6 were grouped 
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together as the third cluster. Both second and third clusters showed significantly the highest 

viscosity followed by the first cluster which was also rated in high intensity for viscosity 

comparing to the other cluster. There was no significant difference in cotton candy flavor for 

these three clusters. Even there was no significant difference in coffee flavor but the Coffee2 

was obviously rated as the highest intensity for coffee flavor. The second cluster was 

significantly rated as the highest intensity of jasmine and flora flavor followed by the first 

cluster which was also scored in high intensity for both attributes comparing to the other cluster. 

Moreover, all of honeys in the second cluster were ranked as the top 3 highest intensity for 

jasmine flavor. However, three honeys in the third group were rated as the least floral flavor 

from all samples. 

Figure 21: Viscosity and sweetness profiles of Thai honeys 

Viscosity and Sweetness Profile 

14.0 

A 

12.1 A 
12.0 AB 11.5 AB 

10.7 10.8 B B 

9.9 
10.l 

10.0 c 
AB 8.5 C AB A 

ABC ABC ABC c 7.97.8 8.0 
8.0 7.7 7.6 7.7 7.6 

7.3 7.4 

6.0 

4.0 

2.0 

0.0 

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8 

•Viscosity •Sweetness 

68 



Figure 22: Bitterness and, cotton candy, flora, jasmine, medicine and plastic flavors 
profiles of Thai honeys 
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Figure 23: Sourness, fruit, dried fruit, worcester sauce, ferment and herb flavors profiles of 
Thai honeys 
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Figure 24: Perfume, iron, and wood flavors profiles of Thai honeys 
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Figure 25: Molasses, butterscotch, soy sauce and coffee flavors profiles of Thai honeys 
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On the other hand, the rest cluster were showed on the other side of the map. Stingless 

was the only sample of the fourth cluster and also was represented in the position that far away 

from other samples which referred to unique characteristics of stingless comparing to the other 

samples. Both South and Forestl were grouped together as the fifth cluster. The sixth cluster 

included Lychee2, Lycheel and Macadamia. Coffeel, Cerana and Florea were categorized as 

the seventh cluster. The last cluster included Wild2, Sunflower2, Center, Sesamel and Forest2. 

The sixth cluster was significantly rated as the highest intensity of bitterness, plastic flavor and 

medicine flavor followed by the fifth cluster which was also scored in high intensity for these 

three attributes comparing to the other cluster; both lychee samples were also ranked as the 

most intense samples for these attributes. Likewise, the honeys in fifth cluster were significantly 

rated as the most intense samples of wood and iron flavors followed by the sixth cluster which 

was also rated in high intensity for both attributes comparing to the other cluster. The forth 

cluster was significantly rated as the highest intensity for fruit, dried fruit, ferment and herb 

flavors followed by the fifth cluster which was also rated in high intensity for all of these 

attributes. Moreover, both fourth and fifth clusters were the most intense perfume flavor. The 

forth cluster was also significantly scored as the most intense sample for sourness and worcester 

sauce flavor followed by the seventh cluster which was also rated in high intensity for both 

attributes comparing to the other samples. Besides, the fourth and seventh cluster were labeled 

as the most intensity for soy sauce flavor and fourth, seventh and eighth cluster were rated as 

the high intensity of molasses flavor. The eighth cluster was significantly rated as the highest 

intensity in both sweetness and butterscotch flavor. Lastly, comparing the positions of 

adulterated honey and Forest2; they were not only differentiated by the cluster analysis but the 

position of them was also far away from each other which referred to obvious changes in 

sensory characteristics from adding glucose syrup. 

A 0-15 scale was applied in the training and testing. However, the intensities of every 

samples for most attributes were rated in the range between 0 and 5 which was in the low range 

of scale; almost attributes were rated in the low range of scale except viscosity and sweetness. 

Both sweetness and viscosity were rated in the moderate and moderate to high ranges 

respectively. Sweetness was rated in the range between 7.2 and 8.2 which referred to the 

moderate range of scale. On the other hand, viscosity was rated in the range between 7.8 to 12.3 

which represented the range of scale between moderate to high scale. The different ranges of 

intensity from both of them might have some effects on the rest from principal component 

analysis and cluster analysis. So, the principal component analysis and cluster analysis were 

repeatedly analyzed without viscosity and sweetness. 
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Figure 27: The Principal Component Analysis of27 honey samples for 20 sensorial attributes 
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Figure 28: Cluster analysis of 27 honey samples for 20 sensorial attributes 
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Twenty-seven samples were repeatedly analyzed with 20 sensorial attributes by using 

principal component analysis and cluster analysis according to figure 26 to 32. The position of 

honey samples and sensorial attributes on PCA map were changed for some samples and 

attributes; however, most of them still be appeared in the similar position as previous analysis. 

The samples were also grouped into 8 groups by using cluster analysis. There was significant 

difference between clusters in every attribute which the changing of cluster was also occurred 

for some samples. 
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Figure 29: Sourness, fruit, dried fruit, worcester sauce, ferment and herb flavors profiles of 
Thai honeys 
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Figure 30: Sourness, fruit, dried fruit, worcester sauce, ferment and herb flavors profiles of 
Thai honeys 
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Figure 31: Butterscotch, molasses and coffee flavors profiles of Thai honeys 
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Figure 32: Cotton candy, flora and jasmine flavors profiles of Thai honeys 
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The first cluster included Chitralada, North East, Longan!, East, West, Sesame2 and 

Wild I. Sunflower!, Longan2 and North were grouped together as the second cluster. Coffee2 

was the only one sample of the third cluster. Both adulterated samples, G3H7 and G4H6 were 

grouped together as the fourth cluster. Stingless was mentioned as the only sample of fifth 

cluster. The sixth cluster included Lychee2, Lychee!, Macadamia, Forest! and South. Wild2, 

Center, Sesame I and Forest2 were categorized as the seventh cluster. The last cluster included 

Coffee I, Florea, Sunflower2 and Cerana. The sixth cluster was significantly rated as the highest 

intensity for bitterness and, plastic, medicine and iron flavors. Additionally, the sixth cluster 

was also significantly rated as the most intensity for wood flavor with fifth and seventh cluster. 

The only sample of the fifth cluster or Stingless significantly contained the highest intensity for 

several characteristics which included sourness, fruit, dried fruit, ferment, worcester sauce, 

molasses, perfume and herb flavors. Besides, Stingless was also mentioned as the most intensity 

with the eighth cluster for soy sauce flavor. The second cluster was significantly rated as the 

highest intensity. The second cluster was significantly rated as the highest intensity for jasmine 

and flora flavors. The third and seventh clusters were significantly rated as the highest intensity 

for coffee and butterscotch flavors respectively. The fourth cluster was significantly mentioned 

as the lowest intensity for several attributes such as sourness, bitterness and, perfume, fruit, 

flora, dried fruit, medicine, ferment plastic, worcester sauce, soy sauce, herb, wood and iron 

flavors. Lastly, there was no significant difference between every clusters for cotton candy 

flavor except the fifth cluster. 
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Figure 33: Degrees Brix of 27 honey samples 
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Figure 34: L *, a* and b* value of 27 honey samples 
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The results of physicochemical properties of honeys were showed in the table 33 and 

34. The L * axis runs from top to bottom. The maximum for L * is 100, which represents a 

perfect reflecting diffuser. The minimum for L * is 0, which represent black Sunflower 2 was 

the outstanding sample; the color of Sunflower2 was measured as the significantly highest 

L *value from all samples followed by Lychee2, then Coffee2 and Sunflower I. So, the honey 

samples with high value of L * was explained as the samples with lighter color. On the other 

hand, the a* and b* axes have no specific numerical limits. Positive a* is red whereas negative 

a* is green. For the a* Lychee2 was analyzed as the significantly highest value of a* followed 

by Sunflower2, then Sesame! and Lychee I. Lastly, positive b* is yellow whereas negative b* 

is blue. Sunflower2 and Lychee2 were significantly rated as the highest value of b* followed 

by North and Wild2. The value of both a* and b* were not represented in the negative value; 

so, the a* and b* were used to explain red and yellow color respectively. The refractometer was 

applied to measure degrees Brix of honey samples which represented the percentage of total 

soluble solid; most of total soluble solid in honey was sugar. G3H7 was ranked as the highest 

degrees Brix followed by North and Sunflower 1. On the other hand, South contained the lowest 

degrees Brix followed by Forest I and Florea. So, the degrees Brix and intensity of sweetness 

should be rated in the similar manner; however, sweetness and degrees brix were rated in the 

opposite way for some samples. The reason might occur from type of sugar because 
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refractometer was only used to measure total soluble solid, so the percentages for each types of 

sugar were not specified; overall sugar in honey is represented by monosaccharide (mainly 

glucose and fructose) with 10 - 15% of disaccharide and small amount of other sugar. 

Moreover, different types of sugar provided different level of sweetness. The sugar component 

in honey was mainly varied by the source of nectar. 
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Figure 35: Cluster analysis of27 honey samples for 22 sensorial attributes with 2 
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Figure 36: The Principal Component Analysis of 22 sensorial attributes with 2 
physicochemical properties 
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Figure 37: The Principal Component Analysis of 27 honey samples 22 sensorial attributes 

with 2 physicochemical properties 
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According to figure 35 to 37, the twenty-seven samples was repeatedly analyzed by PCA 

with more variables such as degrees Brix, L *, a* and b*. The changes were occurred on the 

position of some samples and attributes on the PCA map. The samples were also categorized 

into 8 groups as the first time which only focusing on sensorial attributes. The pattern of cluster 

was obviously changed from the first time; however, some clusters was also maintained the 

same samples which were first cluster (Sunflower!, Longan2 and North; second cluster of the 

first analysis), second cluster (Coffee2, G3:H7 and G4:H6; third cluster of the first analysis) 

and fifth cluster (Stingless; fourth of the first analysis). The third cluster included Center, 

Forest2, Wild2 and Sunflower2 (eighth cluster of the first analysis). Chitralada, North East, 

Longan 1, East, West, Macadamia, Sesame2 and Wild 1 were grouped together as the fourth 

cluster (first cluster of the first analysis). The sixth cluster included both Lycheel and Lychee2 

(also sixth cluster of the first analysis). Coffeel, Cerana and Sesamel were grouped together as 

the seventh cluster (also seventh cluster of the first analysis). The eighth cluster included South 

Florea and Forestl (fifth cluster of the first analysis). The second and first clusters were 

significantly the highest value of degrees Brix followed by the fourth cluster. The first, second, 

third and sixth clusters showed the highest value of L * which referred to be lighter color. The 

cluster that had most value of a* was the sixth cluster followed by third and seventh clusters 

which referred to be reddish color. The cluster sixth and three showed significantly highest 

value of b* followed by first and fourth clusters which b* represented the yellowish color. 

Table 12: Comparing viscosity, sweetness and sourness of adulterated samples and original 
honey 

Viscosity Sweetness 
Honey Mean± SD Honey Mean± SD 
G3H7 11.4±0. 7a Forest2 8.2±0.6a 
G4H6 l l.0±0.5a G3H7 7.5±0.9b 

Forest2 10.5±0.8b G4H6 7.5±0.8b 

Honey 
Forest2 
G4H6 
G3H7 

Sourness 
Mean±SD 
0.9±0.4a 
0.5±0.4b 
0.4±0.4b 

Note: Mean with the same letter are not significantly different at alpha level = 0.05 

Table 13: Comparing bitterness, saltiness and perfume flavor of adulterated samples and 
original honey 

Bitterness Saltiness Perfume flavor 

Honey Mean± SD Honey Mean±SD Honey Mean± SD 

Forest2 0.9±0.5a Forest2 0.3±0.4a Forest2 1.6±0.8a 

G3H7 0.4±0.5b G3H7 0.3±0.5a G4H6 1.2±0.8b 
G4H6 0.3±0.5b G4H6 0.1±0.3a G3H7 l.l±0.7b 

Note: Mean with the same letter are not significantly different at alpha level = 0.05 

80 



Table 14: Comparing fruit, flora and jasmine flavors of adulterated samples and original honey 

Fruit flavor Flora flavor Jasmine flavor 

Honey Mean± SD Honey Mean± SD Honey Mean±SD 

Forest2 l.8±0.8a Forest2 1.2±0.8a G4H6 1.5±1.0a 

G3H7 0.8±0.4a G3H7 l.1±0.8a G3H7 1.4±0.9ab 

G4H6 0.7±0.5b G4H6 l.1±0.8a Forest2 l.l±0.6b 

Note: Mean with the same letter are not significantly different at alpha level = 0.05 

Table 15: Comparing cotton candy, butterscotch and molasses of adulterated samples and 
original honey 

Cotton candy flavor Butterscotch flavor Molasses flavor 

Honey Mean± SD Honey Mean± SD Honey Mean±SD 

G4H6 2.l±l.3a Forest2 4. l±l.2a Forest2 3.9±1.5a 

G3H7 1.9±1.P G3H7 3.0±l.5b G3H7 2.6±1.4b 

Forest2 l.7±0.7a G4H6 2.7±1.3b G4H6 2. l±l.4b 

Note: Mean with the same letter are not significantly different at alpha level = 0.05 

Table 16: Comparing Coffee, dried fruit and medicine flavors of adulterated samples and 
original honey 

Coffee flavor Dried fruit flavor Medicine flavor 

Honey Mean± SD Honey Mean±SD Honey Mean±SD 

Forest2 l.3±0.7a Forest2 · l.8±0.8a Forest2 1.2±0.5a 

G4H6 l.3±0.9a G4H6 0.6±0.6b G4H6 0.7±0.6b 

G3H7 l.2±0.9a G3H7 0.6±0.6b G3H7 0.6±0.4b 

Note: Mean with the same letter are not significantly different at alpha level = 0.05 

Table 17: Comparing Ferment, plastic and worcester sauce flavors of adulterated samples 
and original honey 

Ferment flavor Plastic flavor Worcester sauce flavor 

Honey Mean± SD Honey Mean±SD Honey Mean±SD 

Forest2 l.3±0.5a Forest2 1.1±0.5a Forest2 1.6±0.8a 

G3H7 0.7±0.4b G4H6 0.5±0.5b G3H7 0.9±0.9b 

G4H6 0.7±0.5b G3H7 0.5±0.4b G4H6 0.9±0.8b 

Note: Mean with the same letter are not significantly different at alpha level = 0.05 

Table 18: Comparing soy sauce, herb and wood flavors of adulterated samples and original 
honey 

Soy sauce flavor Herb flavor Wood flavor 

Honey Mean±SD Honey Mean±SD Honey Mean± SD 

Forest2 1.8±1.0a Forest2 l.l±0.7a Forest2 l .0±0.4a 

G3H7 0.8±0.6b G4H6 0.8±0.6b G3H7 0.7±0.4b 

G4H6 0.8±0.6b G3H7 0.7±0.7b G4H6 0.6±0.5b 

Note: Mean with the same letter are not significantly different at alpha level = 0.05 
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Table 19: Comparing Iron flavor profiles, degrees Brix and L * value of adulterated 
samples and original honey 

Iron flavor Degree Brix L* value 

Honey Mean± SD Honey Mean±SD Honey Mean±SD 

Forest2 0.8±0.4a G3H7 81.8±0.3a Forest2 43.6±7.0a 

G4H6 0.6±0.4ab G4H6 80.0±0.0b G4H6 43.4±1.1 a 

G3H7 0.5±0.4b Forest2 79.6±0.3c G3H7 33.5±1.7b 
Note: Mean with the same letter are not significantly different at alpha level = 0.05 

Table 20: Comparing a* and b* values of adulterated samples and original honey 

a* value b* value 

Honey Mean± SD Honey Mean± SD 

Forest2 14.1±1.0a Forest2 60.7±4.3a 

G3H7 7.4±0.2b G4H6 40.7±3.7b 

G4H6 4.2±1.7c G3H7 30.7±0.3c 
Note: Mean with the same letter are not significantly different at alpha level = 0.05 

Comparing both adulterated honeys by glucose syrup and the original sample Forest2 

according to table 21 to 29, there was no significant difference between F orest2 and adulterated 

samples in some attributes such as saltiness, and flora, cotton candy, coffee flavors; however, 

the intensity of Forest2 for several attributes were significantly rated higher in sweetness, 

sourness, bitterness, a*, b* and perfume, fruit, butterscotch, molasses, dried fruit, medicine, 

ferment, plastic, worcester sauce, soy sauce, herb and wood flavors. There was no significant 

difference· between Forest2 and G4:H6 for L * and iron flavor; Forest2 still contained the higher 

intensity for both attributes than adulterated samples. On the other hand, G3:H7 and G4:H6 

were significantly rated higher than Forest2 for viscosity and degrees Brix; likewise, the 

intensity of jasmine flavor for both adulterated samples were also higher than forest2 but, there 

was no significant difference between G3:H7 and Forest2. So, Forest2 contained higher 

intensity than adulterated honeys by glucose syrup for almost attributes; it might refer that if 

the honey is adulterated by glucose syrup, the flavors of honey will be milder than the origins. 

However, glucose syrup was also enhanced viscosity, jasmine flavor and cotton candy flavor; 

even their intensities were not significant difference from the original samples. However, the 

higher values for a* and b* of Forest2 represented more reddish and yellowish color than 

adulterated honey samples which referred to more intense color. These characteristics might be 

applied to differentiate authentic honey from the honey that was adulterated by glucose syrup 

but it will be hard for the consumers to detect the adulterant by themselves due to inadequate 
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knowledge and experience, and wide range of honey varietals; it might better for expert who 

had several experience and familiarity on honey characteristics. Most of available approaches 

were chemical or enzymatic reactions which had to spend time for analysis in the laboratory 

with many preparation steps. Therefore, this approach might be one of the most interesting and 

promising methods for detecting honey adulterations because it requires nothing except expert; 

so, honey could be examined its authenticity outside laboratory. 

CONCLUSION 

Studies showed that the seventy-percentage honey was a sample with the most percentage 

of honey per glucose syrup which the assessor not considered as significant difference from the 

original honey whereas the sixty-percentage honey was identified starting to reveal significant 

difference from the original honey. The definitions and references of Thai honey were generated 

for 22 sensorial characteristics by semi trained descriptive panels. The sensory profiles of Thai 

honey were also generated, paralleling with 2 physicochemical properties. Both lychee samples 

were rated as the highest intensity of bitterness, medicine flavor and plastic flavor which these 

three attributes were used to represent uniqueness of lychee honey. Moreover, Sunflower 1 and 

Longan2 were also outstanding on flora and jasmine flavors. Coffe2 was clearly rated as the 

highest intensity of coffee flavor. Stingless was the most unique honey in this study because it 

was rated as the highest intensity for many attributes such as sourness, and fruit, ferment, 

worcester sauce and herb flavors. Moreover, the L *, a* and b* of stingless were significantly 

the least for all three values; additionally, the all of them were almost zero, so, the color of 

stingless must be very dark comparing to other samples. On the other hand, Sunflower2 and 

Lychee2 was rated as the top two highest intensity for L *, a* and b*; so, its color must be 

lighter, reddish and very yellowish comparing to other samples. Degrees Brix was used to 

measure the total soluble solid of honey; even almost total soluble solid composition in honey 

was sugar but there were many types of sugar which each of them provided different level of 

sweetness. The types and portion of sugar in honey were varied due to variety of the nectar 

source. Besides, distinct types of sugar provided different level of sweetness. Therefore, the 

degree Brix should not be applied to compare to the intensity of sweetness until the types of 

sugar and their portion in honey are identified. Lastly, if honey is adulterated by glucose syrup, 

most flavors of honey will be milder than the origins; however, the milder characteristics should 

only be detected with expert who was really familiar with various types of honey. Moreover, 

this approach could be helped to reduce cost and time for laborious experiment. It also could 

be applied anywhere for detecting adulterants in honey. Sometimes, if the authenticity could 
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not be confirmed by the expert, the sample must be examined at the laboratory anyway; so, this 

method might be considered as a screening test. However, glucose syrup was only used in this 

study due to its various-used as an adulterant for honey in Thailand; so, another types of 

adulterants should be investigated in further study. 
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CHAPTER 6: CONCLUSION 

This aim of research was to study sensory profiles and consumer insight of Thai honey 

which mainly divided in to 4 objectives. First, to study consumers' behavior toward honey. The 

consumer survey was applied with 120 participants. Studies revealed that most of the 

participants in Bangkok Metropolitan Region consumed honey 1-2 times/months and usually 

buy honey at supermarket. The participants are willing to pay for safety of honey, reliable 

source and good sensory quality due to availability of adulterated honey in Thailand. The 

participants also pay attention on taste, flavor and aroma for sensory characteristics; however, 

these physiological factors can be perceived after purchasing only, so the participants should 

be more considered about general characteristics if they do not have any experience in those 

honeys before. 

Second, to study sensory characteristics, consumers' preference and applications of 

honeys by applying sorting technique with different groups of consumers. The study showed 

that all group of the assessors had similarities in grouping and preference. The characteristics 

of honey were also described in the same manner but some of them were different in details. 

The characteristics of honey preferred by the assessors was described related to flora flavor. On 

the other hand, the disliked attributes of honey were mentioned by the assessors which 

composed of characteristics related to fermented and chemical flavors especially vinegar. 

Tastes were the most mentioned characteristics, however most of them appeared on central area 

of DIST A TIS map, therefore. flavors were applied to explain honey characteristics instead of 

tastes due to variety of flavor. Actually, the group that should provide the highest number of 

the description and application should be culinary group due to their familiarity of cooking. 

However, the regular honey user provided the highest number of both of them. The reason 

might relate to routine consumption of honey, at least once a month. Sorting is also depended 

on individual experiences because some assessors might perceive something that perfectly 

proper to describe characteristics of honey before even they were not familiar with honey or 

cooking. 

Third, to group pure honey and different ratios of mixed honey and glucose syrup by 

sorting technique. Adulterated honey in Thailand was mainly contaminated by glucose syrup. 

Seventy-percentage honey was a sample with the most percentage of honey per glucose syrup 

which the assessor not considered as significant difference from the original honey whereas the 

sixty-percentage honey was identified starting to reveal significant difference from the original 

honey. 
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Fourth, to generate sensory profiles of honeys available in Thailand by using semi­

trained descriptive assessors and determine important physicochemical properties. Twenty-two 

attributes of Thai honeys were generated by 6 semi-trained descriptive assessors, including their 

definitions and references. The assessors were trained for 4 7 sessions before generating the 

sensory profiles which included one appearance four tastes and seventeen flavors. The sensory 

profiles of Thai honey were also generated based on these attributes, paralleling with analysis 

of physicochemical properties such as color and Brix. The uniqueness of samples was 

discovered in many samples; however, Stingless was the most unique honey due to the highest 

intensity in many attributes such as sourness, and fruit, ferment, worcester sauce and herb 

flavors. Moreover, the L *,a* and b* of stingless were significantly the least for all three values 

which were 0.2, 1.0 and 0.3 respectively; so, the color of stingless must be the darkest. On the 

other hand, the L*, a* and b* ofSunflower2 (61.4, 31.0, 103.9) and Lychee2(58.3, 35.7, 98.5) 

were rated as the top two highest values which represented lighter, reddish and very yellowish 

color. Degree Brix could not be applied to measure sweetness in honey if the types of sugar are 

unidentified. Lastly, if honey is adulterated by glucose syrup, most flavors of honey will be 

milder than the origins; however, the milder characteristics should only be detected with expert 

who was really familiar with various types of honey. Moreover, this approach could be helped 

to reduce cost and time for laborious experiment. It also could be applied anywhere for detecting 

adulterants in honey. 
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CHAPTER 7: RECOMMENDATION 

• The top three most well-known brand of Thai honey were Chitralada, Doi Kham, and 

Vejchapong which the percentages of these three brands were combined together for almost 

70% of participants who lived in Bangkok Metropolitan Region. These brands were really 

strong comparing to the other; so, if any brand want to compete with them, safety is the 

important attributes that should be focused followed by origin and sensory quality. Safety 

is obviously the most important factor due to availability of adulterated honey in Thailand 

because adulteratep honey is not only affecting on quality and nutrition of honey but also 

can be harmful to consumers. So, the honey should be labeled with certification from the 

relevant to ensure the consumer's trust. The honeys from defined botanical and 

geographical origins possess distinctive sensory characteristics and also are considered as 

premium products which tend to have higher prices than honeys from mixed botanical 

origins. The sensory quality of honey was directly related to perception of consumers and 

consumers' preference on characteristic of honey which the sensory characteristics; the 

sensory quality is one of the most important factors that honey will be repeatedly purchased 

by the consumers or not. The characteristics of honey preferred by the assessors was 

described related to flora flavor. On the other hand, the disliked attributes of honey were 

mentioned by the assessors which composed of characteristics related to fermented and 

chemical flavors especially vinegar. 

• The consumers' behaviour and sensory profiles of Thai' honeys were researched in this 

study; however, there was some part of the study that can be developed to get more efficient 

results. For the factors affecting on consumer's decision, there should be some definition to 

describe each factor to make consumer understand the meaning of factors in the same 

manner because some word may have different meaning for each person. Moreover, the 

data of demographic information should be balanced as much as possible to generate more 

efficient outcome. In the training, a 0-15 scale was applied. The intensity of samples was 

rate in the low part of scale (0 to 5) for almost attributes which was also similar to the 

intensity of reference for several attributes; the results showed only little difference of 

samples for some attributes. The range of reference should be extended to create more 

different of samples; so, the distinction of sensory profile may be easier to explain. For the 

physicochemical properties, the refractometer was applied to measure degrees Brix of 

honey samples which represented the percentage of total soluble solid or sugar. So, the 
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degrees Brix and intensity of sweetness should be rated in the similar manner; however, 

both of them were rated in the opposite way for some samples. The reason might occur from 

type of sugar because refractometer was only used to measure percentage of sugar but the 

types of sugar were not specified which different types of sugar provided different level of 

sweetness. Therefore, the percentage for each type of sugar should be identified. The 

rheology property of honey also should be analysed to compare with intensity of viscosity. 

• The honey that is adulterated by glucose syrup will provide milder for most tastes and 

flavors but the milder characteristics might be easier to detect for the expert who was had 

several experience and familiarity on characteristics of honey. Moreover, this approach 

could be helped to reduce cost and time for laborious experiment. It also could be applied 

anywhere for detecting adulterants in honey. Sometimes, if the authenticity could not be 

confirmed by the expert, the sample must be examined at the laboratory anyway; so, this 

method might be considered as a screening test. However, glucose syrup was only used in 

this study due to its various-used as an adulterant for honey in Thailand; so, another types 

of adulterants should be investigated in further study. 
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APPENDIX 

TABLE 

Table 21: Viscosity, sweetness and sourness profiles of Thai honeys 

Viscosity Sweetness Sourness 

Honey Mean±SD Honey Mean± SD Honey Mean± SD 

Coffee2 12.3±0.8 a Forest2 8.2±0.6a Stingless 2.8±0.7 a 

Sunflower] 12.2±1.1 a Center 8.0±0.7 ab Sunflower2 1.3±0.5 b 

West 12.1±0.8 a Sunflower2 8.0±0.6 abe Cerana 1.3±0.4 b 

Longan2 12.1±0.9 a Chitralada 8.2±0.7abe Florea 1.1±0.5 be 

North 11.9±0.8 a Longan] 7.9±0.5 abed Coffee I 1.1±0.6 be 

G3H7 11.4±0. 7 b Coffee2 7. 9±0 .4 abede Sesame I 1.1±0.5 bed 

East 11.2±0.6 be Sesame2 7.8±0.6 abede Forest] 1.1±0.5 bed 

G4H6 11.0±0.5 bed Forest] 7.8±0.5 abede Lychee2 J .0±0.4 bed 

Macadamia 10.9±0.5 bed Sesame] 7.8±0.5 abede South 1.0±0.5 bed 

Longanl 10.8±0.9 bede Coffeel 7.8±0.8 abede Wildl 0.9±0.4 ed 

Center 10.8±0.6 bede Lychee2 7.8±0.7 abede Lychee] 0.9±0.4 ed 

Lychee2 I 0.8±0.6 bede Wild2 7.8±0.5 abede Macadamia 0.9±0.4 ed 

Coffee] 10.8±0.9 ede NorthEast 7.8±0.6 abede NorthEast 0.9±0.6 ed 

Lychee] 10.7±0.9eedf Wildl 7.8±0.5 abede Forest2 0.9±0.4 ede 

Wildl 10.6±0.6 def South 7.7±0.4 bedef Wild2 0.9±0.4 ede 

Chitralada 10.5±0.'6 def Lychee I 7.6±0.8 bedefg Center 0.8±0.4 de 

NorthEast I 0.5±0.5 def Cerana 7.6±0.5 bedefg Sesame2 0.8±0.4 de 

Forest2 10.5±0.8 def Macadamia 7. 6±0. 7 bedefg Longan I 0.8±0.4 def 

Wild2 10.3±0.9 ef East 7.5±0.7 edefg Chitralada 0.8±0.4 defg 

Cerana 10.1±0.6 f Longan2 7.5±0.5 defg West 0. 8±0 .4 defgh 

Sesame I 9.6±0.8 g G3H7 7.5±0.9 defg East 0. 8±0 .4 defgh 

Sunflower2 9.5±0.8 g G4H6 7.5±0.8 defg Sunflower] 0.6±0.4 efghi 

Sesame2 9.4±0.9 g Florea 7.4±0.rfg Longan2 0.5±0.4 fghi 

Florea 8.7±0.7h Stingless 7.4±0.6 efg Coffee2 0.5±0.3 ghi 

Stingless 8.5±0.7 hi West 7.3±0.8 fg North 0.5±0.4 ghi 

South 8.1±1.1 ij North 7.3±0.5 fg G4H6 0.5±0.4 hi 

Forest] 7.8±0.8.i Sunflower] 7.2±0.8 g G3H7 0.4±0.4 i 

Note: Mean with the same letter are not significantly different at alpha level= 0.05 
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Table 22: Bitterness, saltiness and perfume flavor profiles of Thai honeys 

Bitterness Saltiness Perfume flavor 

Honey Mean± SD Honey Mean± SD Honey Mean± SD 

Lychee2 l.7±0.6a Center 0.4±0.4 a South 1.8±0.6 a 

Lychee I 1.6±0.7 a Forestl 0.4±0.5 a Stingless 1.7±0.9 ab 

Forest] 1.5±0.4 a Stingless 0.3±0.4 ab Chitralada 1.7±0.6 ab 

Macadamia 1.5±0.6 a Coffee] 0.3±0.5 ab Macadamia 1.7±0.8 ab 

South 1.1±0.7 b Sunflower2 0.3±0.4 ab Forest] 1.6±0.9 abe 

Chitralada 1.1±0.6 be Sesame] 0.3±0.5 abe Forest2 1.6±0.8 abed 

Cerana 1.0±0.5 be Ce ran a 0.3±0.4 abe Wild2 1.6±0.8 abed 

NorthEast 1.0±0.5 bed Forest2 0.3±0.4 abe Sunflower2 1.6±0.8 abed 

Forest2 0.9±0.5 bede Wild2 0.3±0.4 abe Florea 1.6±0.6 abedc 

Florea 0.9±0.6 bede G3H7 0.3±0.5 abe Coffee] 1.6±0.6 abede 

Coffee] 0. 9±0.5 bede Lychee] 0.3±0.4 abc Longan] 1.6±0.7 abcde 

Sesame] 0.9±0.6 bcdef Florea 0.3±0.4 abc Center 1.5±0. 7 abcdefg 

West 0.8±0.5 cdefg Sesame2 0.3±0.4 abc Sesame] J .5±0.8 abedefg 

Longan] 0.8±0.5 cdefg NorthEast 0.3±0.4 abc Lychee] 1.5±0. 7 abcdefg 

Center 0.8±0.5 cdefg South 0.2±0.4 abc Lychee2 1.4±0.6 abcdefg 

East 0.7±0.4 defgh Longan2 0.2±0.5 abc Cerana J .4±0. 7 abcdefg 

Wild2 0.7±0.5 defghi Lychee2 0.2±0.4 abc Wild I 1.4±0.8 abcdefg 

Sunflower2 0.6±0.3 efghij Sunflower I 0.2±0.4 abc NorthEast J .4±0.9 abcdefg 

Wildl 0.6±0.3 fghijk Longan I 0.2±0.4 abc East 1.4±0.6 abcdefg 

Sesame2 0.6±0.5 fghijk Wildl 0.2±0.4 abc West 1 .4±0 .6 abcdefg 

Coffee2 0.5±0.6 ghijk Macadamia 0.2±0.3 abc Coffee2 J .3±0.7 bcdefg 

Sunflower I 0 .4±0 .4 hijk Chitralada 0.2±0.3 abc Sesame2 1.3±0.6 bcdefg 

Stingless 0.4±0.5 hijk West 0.2±0.3 abc Sunflower] 1.3±0. 7 edefg 

G3H7 0.4±0.5 hijk Coffee2 0.2±0.3 abc Longan2 1.2±0.8 defg 

Longan2 0.4±0.3 ijk East 0.2±0.4 abc G3H7 1.2±0.8 efg 

G4H6 0.3±0.5jk North 0.1±0.3 be North 1.1±0.7 fg 

North 0.3±0.3 k G4H6 0.1±0.3 c G4H6 1.1±0.7 g 

Note: Mean with the same letter are not significantly different at alpha level = 0.05 
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Table 23: Fruit, flora and jasmine flavors profiles of Thai honeys 

Fruit flavor Flora flavor Jasmine flavor 

Honey Mean± SD Honey Mean± SD Honey Mean±SD 

Stingless 2.5±1.2 a Sunflower] 2.3±1.4 a Sunflower] 4.0±l.7a 

South 2.2±0.6 ab Longan2 2.0±1.2 ab Longan2 3.7±1.4 a 

Florea 2.J±0.7be Lychee2 1.9±1.0 be North 3.l±J.5b 

Wild2 2.1±0.7 bed West 1.8±1.2 bed Chitralada 2.3±1.2 c 

Forest] 2.0±0. 9 bede NorthEast 1.8±0.8 bede West 2.3±1.4 e 

Sesame] 1. 9±0. 7 bede Chitralada 1.8±0.5 bcde Longan] 2.0±1.0 cd 

Coffee] 1.8±0.9 bcdef Longan] 1.7±0.8 bcde NorthEast 1.9±0.9 cde 

Sunflower2 1.8±0. 7 bcdef North I. 7±0. 9 bcde Sesame2 J. 7±0.8 cdef 

Forest2 1.8±0.8 bedefg Coffee I J .7±1.0 bedef Lychee2 1.6±0.8 defg 

NorthEast 1.8±0. 7 bcdefg East 1.5±0. 7 cdefg Coffee] 1.5±0.8 defg 

Lychee2 1.8±0.7 bcdefg Macadamia 1. 5±0. 7 cdefg G4H6 1.5± 1.0 defg 

Cerana I. 7±0.9 bcdefg Ce ran a 1.5±0.9 cdefg Macadamia 1.4±0.6 defgh 

Center 1.7±0.9 bcdefg Sesame2 J .5±0.8 cdefg East 1.4±0.6 efgh 

West 1.6±0.7 cdefgh Stingless 1.4±0. 9 defg G3H7 I .4±0. 9 efgh 

Macadamia 1.6±0.6 defgh South 1.4±0.5 defg Center J.4±0.7efgh 

East 1.6±0.rrgh Sesame I 1.4±0. 7 defg Coffee2 1.2±0.7 fgh 

Chitralada I .4±0. 7 fghi Center 1.4±0.8 defg Wild2 1.1±0.7 fgh 

Lychee I 1.4±0.8 fghi Sunflower2 J.3±o.rrg Wild I 1.1±0.7 fgh 

Wild I I .4±0. 7 fghi.i Florea 1.3±0.6 efg Forest2 1.1±0.6 fgh 

Longan I 1.4±0.5 fghijk Lychee I 1.3±0.8 efg Sesame] 1.1±0.5 fgh 

Sunflower I 1.3±0. 7 ghijk Wild2 1.3±0.6 efg Cerana 1.0±0.7 gh 

Sesame2 1.2±0. 7 hijkl Wild I 1.3±0.7 fg Sunflower2 1.0±0.7 gh 

Longan2 1.1±0. 8 ijklm Forest2 1.2±0.8 g Lychee I 1.0±0.5 gh 

Coffee2 0.9±0.6.iklm Forest! 1.2±0.7 g Stingless 1.0±0.7 gh 

North 0.9±0.5 klm Coffee2 1.2±0.7 g Florea 0.9±0.6 gh 

G3H7 0.8±0.5 1m G3H7 1.1±0.8 g South 0.9±0.6 gh 

G4H6 0.7±0.5 m G4H6 1.1±0.8 g Forest I 0.8±0.5 h 

Note: Mean with the same letter are not significantly different at alpha level = 0.05 
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Table 24: Cotton candy, butterscotch and molasses flavors profiles of Thai honeys 

Cotton candy flavor Butterscotch flavor Molasses flavor 

Honey Mean±SD Honey Mean± SD Honey Mean±SD 

West 2.5±1.0 a Forest2 4.1±1.2a Forest2 3.9±1.5 a 

Center 2.3±1.1 ab Center 4.1±1.1 a Coffee I 3.7±1.1 ab 

G4H6 2.1±1.3 abe Coffee I 3.8±1.2 ab Sesame I 3.6±1.5 ab 

NorthEast 2.1±0. 7 abe Sesame I 3.7±1.3 abc Cerana 3.6±1.3 ab 

North 2.1±1.0abc Wild2 3. 7± 1.2 abc Sting less 3.6±1.4 abc 

Longan2 2.1±0.9 abc South 3.6±1.1 abed Center 3.4±1.4 abed 

Sesame2 2.0± 1.0 abed West 3.6±0.6 abed Florea 3.3±1.7 abede 

Sunflower I 2.0±0. 7 abed Coffee2 3.5±1.3 abede Lychee I 3.2±1.1 abcdef 

Wild! 1.9±1.0 bcde Wild I 3.5±1.0 abede Wild2 3.0±1.5 bcdefg 

G3H7 1. 9± 1.1 bcdef Macadamia 3 .4± 1.1 bedef Longan I 3.0±1.6 bedefg 

Coffee I 1.8±0.6 bedef Longan I 3.4±1.4 bedef South 3 . 0± 1 .4 bedefg 

East 1. 7± 1.0 bedef Sesame2 3.3±1.3 bedefg Macadamia 3.0±1.0 bedefg 

Macadamia 1.7±0.5 bedef Ce ran a 3.3±1.4 bedefg Wild I 2. 9± 1.2 cdefgh 

Forest2 J. 7±0. 7 edef NorthEast 3.3±1.2 bcdefg Lychee2 2.8±1. J cdefgh 

Longan I 1. 7±0.8 cdef Lychee I 3.2±1.1 bedefg West 2.8± 1.4 defgh 

Coffee2 1.6±0. 7 cdef Chitralada 3.2±1.3 bcdefg Sunflower2 2.8± 1.3 defgh 

South 1.6±0.8 cdef Sunflower I 3.1±0.8 cdefg Sesame2 2.8±1.3 defgh 

Sunflower2 1.6±0.6 cdef G3H7 3.0±1.5 defg G3H7 2.6± 1.4 efghi 

Chitralada 1.6±0.8 cdef Lychee2 3.0±1.0 defg East 2.6± 1.8 efghi 

Lychee2 1.6±0.9 cdef East 2.9±1.6 defg NorthEast 2.5±1.6 efghi 

Sesame I 1.6±0.6 cdef Florea 2.9±1. 7 defg Chitralada 2.5±1.6 fghi 

Cerana 1.5±0.6 cdefg Sunflower2 2.9±1.2 defg Forest I 2.5±1.5 fghi 

Lychee] 1.4±0. 7 defg North 2.9±1.4 defg Coffee2 2.4±1.4 ghi 

Forest I 1.4±0.8 defg Longan2 2.8±1.3 efg North 2.3±1.4 ghi 

Wild2 1.4±0.6 efg G4H6 2.7±1.3 fgh Sunflower I 2.2±1.3 hi 

Florea 1.3±0.5 fg Forestl 2.6±1.2 gh G4H6 2.1±1.4 hi 

Stingless 1.0±0.7 g Stingless 2.1±1.0 11 Longan2 2.0±1.3 i 

Note: Mean with the same letter are not significantly different at alpha level = 0.05 
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Table 25: Coffee, dried fruit and medicine flavors profiles of Thai honeys 

Coffee flavor Dried fruit flavor Medicine flavor 

Honey Mean± SD Honey Mean± SD Honey Mean± SD 

Coffee2 3.2±1.0 a South 2.3±0.7 a Lychee2 2.3±1.3a 

Sunflower I 2.0±1.1 b Stingless 2.2±1.0 ab Lychee I 2.0±0.9 ab 

West 1.9±0.5 be Sunflower2 2.2±1.4 abc Forest I 1.9±0.8 abc 

Longan2 1.9±1.0 bed Coffee I 1.9±0.9 abed Macadamia 1.7±1.2 bed 

NorthEast 1.9±0.8 bcde Forest2 1.8±0.8 bcde South 1.6±0.9 bcde 

North 1.9±1.0 bcde Sesame I 1.8±0.8 bcde Coffee] 1.5±0.8 cdef 

Chitralada 1.8±0.9 bcdef Wild2 1.8±0.8 bcdef Florea 1.5±0.6 cdefg 

Center ] . 8±0. 7 bcdefg Forest] 1.8±0. 7 cdefg Cerana 1.5±0.6 cdefg 

Sesame2 ] . 6±0. 7 bcdefgh Florea 1.8±0.8 cdefg West 1.4±0.9 cdefgh 

Macadamia 1.6±0.8 bcdefgh Lychee! I. 7±0.6 defg NorthEast 1.4±0.5 cdefgh 

East 1.6±0.9 bcdefghi Ce ran a I. 7±0. 7 defg Sunflower2 1.3±0.6 defghi 

Lychee] 1.5±0.6 bcdefghi Chitralada 1.6±0. 9 defgh Stingless J .3±0.5 defghij 

Lychee2 J .5±0. 7 bcdefghi Lychee2 1.6±0.6 defgh Chitralada 1.3± 1.0 defghij 

Florea I .4± I .1 cdefghi NorthEast 1.6±0.9 defgh Sesame] 1.3±0.6 efghij 

Coffee! 1.4±0.6 defghi Center 1.4±0. 9 defgh Forest2 1.2±0.5 efghij 

Wildl 1.4±0. 7 efghi Macadamia 1.4±0.8 defgh Wildl 1.1 ±0.5 fghijk 

Ce ran a 1.4±0.6 efghi West 1.4± 1.0 efghi Wild2 1.1±0.6 ghijkl 

Forest2 1.3±0.7 fghij Longan I 1.4±0. 7 efghi East 1.0±0.5 ghijkl 

G4H6 1.3±0.9 ghij Wildl 1.3±0. 7 fghij Center 1.0±0.2 hijkl 

Sunflower2 1.3±0.6 hij East 1.3±0 .5 ghij Sesame2 0.9±0.4 ijkl 

Sesame] 1.3±0.7 hij Sesame2 1.3±0.6 ghij Sunflower I 0.8±0.4.ikl 

Longan I 1.2±0.6 hij Sunflower] 1.1±0.7 hij Longan I 0.8±0.6.ikl 

G3H7 1.2±0.9 hij Longan2 0.9±0.6 ijk Longan2 0.7±0.5 kl 

Wild2 1.2±0.5 hij North 0.9±0.5ik Coffee2 0.7±0.4 kl 

Forest] 1.1±0.6 hij Coffee2 0.9±0.6.ik North 0.7±0.4 kl 

South 1.0±0.5 ij G4H6 0.6±0.6 k G3H7 0.7±0.6 kl 

Stingless 0.8±0.4i G3H7 0.6±0.6 k G4H6 0.6±0.4 1 

Note: Mean with the same letter are not significantly different at alpha level= 0.05 
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Table 26: Ferment, plastic and worcester sauce flavors profiles of Thai honeys 

Ferment flavor Plastic flavor Worcester sauce flavor 

Honey Mean± SD Honey Mean± SD Honey Mean± SD 

Stingless 2.5±1.1 a Lychee2 2.7±1.2 a Stingless 3.6±1.1 a 

Coffee! 1.9±0.9 b Lychee! 2.2±0.9 b Florea 2.3±1.0 b 

Forest! 1.6±0. 7 be Forest! 1.9±1.0 be Cerana 2.2±1.0 be 

South 1.5±0. 7 ed Macadamia 1.7±1.0 ed Coffee] 2.2±1.0 bed 

Cerana 1.4±0.5 ede Cerana 1.4±0.8 de South 2.1±1.3 bede 

Lychee2 1.4±0.4 ede Stingless 1.4±0.7 de Lychee2 1.9±0.7 bedef 

Sunflower2 1.4±0.5 ede Coffee I 1.4±0.6 de Sunflower2 I . 9± I . 0 bedef 

Florea 1.3±0.6 edef N01ihEast 1.4±0.8 de Sesame! I . 8±0. 8 bedefg 

Lychee I 1.3±0.5 edef Chitralada 1.3±1.3 def Forest I I . 8±0. 5 bedefg 

Forest2 1.3±0.5 edef West 1.3±0.6 def Macadamia I . 8±0. 8 edefgh 

NorthEast 1.3±0.5 cdef South 1.3±0.7def North East I. 7±0.8 defghi 

Macadamia 1.3±0.5 def Forest2 1.1±0.5 efg Forest2 1.6±0.8 efghi 

West 1.1±0.6 efg Florea 1.1±0.5 efg Lychee! 1.6±0. 7 fghi 

Sesame! 1.1±0.6 efg Sesame! 1.0±0.5 efgh Center 1.6±0.9 fghi 

Wild2 1.1±0.5 efg Sunflower2 1.0±0.5 efgh Wild2 1.6±0.9 fghi 

Center 1.0±0.4 efgh Center 1.0±0.5 efgh West 1.4±0.9 fghij 

Wild! 1.0±0.3 efgh East 1.0±0.6 efgh Sesame2 1.4±0. 8 fghij 

Chitralada 0.9±0.6 fghi Sunflower! 0.9±0.7fghi Chitralada 1.3±0.9 ghij 

East 0.9±0.5 fghi Sesame2 0.9±0.7 fghi Wild! 1.3±0.7 hij 

Sesame2 0.9±0.4 ghi Wild! 0.9±0.4 fghi North 1.2±0.8 ij 

Sunflower] 0.8±0.5 ghi Longan! 0.8±0.6 ghi East 1.2±0.7 ij 

Longan! 0.8±0.3 ghi North 0.7±0.5 ghi Longan] 1.0±0.9.i 

Coffee2 0.7±0.4 hi Wild2 0.7±0.6 ghi Longan2 1.0±0.7i 

G4H6 0.7±0.4 hi Longan2 0.6±0.5 hi Sunflower! 0.9±0.6.i 

G3H7 0.7±0.5 hi Coffee2 0.5±0.5 i Coffee2 0.9±0.5 j 

North 0.6±0.4 i G4H6 0.5±0.5 i G3H7 0.9±0.9.i 

Longan2 0.6±0.4 i G3H7 0.5±0.4 i G4H6 0.9±0.8.i 

Note: Mean with the same letter are not significantly different at alpha level = 0.05 
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Table 27: Soy sauce, herb and wood flavors profiles of Thai honeys 

Soy sauce flavor Herb flavor Wood flavor 

Honey Mean± SD Honey Mean± SD Honey Mean±SD 

Coffee I 2.2±0.8 a Stingless 1.6±0.7 a Lychee] 1.2±0.4 a 

Florea 2.l±0.7ab Forest] 1.5±0.6 ab Forest] 1.2±0.5 a 

Stingless 2.1±0.6 abc South 1.4±0.7abc South 1.2±0.6 ab 

Cerana 1.8±0.5 abed Lychee2 1.4±0.5 abe Lychee2 1.1±0.6 abe 

Macadamia 1.8±0.8 abed Coffee I 1.4±0.5 abe Florea 1.1±0.3 abc 

Forest2 1.8± 1.0 abede Florea 1.3±0.8 bed Coffee] 1.0±0.4 abed 

Sesame2 1.8±0.9 bede Sunflower2 1.3±0.6 bcde Forest2 1.0±0.4 abed 

Center J. 7±0. 7 edef Cerana J .2±0.5 bcde Macadamia 1.0±0.4 abed 

West J. 7± J.] edef Lychee I 1.2±0.6 bede Sesame I 1.0±0.4 abed 

North East 1.7±0.9 edef NorthEast ] .2±0. 5 edef Stingless 1.0±0.5 abed 

Sesame] 1.6±0.8 defg Sesame I I .1 ±0. 7 edefg Center J .0±0.2 abed 

Lychee I 1. 6±0. 7 defg Forest2 1.1±0.7 edefgh Cerana 0.9±0.3 bede 

Lychee2 1.6±0.8 defg Wild I 1.1 ±0.6 edefgh Chitralada 0.9±0.5 cdef 

Forest] 1.6±0.6 defg East 1.1 ±0.6 cdefgh West 0.9±0.5 cdef 

Sunflower2 1.5±0.6 defg Wild2 I. I ±0.6 cdefgh Wild2 0. 9±0 .4 edef 

South 1.5±0.9 defgh Chitralada 1.1±0.7 cdefgh Sunflower2 0. 8±0 .4 edef 

Wild I 1.4±0.6 defghi Macadamia 1.1±0.5 cdefgh Wild I 0. 8±0 .4 defg 

Wild2 1.4±0.8 efghi Center 1.0±0.5 defghi East 0.8±0.3 defg 

Chitralada 1.3±0.8 fghi West 0.9±0.6 efghi Sesame2 0. 8±0 .4 defg 

Sunflower I 1.3± 1.0 fghi Sunflower I 0.9±0.7 efghi NorthEast 0.7±0.4 efgh 

North 1.2±0.8 ghij Sesame2 0.9±0.6 efghi Sunflower I 0.7±0.3 efgh 

East 1.2±0.8 ghij Coffee2 0.8±0.6 fghi G3H7 0.7±0.4 efgh 

Longan I 1.2±0.9 ghij North 0.8±0.4 ghi Coffee2 0.6±0.4 fgh 

Coffee2 1.1±0.7 hij Longan] 0.8±0.5 hi North 0.6±0.4 fgh 

Longan2 1.1±0.9 ij G4H6 0.8±0.6 i G4H6 0.6±0.5 gh 

G3H7 0.8±0.6.i G3H7 0.7±0.7 i Longan I 0.5±0.4 gh 

G4H6 0.8±0.6i Longan2 0.7±0.5 i Longan2 0.5±0.4 h 

Note: Mean with the same letter are not significantly different at alpha level= 0.05 
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Table 28: Iron flavor profiles, degrees Brix and L * value of Thai honeys 

Iron flavor Degrees Brix L* value 

Honey Mean± SD Honey Mean± SD Honey Mean± SD 

Lychee2 l.l±0.8a G3H7 81.8±0.3 a Sunflower2 61.4±10.la 

Forest] l.0±0.7ab North 80.8±0.3 b Lychee2 58.3±3.2 ab 

South 1.0±0.5 ab Sunflower] 80.8±0.3 b Coffee2 54.5±0.5 b 

Lychee] 0.9±0.3 abe Coffee2 80.7±0.3 be Sunflower! 54.3±0.6 b 

Florea 0.9±0.2 abed East 80.7±0.8 be East 48.9±0.8 e 

Coffee] 0.8±0.5 abede Longan2 80.7±0.3 be North 47.8± 1.4 ed 

Macadamia 0.8±0.6 abede West 80.2±0.3 bed Macadamia 44.2±0.8 ede 

Forest2 0. 8±0 .4 abcdef Coffee] 80.0±0.0 ede Forest2 43.6±7.0 ede 

Sesame] 0. 8±0 .4 abedef Macadamia 80.0±0.0 ede G4H6 43.3±1.2 de 

East 0. 8±0. 7 abedef G4H6 80.0±0.0 ede NorthEast 43.2±1.2 de 

Wildl 0.8±0.3 bedef Lychee2 80.0±0.5 ede Wild I 42.3±3.6 de 

Sunflower2 0.8±0.4 bedef Wild I 79.7±0.3 def Sesame2 41. 1±4.6 ef 

Coffee2 0. 7±0.5 cdef Chitralada 79.7±0.3 def West 41.1±5. J ef 

Cerana 0. 7±0.3 edef NorthEast 79.5±0.5 def Wild2 40.3±6. I er 

Sesame2 0.7±0.3 edef Center 79.5±0.0 def South 38.6±5.5 efg 

Chitralada 0.7±0.5 edef Longan I 79.3±0.3 efg Longan I 36.2±5.5 fg 

Longan I 0. 7±0.5 cdef Forest2 79.3±0.3 efg Center 34.2±2.5 g 

North 0.6±0.5 edef Cerana 79.2±0.3 fg G3H7 33.5±1.7 g 

West 0. 6±0 .4 cdef Sesame I 79.2±0.6 fg Longan2 27.1±2.5 h 

NorthEast 0.6±0.4 edef Wild2 79.2±0.3 fg Lychee I 26.6±2.0 h 

Stingless 0.6±0.3 cdef Lychee I 79.0±0.0 fg Chitralada 23.5± 4.5 h 

G4H6 0.6±0.4 def Sunflower2 78.7±0.6 g Sesame I 13.2 ± 2.7 i 

Longan2 0.6±0.6 def Sesame2 78.0±0.0 h Florea 12.0±1.5 i 

Sunflower I 0.6±0.4 def Stingless 75.2±0.3 i Coffee] 10.1±5.2 i 

Center 0.6±0.3 ef Florea 74.3±0.3 j Forest] 5.0±J .4.i 

Wild2 0.6±0.4 ef Forest I 74.0±o.o.i Cerana 3.0±0.4.i 

G3H7 0.5±0.4 f South 73.8±0.8.i Stingless 0.2±0. I .i 

Note: Mean with the same letter are not significantly different at alpha level = 0.05 
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Table 29: a* and b* values of Thai honeys 

a* value b* value 

Honey Mean± SD Honey Mean±SD 

Lychee2 35.7±4.l a Sunflower2 103.9±15.6 a 

Sunflower2 31.0±1.7 b Lychee2 98.5±4.4 a 

Sesame I 28.6±1.8 be North 66.1±1.0 b 

Lychee I 28.2±1.7 be Wild2 64.8±7.7 be 

Center 26.7±1.8 cd Macadamia 62. l± 1.5 bed 

Coffeel 24.4±7.0 de West 61.5±3.9 bed 

Florea 23.5±0.8 def Forest2 60.7±4.2 bcde 

Chitralada 21.8± l. 7 efg South 60.1±5.9 ebde 

Forestl 20.7±3.8 fgh Longanl 59.9±6.6 bede 

Longanl 20. 7± 1.0 fgh Center 58.0±3.9 edef 

Wild2 20.0±2.0 ghi Sesame2 57.7±3.2 edef 

Longan2 17.9±1.0 hij Wildl 57.7±3.l edef 

South 17.3±2.4 ijk Coffee2 55.4±2.0 defg 

Sesame2 15.2±1.2jkl NorthEast 53.6±3.4 efg 

Cerana 15. l ± l. 9 jkl Sunflower I 50.8±4.9 fgh 

West l 5.0±3.4jkl East 50.1±4. l gh 

Forest2 14.1±1.2 kl Lychee] 45.6±3.4 11i 

Wildl 13.9±3.3 kl Longan2 44.7±3.5 hi 

Macadamia 13.3±1.4 I G4H6 40.7±3.7 i 

North 13.3±0.6 I Chitralada 39.6±6.8 i 

NorthEast 
. I 

12.0±2.1 G3H7 30.7±0.3 j 

East 7.6±2.2 111 Sesamel 22.7±4.6 k 

G3H7 7.4±0.5 rnn Florea 20.5±2.6 k 

Coffee2 6.0±0.9 rnn Coffee] 17.4±9.0 k 

Sunflower] 5.6±2.l rnn Forest] 8.6±2.4 1 

G4H6 4.2±1.8 11 Cerana 5. ]±0.8 Im 

Stingless 1 .0±0.3 ° Stingless 0.3±0. 1 rn 

Note: Mean with the same letter are not significantly different at alpha level = 0.05 
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PICTURE 

No. 

2 

3 

4 

Table 30: The picture of each honey samples 

Picture of honeys 
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Type of Honey 
(Source/ Brand) 

Longanl 

(Doi Kham) 

Description: Pure longan honey which has 

uniqueness flavor and be more sweeter 

comparing to the honey from other flora. 

Longan2 

(Chumchon) 

Description: The honey that was produced 

from longan flower. 

Ly ch eel 

(KMUTT) 

Description: The honey that was produced 

from lychee flower. 

Lychee2 

(TPA) 

Description: The honey that was produced 

from lychee flower. 



5 

6 

7 

8 

9 
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Forestl 

(KM UTT) 

Description: The raw honey from Nan 

which are harvested straight from the 

beehive from trees forests. by Mlabri tribe. 

Forest2 

(Healthy Mate) 

Description: Raw Organic Forest Honey 

which are harvested straight from the 

beehive from trees forests. 

Sesamel 

(TPA) 

Description: The honey that was produced 

from sesame flower. 

Sesame2 

(Supha Bee Farm) 

Description: The Sesame honey from Rim 

Tai sub-district, Mae Rim district, Chiang 

Mai 

Coffeel 

(Fora Bee) 

Description: The coffee honey was 

produced from the nectar of coffee flower 

in the mountain area of Northern Thailand. 



10 

11 

12 

13 

14 

109 

Coffee2 

(Fifth Month Honey) 

Description: The honey that was produce 

from coffee flower. 

Wildt 

(Fora Bee) 

Description: The wild flower honey was 

produced from the nectar of wild flower/ 

siam weed flower in the mountain area of 

Northern Thailand. 

Wild2 

(Ambrosia) 

Description: The wild flower honey was 

produced from Nan. 

Sunflowerl 

(Good.b) 

Description: Pure sunflower honey from 

Lopburi; the best source of sunflower 

honey in Thailand. 

Sunflower2 

(Sa-ard Bee Farm) 

Description: The sunflower honey from 

Phatthana Nikom sub-district, Phatthana 

Nikom district, Lopburi. This honey is 

certified with OTOP. 



15 

16 

17 

18 

19 
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Macadamia 

(Doi Tung) 

Description: The macadamia honey from 

Chiang Rai which macadamia honey can be 

only collected in January to March. 

Stingless 

(KM UTT) 

Description: The honey that was produced 

by stingless with unidentified floral type. 

Cerana 

(KM UTT) 

Description: The honey that was produced 

by Apis cerana or eastern honey bee with 

unidentified floral type. 

Florea 

(KM UTT) 

Description: The honey that was produced 

by Apisflorea or dwarf honey bee with 

unidentified floral type. 

Center 

(Sa-ard Bee Farm) 

Description: The multi-floral honey from 

Phatthana Nikom sub-district, Phatthana 

Nikom district, Lopburi. This honey is 

certified with OTOP. 



20 

21 

• 
22 

23 

24 
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North 

(Fifth Month Honey - Giant Bee) 

Description: The raw wild forest honey 

from giant honey bee in the forest at Mae 

Hong Son. 

East 

(Arnn) 

Description: The honey from Khitchakut 

Honey Community Enterprise, Chakthai 

sub-district, Khao Khitchakut District, 

Chanthaburi. 

West 

(Cobbie Brown) 

Description: The natural honey that was 

produced from the flower of Western 

Thailand for example Manilkara hexandra. 

South 

(No brand from Nakornsrithammarat) 

Description: The raw honey from the forest 

area of Nakornsrithammarat which not pass 

any treatment. 

North East 

(OTOP Gallery Ploenchit) 

Description: The multi-floral honey from 

Dan Sai district, Loei 



25 

26 

27 

Chitralada 

(Royal Project Chitralada) 

Description: The most well-known brand 

of Thai honey with unidentified floral type. 

Eucalyptus 

(Lune de Miel) 

Description: The eucalyptus honey of the 

most well-known brand from France 

Orange 

(Lune de Miel) 

Description: The eucalyptus honey of the 

most well-known brand from France 

Figure 38: The 24 Thai honey samples for sorting 
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Figure 39: The assessors in culinay group were sorting honeys 

Figure 40: The samples of pure honey and different ratios of 
mixed honey and glucose syrup. 

Figure 41: The semi-descriptive assessors generated sensory profiles of Thai honey 
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QUESTIONNAIRES AND BALLOT 

1. Questionnaires for studying consumers' behavior and perspective 
toward honey 

., ., 
Honey (tl1fl~) 

Instruction: The purpose of this questionnaire is to obtain the information of consumer 
behavior on honey. Please kindly complete the questions below and carefully give mark 
./ on the D answer(s) based on your opinion 

( f11111-1:;\l 1: m.1mrn110 u1d\l,.'l'i1~m'l'i0 'Hiflmn'l'tqwm·rn'IJ0~~111fori~iiw eJ i~~ fl1ilflf!011111111!l0110rn.1rn~H1At.1fl l~fl uriie~rm ia 

./ tH iu D f!UlffJlilflA!ttu'IJe~rirn) 

Part I: Consumer's Behavior ('l'lgwflnil'lle~N'u1lrm) 

I.) In the last 6 months, how often did you consume honey in average? 
"'-' t ,x ~ d l ll ~ d I (riru11J1h::vnmrnM ll'lmmwuemtfl lmmw1u 6 t\il1l'WY1mmn?) 

D Everyday ('IJrrl'u) 

D 3-4 times/ week (3-4 flt~.!off'tlmtt') 

D 1-2 times/ week ( 1-2 flf ,,\off'tllil1tt) 

D 1-2 times/ month (1-2 flf ~.!m~ou) 

D Other, please specify (5w1l1h\il1:;1J) ................................ . 

2.) Which brand of honey have you consumed before? [Check all that apply] 

( J1n~~M'o'lnu~rirutflu-rutl1::mu?) [ mm1rn~on 'l~hnrrni1 1 fiivrnu] 

D Vejpong Honey ( J1nm'llvNrl) 

D TPA Honey (J1n,lYl'l'lflfl~) 

D Doi Kham (lilour11) 

D Chitralada Royal Project (llvmrn1) 

D Lune de Miel (~rn\i\DU.n1) D Langnese (rn11uft') 

D Good.b (QliliJ) D Cannot remember ('hlm'.1Jm1~1'11'1') 

D Other, please specify (5uci 11Jrn1::1J) ................................ . 

3.) Do you know the honey that you consumed come from which type of flora? [If"No", skip to 

question number 6] ( riru1111un~o 'liii1J1n~~Qru futl1::Y11um~1n\ilon 'hl''llill'l 10) [ tl'1>1oui1 '"lii" '11'1'.IJ'ltl~r11m'.IJ.Uo~ 6] 

D Yes (1'lf) D No ('!ii) 

4.) Which type of honey's flora you have had before? [Check all that apply] 

( ~ " 1 ~Ji '! ;J ~ 1 ;J ?) [ .. 'l" ' I 0 
] fJU!lfW11Ju'l::Yl1'W'W11'-N~lfll'lflfl lJ'll'Wl'l 01J1~. i1'll111fl!iHlfl 0l11flfl11 fl1'1tl1J 

D Longan honey (ii1n~r11'1v) D Lychee honey (ii1n~~u~) 

D Sunflower Honey (i11n~\ilonmu>1::1u) D Forest Honey (J1n~iJ1) 

D Sesame Honey (J1n~0on~1) D Multi-Floral Honey (J1n~\ilt1n'hl'mnv'llil0) 

D Other, please specify (5uci 1tl101::1J) ................................ . 
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5.) Which type of honey's flora do you like the most? 

( r Ji 'l ~ ~ 'l "' ?) fj(lJ'li01J'Wlf-MtllfWltJfl lJ'li'Ul'I l'llJlfll'llJ'l'I. 

D Longan honey (ii'1n"c111u) 
j,/ ~ j/ I 

D Lychee honey (wir-Ml'iu'\i) 

D Sunflower Honey ( J1n"AeinY1rnA:;1u) 

D Sesame Honey (ii'1n"Aein"1) 

D Forest Honey (ii'1n"111) 

D Multi-Floral Honey (ii'1n"l'lein!tl'11nw'liill'I) 

D No preference (hJ'll'i''li01JJ1nmnAein 'lil''liilA 'lA1lluVlmhl) 

D Other, please specify (~w1 hhm:;1J) ................................ . 

6.) Where do you normally buy honey? 

( tln~ua1riru~oJ1n"~'l11u) 

D Supermarket ('l[1J1tlai'm1i1A): Home Fresh Mart, Gourmet Market, Tops Supermarket (1<1JJ 1vh 

'li!Jlfl'I, Qf!JJ.J mf1f\1'1, vfotJ CJ[tlttleifm1fl1'1) 

D Hypermarket ('lm1foi'm1i1A): Big C, Makro, Lotus (Dn'b-, um11m, 1Mhr) 

D Fresh Market (mnmrn) 
" Ji D Bee Keeper (flw'ilu"r-M) 

D Other, please specify (~u'] 1tl'iA'i:;lJ) ............................... .. 

7.) What food that you normally consume with honey? (Check all that apply] 

( tln~Ha1rirumuei111n'liilA 'll'lflfl1JJ1rl~) [ mm'imi'ltin Mmnni1 I rl1Aeiu] 

Bakery ( 'll'WlJu") 

D Waffle (11~1wn) 

D Cake (1ri'n) 

D Pancake (uvrniri'n) 

D Crepe (irmJ) 

D Sandwich bread ( 'll'WlJU"~Hrlinfrn11uCJ1u.11CJ1) 

Dessert ( 'lltJ"1111u) 

D Ice cream ('lmrn'.rn) 

Beverage (ifl~<M~lJ) 

D Toast ( 'll'UlJu"TI") 

D Fruit juice (ilwm'llJ') 

D Tea ('li1) 

D Coffee (mm~) D Herbal juice (ii'1miu'lw'i) 

D Milk (ulJ) 

Other 

D Other, please specify (~u'] 1tlrn'i:;1J) ................................ . 

8.) What food that you normally consume used honey as an ingredient? [You can select more 

than one choice) (tln~11a1riruu°jfoflm111'i'liilA'lA~iiJ1rl~1tlua1uth~m)1J) [ rirumm•m~onMmnni1 I rl1Ael1J] 

Bakery ( 'll'WlJu") 

D Cake (iri'n) 

D Crepe (imtl) 

Grains (fovh) 

D Cereal snack ( 'll'WJJCJii'.iun) 

D Brownie (mmHi) 

D Breakfast cereal (9ii~unm111'i1i'1) 
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Confectionary (11nm1'1) 

D Candy (~mm/ ~nnrn) 

Desse1i ( 'IJ11111111-1) 

D Ice cream Clorrf11ii) 

Meat dish (m1111m1) 

D Chocolate (9i'of11mrnl'l) 

D Yoghurt (lmMl'l) D Pudding (VJl'l~1) 

D Honey roasted meat (tdDnl'li'r.irnfi~1) D Honey Broiled meat (1dmfo,fornf1~1) 

D Honey roasted vegetable (N'nr.imf1~1) D Honey roasted seafood ( m11nVJ::::rnr.i11J1~1) 

Beverage (tf1~01~ii) 

D Coffee (mm~) D Tea ('111) 

D Alcoholic beverage (1f1~111~rnrn11n11<J11a) 

Other 

D Milk (uii) 

D Other, please specify (51-1'1 hlrn1::::11) , ............................... . 

Please give mark ./ into the box about factor affecting on purchasing honey 

General term (vi'1'hJ) 

Level of importance 

Factors 
( :;::.JU'IJ0'1f11llJiflfity) 

( u~llu) 
Not at all Slightly Moderately Very 
important important Important important 

('liiri1r\'ty) ( i!1r\'ty1gml'ou) ( i!1r\'tythmrn1-i) ( i!11lty!Jlfl) 

Brand 

(ihfo) 

Price 

(rn11) 

Volume 

(mm.i:;) 

Source 

(um\1~m) 

Safety 

( m1lltlini11nu) 

Match with specific use/ food 

( mm::nrnm Hrnl ~llmn::J 1rnm) 

Type of packaging 

( 1h~llll'l'IJ!l1m>vfiruqi) 

Uniqueness 

( m1rn\'h-1rnni\n11w) 

Sensory quality 

(f)rummrntl>~fflJNff) 

Other, please specify (51-1'1 ttl1'11~1J) 
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Extremely 
important 

(il11lty~!J'l'l) 



Attributes (flrui1n1'lru:o) 

Factors 

(ifoilu) Not at all 

important 

('hilf1il(\j) 

Color 

(ll) 

Clarity 

(m11J1!Y) 

Aroma 

(fl~W1111'1lJ) 

Viscosity 

(m11mu'1) 

Taste 

(>!Y'lf1A) 

Flavor 

( n~im111fotl>n1m) 

Other, please specify (gu'] 1ti'rn>:;1J) 

Part II: General Information (;J0mnY11'1l) 

1.) Gender (rvm) 

D Male ('lfw) 

2.) Age ( 01~) 

D Less than 18 years old ( ummi1 18 u) 

D 25 - 34 years (25 - 34 11) 

D 45 - 54 years (45 - 5411) 

3.) Level of education (mhm1'lilmn) 

D High school or lower (l1'1w11ilnm11~B~1ni1) 

Level of importance 

( 'l ;:v\u'IJ O~fl11lJ fflil(\j) 

Slightly Moderately Very 

important Important important 

(lf1fi(\jt~rnfou) (rilrl'(\jtlmn~N) ( fflil(\jlJltl) 

D Female (mil~) 

D 18 - 24 years (18 - 24 11) 

D 35 - 44 years (35 - 4411) 

D More than 54 years old (mnni1 54 11) 

D Diploma: Vocational certificate/ High vocational certificate (Btjmtyty1: tl1'lf.I tl1!Y.) 

Extremely 

important 

(fflfl(\j~i)''1) 

D Bachelor Degree (mtytyi.i~) D Master Degree or higher (mtyty1lVJ11~0\!~fli1) 

4.) Occupation (011'm) 

D Student (iln~mJ/ ilnilnm) D Company employee (Y1iln~1u1JWV1/ ~nli'1~1JWV1) 

D Business owner (11i'1'lltM1pil~) D Teacher (flil 01m11') 

D Government employee ('ll'1'l1'lfnn) D Housewife/ househusband (vfou1u/m!u1u) 

D Other, please specify (gu'] 1tlwn:;1J) ................................ . 
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5.) Income ('nu'IA) 

D Lower than 8,000 baht (~lfl'i1 8,000 mVJ) 

D 8,ooo - 15,000 baht (8,ooo - 15,ooo 'lJlVI) 

D 15,001 -25,ooo baht (15,001 - 25,000 'UlVI) 

D 25,001 - 35,000 baht (25,001 - 35,000 mVJ) 

D 35,001 - 45,000 baht (35,001 - 45,000 mVJ) 

D More than 45,000 baht (tr~n11 45,000 'UlVI) 

6.) Nationality (ff'l\!'lfl~) 

D Thai ('lVJu) 

D Other, please specify (5u'l hhl'l'l::lJ) ................................ . 

End of the questionnaire, thank you for your participation. 

oV '~QJ 

ij uu umn1 ua UJ 'IHJU flllHYl '11 'JU fl1 UJ ·n:mHlfl'i u . 
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2. Ballot for sorting Thai honeys 

Sorting Honey 

Instruction: Twenty-four samples of honey are included in this study. Please observe, smell 

and taste them, then group the samples according to their similarities. You can make many 

groups as possible, moreover the amount of sample in each group is unlimited. You can use any 

criteria to categorize samples except color then describe characteristics of each group. Lastly, 

please rate the overall-liking of each group of samples based on your preference by using 9-

point hedonic scale (the table below) and also answer the question on the last column. 

1 - Extremely dislike 2 - Dislike very much 3 - Moderately dislike 

4 - Slightly dislike 5 - Neither like or dislike 6 - Slightly like 

7 - Moderately like 8 - Like very much 9 - Extremely like 

*The smell you perceive through your nose =Aroma 

The smell while tasting sample is in your mouth =Flavor 

} - th)'lfO'lJlJlflni)'l'l 2 - 'hi'lfomnn 3 - 1
hhornJrwrnrn 

4 - hi'lfo1J1~ml'm1 5 - lilt/'] 6 - 'liOU!~flUOa 

7 - 'liomhwmm 8 - 'litl'lJlJlfl 9 - 'liO'lJlJlfl~iJ'l'l 
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Which types of product 

Gro up 
Sample 

fltjlJ 
Code 

Characteristic 
Overall 

shoul~ be consume/cook 

11itHhtJa1~ 
1ln11ru:o 

Liking 
with honey in this 

fl11lJ'lleJU1m1 'i1lJ " " group? 
t11/:l~ 1u ntjlJdmm:;numrn'j 1 flfi/ 

1'li'll1~D111n'llul'l 11'1 

I 
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3. Ballot for rating intensity of sweetness, sourness, bitterness and 
saltiness 

Name ................................................................. . 

Please rate the intensity of each attribute by tasting sample and 
comparing to the reference (Bold numbers are intensity of the reference) 

Set 1 

Attributes 

Sweetness (Ref.= 7, 8.5, 9.5, 10) 

Sourness (Ref.= 1.5, 2.5, 3.5) 

Bitterness {Ref.= 1.5, 2, 3.5) 

Saltiness (Ref.= 1.5) 

Set 2 

Attributes 

Sweetness {Ref.= 7, 8.5, 9.5, 10) 

Sourness (Ref.= 1.5, 2.5, 3.5) 

Bitterness (Ref.= 1.5, 2, 3.5) 

Saltiness (Ref.= 1.5) 

Set 3 

Attributes 

Sweetness {Ref.= 7, 8.5, 9.5, 10) 

Sourness (Ref.= 1.5, 2.5, 3.5) 

Bitterness {Ref.= 1.5, 2, 3.5) 

Saltiness (Ref.= 1.5) 
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4. Ballot for rating intensity of plastic, worcester sauce, dried fruit and soy 
sauce flavors 

Name ...................................... . 

Please rate the intensity of each attribute by tasting sample and comparing 
to the reference (Bold numbers are intensity of the reference) 

Attributes 

Plastic (Ref.= 3, 5, 7.5) 

Worcester Sauce (Ref.= 4, 5, 7) 

Dried Fruit (Ref.= 2, 3, 5) 

Soy Sauce (Ref.= 2, 3, 4.5) 

Attributes 

Plastic (Ref.= 3, 5, 7.5) 

Worcester Sauce (Ref.= 4, 5, 7) 

Dried Fruit (Ref.= 2, 3, 5) 

Soy Sauce (Ref.= 2, 3, 4.5) 

Attributes 

Plastic (Ref.= 3, 5, 7.5) 

Worcester Sauce (Ref.= 4, 5, 7) 

Dried Fruit (Ref.= 2, 3, 5) 

Soy Sauce (Ref.= 2, 3, 4.5) 

122 



5. Ballot/or rating intensity of molasses, butterscotch, coffee and cotton 
candy flavors 

Name ...................................... . 

Please rate the intensity of each attribute by tasting sample and comparing 
to the reference (Bold numbers are intensity of the reference) 

Attributes 

Molasses (Ref.= 4, 7) 

Butterscotch (Ref.=4, 6) 

Coffee (Ref.= 3,5) 

Cotton Candy (Ref.= 2, 4, 6) 

Attributes 

Molasses (Ref.= 4, 7) 

Butterscotch (Ref.=4, 6) 

Coffee (Ref.= 3,5) 

Cotton Candy (Ref.= 2, 4, 6) 

Set 3 

Attributes 

Molasses (Ref.= 4, 7) 

Butterscotch (Ref.=4, 6) 

Coffee (Ref.= 3,5) 

Cotton Candy (Ref.= 2, 4, 6) 
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6. Ballot for rating intensity of jasmine, fruit, per/ ume, flora and wood 
flavors 

Name ...................................... . 

Please rate the intensity of each attribute by tasting sample and comparing 
to the reference (Bold numbers are intensity of the reference) 

Set 1 

Attributes 

Jasmine (Ref.= 2, 5, 7) 

Fruit (Ref.= 3, 5.5, 8) 

Perfume (Ref.= 2, 4, 5) 

Flora (Ref.= 2, 5, 7) 

Wood (Ref.= 1, 2, 5) 

Set 2 

Attributes 

Jasmine (Ref.= 2, 5, 7) 

Fruit (Ref.= 3, 5.5, 8) 

Perfume (Ref.= 2, 4, 5) 

Flora (Ref.= 2, 5, 7) 

Wood (Ref.= 1, 2, 5) 

Set 3 

Attributes 

J asrnine (Ref.= 2, 5, 7) 

Fruit (Ref.= 3, 5.5, 8) 

Perfume (Ref.= 2, 4, 5) 

Flora (Ref.= 2, 5, 7) 

Wood (Ref.= 1, 2, 5) 
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7. Ballot/or rating intensity of viscosity, and ferment, medicine, herb and 
iron flavors 

Name ...................................... . 

Please rate the intensity of each attribute by tasting sample and comparing 
to the reference (Bold numbers are intensity of the reference) 

Set 1 

Attributes 

Viscosity (Ref.= 9, 11, 12, 13) 

Ferment (Ref.= 1, 3.5, 5) 

Medicine (Ref.= 2, 4, 6) 

Herb (Ref.= 2.5, 4, 6) 

Iron (Ref.= 1, 4, 6) 

Set 2 

Attributes 

Viscosity (Ref.= 9, 11, 12, 13) 

Ferment (Ref.= 1, 3.5, 5) 

Medicine (Ref.= 2, 4, 6) 

Herb (Ref.= 2.5, 4, 6) 

Iron (Ref.= 1, 4, 6) 

Attributes 

Viscosity (Ref.= 9, 11, 12, 13) 

Ferment (Ref.= 1, 3.5, 5) 

Medicine (Ref.= 2, 4, 6) 

Herb (Ref.= 2.5, 4, 6) 

Iron (Ref.= 1, 4, 6) 
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STATISTICAL ANALYSIS 

1. Chi square of q uestionnaries 

I. Frequency of consumption 

Age 

Statistic DF Value 

Cbi;..Square 16 24.8286 
.. 

Likel.ihood Ratio Chi-Square 16 25.8735 
. .· .. .\ .. · 

Mante)...J;l3enszel Clii-Squar~ 1 I 0.0113 

Phi Coefficient 0.4549 
·• . 

Contingency Coefficient 0.4140 

Cramer'sV 0.2274 

WARNING: 68% of the cells have expected counts less 
tha.n 5. Chi-Square may not be a valid test. 

Education 

Statistic DF Value 

Chi-Square 12 10.8742 

Likelihood Ratio Chi-Square 12 13.8814 

Mantel-Haenszel Chi-Square 1 4.8476 

Phi Coefficient 0.3010 
·~· 

Contingency Coefficient 0.2883 

Cramer'sV 0.1738 

WARNING: 70% of the cells have expected counts less 
than 5, Chi-Square may not be a valid test. 
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Prob 

0.0729 

0.0558 

0.9153 

Prob 

0.5397 

0.3083 

0.0277 
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Gender 

Statistic DF Value Prob 

Chi-Square 4 8.0608 0.0894 
. 

Likelihood Ratio Chi-Square 4 7.9204 0.0945 

Mantel•liae•szel Chi-Square 1 4.1505 0.0416 

Phi Coefficient 0.2592 

Co•tingency Coefficient 0.2509 

Cramer'sV 0.2592 
.. 

WARNING: 30% of the cells have expected counts less 
than 5. Chi~Square may not be a valid test. 

Income 

Statistic DF Value Prob .. 
.·. 

Chi-Square 20 19.6701 0.4787 

Likelihood .Ratio Chi~Squ3.re 20 26.1195 0.1619 

Mant¢l•llaenszel Cbi•Sq11are 1 0.0214 0.8836 

Phi Coefficient 0.4049 

Contingency Coefficient 0.3753 
.·· 

Cramer'sV 0.2024 

WARNING: 73% of the cells have expected counts less 
than 5. Chi-Square may not be. a valid test. 

Occupation 

Statistic DF Value Prob 

Chi-Square 24 19.8462 0.7055 

Likelihood Ratio Chi-Square 24 22.2919 0.5618 

Mantel-Haenszel Chi-Square 1 1.8169 0.1777 

Phi Coefficient 0.4067 

Contingency Coefficient 0.3767 

Cramer'sV 0.2033 

WARNING: 83% of the cells have expected counts less 
than 5. Chi-Square may not be a valid test. 
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2. Brand of honey 

Age 

Statistic DF Value Prob 

Chi-Square 16 27.6117 0.0352 

Likelihood Ratio Chi'."Sqt1are 16 28.7360 0.0258 
.. 

Mantel-llaenszel Chi-Square. 1 0.5836 0.4449 

Phi Coefficient 0.5255 
... · 

. 

Contingency Coefficient 0.4652 

Cramer'sV 0.2627 

WARNING: 76% of the cells have expected counts less 
than· 5. Chi-Square may not be a valid test. 

Education 

Statistic DF Value Prob 

Chi'."Square 21 14.6904 0.8382 

Likelihood RatJ.0 Chi-Square 21 15.4037 0.8022 

Mantel ... Haenszel Chi-Square 1 0.0904 0.7637 

Phi Coefficient 0.2677 

Contingency Coefficient 0.2586 

Cramer's V 0.1546 

WARNING: 72% of the cells have expected counts less 
than 5. Chi-Square may not be a valid test. 
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Gender 

Statistic DF Value Prob 

Chi-Square 7 6.4270 0.4909 
--------

Likelihood Ratio Chi-Square 7 6.7555 0.4548 

Mantel-Haenszel Chi-Square 1 1.6312 0.2015 . 
Phi Coefficient 0.1771 

Contingency Coefficient 0.1744 
.· 

Cramer's V 
'' ',-

0.1771 
.. 

WARNJN(J: 44% of the cells have ~xpected counts less 
than 5. Chi-Square may not be a .valid test • 

... 

Income 

Statistic DF Value Prob 

cJii.;Square 35 34.1522 0.5089 

Likelihood Ratio·Chi-Sqt1are 35 41.5818 0.2059 
. · .. 

Mantel•Haenszel.Cbi-Square 1 0.1133 0.7364 

Phi Coefficient 0.4082 
. 

Contingene!Y Coefficient 0.3779 
.· 

Cramer's V 0.1825 
· . 

. 

WARNING: 73% of the cells have expected .counts less 
th~m 5. Chi-Square may not be a valid test. 

Occupation 

Statistic DF Value Prob 

Chi-Square 42 44.6373 0.3615 

Likelihood Ratio Chi-Square 42 45.5078 0.3282 

Mantel-Haenszel Chi-Square 1 0.7371 0.3906 

Phi Coefficient 0.4666 

Contingency Coefficient 0.4229 

Cramer'sV 0.1905 

WARNING: 79% of the cells have expected counts less 
than 5. Chi-Square may not be a valid test. 
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3. Awareness of honey floral type 

Age 

Statistic DF Value Prob 

Chi-Square 4 2.3335 0.6747 

Lil{elihood Ratio Chi--Square 4 2.3486 0.6719 

l\>:hintel--llaenszel Chi-Square 1 0.0336 0.8545 
.. 

Pbi Coefficient 0.1394 
' 

Conting~ncy(Joefficient 0.1381 

Cramer'sV 0.1394 

WARNING: 30% of th.e cells have expected counts less 
than 5. Chi-Square may not be a valid test. 

Education 

Statistic DF Value Prob 

Chi--Square 3 8.8837 0.0309 

Likelihood Ratio Cbi.;.Square 3 8.9696 0.0297 

Mantel-Haenszel.Cbi".'"Square 1 7.2106 0.0072 

Phi Coefficient 0.2721 

Contingency Coefficient 0.2625 

Cramer's.V 0.2721 

WARNING: 50% of the cells have expected counts less 
than 5. Chi-Square may not be a valid test. 
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Gender 

Statistic DF Value Prob 

Chi'."Square 1 0.1814 0.6702 
-

Likelihood Ratio Chi ... Square 1 0.1810 0.6705 
.· 

Continuity Adj •. ~hi•Sqt1are 1 0.0511 0.8212 
; 

Mantel;.Haensze1·.chi-Square 1 0.1799 0.6715 

Phi <;:oeffi~ient -0.0386 
.. 

Contingency Coefficient. ; 0.0385 

Cramer'sV -0.0386 
. 

Income 

Sta tis tie DF Val.ue Prob 
;·. 

5 11.6536 0.0399 

5 12.0225 0.0345 

4.8596 0.0275 

0.3116 Phi Coefficient .. •. ·. 

.. 

'> ·. '.·. ,. '· ' ··· .. '>f: .. _:' .. ', 
Continge)lcy Coemci,~"d 0.2975 

.. 

Cra.mer•s·v 0.3116 
; 

Occupation 

Stati$tic DF Value Prob 
; 

Chi-~quare 6 4.2866 0.6380 

Likelihood ·Ratio Chi.:.Square . 6 4.5139 0.6075 

Ma.nteJ-Haenszel Chi.;Square 1 0.7169 0.3972 
·.·' " 

Phi Coefficient 0.1890 

Contingency Coefficient 0.1857 

Cramer'sV 0.1890 

WARNING: 57% of the cells have expected counts Jess 
than 5. Chi-Square may not be a valid test. 
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4. The floral type of honey that consumer aware 

Age 

Statistic 
. ·· .·· . 

DF Value Prob 
··.· 

Chi-Square ·. 20 18.7402 0.5388 
---.. 

Likelibood }latio Chi-Square 1 20 19.7822 0.4716 
' .. . ' 

.· 

Mantel-Ua.,nszel Chi-Square. 1 0.0613 0.8044 

Phi Coefficient ·.··. 0.4418 
.. 

. ·• < ... 

Contingency CoefDc.ie,qt 0.4041 
~ \ ' '.' '· ·: '. ' ' ' . .. 

Cramer'sV 0.2209 .. 

WARNING: 80% ofthe cells have expected counts Jess 
than 5. Chi-Square may not be a valid test. 

Education 

Statistic DF Value Prob 

Chi-Sq11are 15 7.4292 0.9446 

Likelihoo(f Ratio Chi-Square 15 9.2101 0.8663 

Mantel-HaenszeJ.Cbi.,.Square 1 0.0335 0.8547 
•. 

Phi Coefficient 0.2782 
.·.· 

Contingency Coefficient 0.2680 

Cramer'sV 0.1606 

WARNING: 75% of the cells have expected counts less. 
than 5. Chi-Square may not be a valid test. 
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Gender 

Statistic DF Value Prob 

Chi-Square 5 9.1542 0.1031 
-·-·-~·-··----

Likeliho9d.Ratio Chi-Square 5 10.2231 0.0692 

l\fantel-Haens~J Clli~Square 1 2.6076 0.1064 
. 

PhiCoefticient 0.3088 

Contingency Coefficient 0.2951 

Cramer'sV 0.3088 

WARNING!. 50.% ofthe cells have expected counts less 
tha.n 5~ Chi;;Sqt,utre may not be a. valid test. 

·. 

Income 

Statistic DF Value Prob 
.· 

~hi-Squl:lre 25 17.5915 0.8592 

Lif{elihood Ratio Chi-Square 25 19.6409 0.7654 

l\fantel-JJaenszelChi;;Square I 0.0024 0.9609 

Phi Coefficient 0.4281 
,.· . " __ .·,·.·· .. 

Contingency CoefficieDt · 0.3935 
·. . 

Cramer'sV 0.1914 
' 

W AJlNING: ~9%·of the cells have expected counts less 
• . ' • < 

than 5. Cbi-Square may not be a valid test. .• 

Occupation 

Statistic DF Value Prob 

Chi-Square 30 29.8355 0.4741 

Likelihood Ratio Chi-Square 30 32.3534 0.3513 

Mantel-Baenszel Chi-Square I 0.2120 0.6452 

Phi Coefficient 0.5575 

Contingency Coefficient 0.4869 

Cramer'sV 0.2493 

WARNING: 86% of the cells have expected counts less 
than 5. Chi-Square may not be a valid test. 
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5. The floral type of honey that consumer prefer 

Age 
.· .· QF Statistic Value Prob 

Chi-Square 20 10.0782 0.9667 
. 

Likelihood Ratio Chi-Square 20 10.2529 0.9634 
·. •.... .. . .. ·.· .. 

'·: ,- - -- -- - - - '/•" 

Mantel-IJaenszel.Chi.,;Square 1 0.8518 0.3560 . .· ..... 

Phi Coefficient 0.4065 . 
'> .<<' i -- - ": - - -: 

Col'f til'f~ency: Coefficient 0.3765 
... 

(;ramer'sV .··· 0.2032 
. . · ... 

W ABNJNG: 90% of the cells have expected counts less 
than s~ Chi-Square may not be a valid test . 

.. 

Education 

Statistic 
.... ··. 

DF Value Prob . 

Chi:..Squar,e .. 15 10.1988 0.8071 
• • . • ..:. • <. •. 

Likelihood Ratio Chi-Square 15 11.6953 0.7019 
·. 

Mantel,;IJaenszel ·Chi-Square 1 1.0487 0.3058 

Phi (;oeffieient ·.·. 0.4089 

C~1ttingency Coefficient 0.3785 
- - - ·--

.. 

Cramer's.V 0.2361 

WARNING:. 75% of the .cells have expected counts less 
than 5. Chi-Square may not be a valid test. 

134 



Gender 
.... 

Statistic DF Value Prob 
,,,' ,, .. . 

Cl)i:.squar:e 5 3.2271 0.6650 
.. . .... .. 

Likelihood ~tio Clti;.Square 5 3.6389 0.6025 

MQO,tel-Jlaell,,Szel Cbi-Square l 0.1938 0.6598 

PbiC6efft~tent 
. 

0.2300 
.. 

Co.ntingency Coefficient 0.2242 
. 

Cramer'sv· 0.2300 

\VARNJN,G: 67% .of tbe cells have expected counts less 

.. ·than· 5. Chi-Square may· not ·be a valid .test • 

Income 

Statistic DF Value Prob . ·. .· 

c;ll~•Square 25 20.5530 0.7172 
,,,, 

Lik~lihood.Ratio. Chi-Sql)are 25 17.3853 0.8673 
' ,' ,, ' ' ',,''" 

Mante,•llae.nszel Chl-~quare l 0.0443 0.8332 

PhfCoefficient 0.5805 
·. 

Contingency· Coefficient .. 0.5020 
. 

Crawer'sV 0.2596 
·. 

WARNING: 92% of the cells have .expected counts less 
than >5. Chi-Square may not be a valid test. 

.. 

Occupation 

Statistic DF 1•• Value Prob 

Chi-Square 30 41.5980 0.0774 

Likelihood Ratio Chi-Square 30 24.5616 0.7460 

Mantel"".Haenszel Chi-Square l 0.0002 0.9892 
. 

Phi Coefficient 0.8258 

Contingency Coefficient 0.6367 

Cramer'sV 0.3693 

WARNING: 93% of the cells have expected counts.less 
than 5. Chi-Square may not be a valid test. 
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2. Friedman's test on variables affecting on consumer decision 

1. Buying factors 

Source DF AnovaSS Mean Square FValue Pr>F 

Consumer 119 0.000000 0.000000 0.00 1 .0000 . ·. 

Factors 8 1272.983333 159.122917 37.46 <.0001 

,-,, . ' ', 

!\jeans with the ~ame let.ter are not. ~ignUicantly 
different . . . .. 

·.· .. · ·. 

Duncan .Grouping Mean N Factors 

A 7.5792 120 Safety 

B 5.5833 120 Source 
_______ , ____ "--·-~ -
B 

B 5.5375 120 Sensory Quality 

c 4.9000 120 Specified Use 

c 
__ " ___ 

-·"-"" 

c 4.8167 120 Package 

c 
D c 4.5708 120 Price 

D 

D E 4. 1542 120 Volume 

D E 

D E 4.1417 120 Uniqueness 

E 

E 3.7167 120 Brand 

136 



... ·. 

Level of Rorder 

Factc>r N Mean Std Dev 

Brande 120 3.71666667 2.08811496 

Price 120 4.57083333 1.90785179 ... . 
Volume .. 120 4.15416667 1.88402822 

·· . 
. . 

Source 120 5.58333333 1.93956303 
.. ·. 

Safety 120 7.57916667 1.54075698 

Specroed. Use 120 4.90000000 2.08697441 
·.· 

Pac)(age· 120 4.81666667 1.90855365 

Uniqu~ness 120 4.14166667 1.85864247 
·---- -

Sen~ory qualify .. 120 5.53750000 2.20023156 

2. Sensory characteristics 

Sour¢e DF AnovaSS Mean Square FValue Pr>F 
··.· 

Consumer 119 0.0000000 0.0000000 0.00 1.0000 

Factor 5 192.2458333 38.4491667 25.06 <.0001 

Means with.the same letter are nohignificaQtly 
different. 

Tukey Grouping Mean N Factor 

A 4.2708 120 Taste 

A 

B A 4.0542 120 Flavor 

B 

B 3.6000 120 Aroma 

c 3.1083 120 Viscosity 

c 
c 3.0250 120 Clarity 

c 
c 2.9417 120 Color 
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Level of Rorder 

Facfor. N Mean Std Dev 

CoJor 120 2.94166667 1.13793144 
.. 

Clarity 120 3.02500000 1.14284401 ... 
AroJlla 120 3.60000000 1.09927402 

.. 
Viscpsity 120 3.10833333 1.08887293 

Taste 120 4.27083333 1.17554892 

Flavor 120 4.05416667 1.13721581 
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3. Sorting technique with different groups of consumers 

Non-honey user 

Source Type III SS Mean Square F Value Pr> F 

Panelist 29 492.6611111 16.9883142 6.94 <.0001 

Honey 23 863.7277778 37.5533816 15 .34 <.0001 

Means witlt the saDle letter are not significantly 
different . . 

TukeyGrouping Mean .. N Honey 

A 7.3000 30 West 

A 

B A 7.0333 30 Wildl 

B A 

B A 6.9667 30 Sunflower I 

B A 

B A 6.8667 30 Longan I 

B A 

B A 6.8000 30 North 
·-·---·-

B A 

B A c 6.6333 30 Sesame2 

B A c 
B A c 6.6333 30 Longan2 

B A c 
B D A c 6.5333 30 NorthEast 

B D A c 
B D A c 6.3333 30 Middle 

B D A c 
E B D A c 6.2333 30 East 

E B D A c 
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• ;. . .. • . > 

Mean~ with th~ same letter. are not significantly 
. .. different~ .. 

Tgkey Grouping Mean N Honey 

E B D A c 6.0333 30 Coffee2 

E B D A c 
E B D A c F 5.8333 30 Wild2 

E B D c F 

E B D c F 5.7333 30 Macadamia 

E D c F 

E D G c F 5.3000 30 Sesame! 

E D G c F 

E D G c F 5.2667 30 Cerena 

E D G c F 

E D G c F 5.2333 30 Sunflower2 

E D G F 

E D G F 5.1333 30 Forest2 

E D G F 

E D G F 5.0667 30 Lychee2 

E G F 

E G F 4.8000 30 Coffee I 

E G F 

E G F 4.8000 30 Lychee I 

G F 

H G F 4.5333 30 Florea 

H I G 

H G 3.9333 30 Forest I 
·-

H G 

H G 3.9000 30 South 

H 

H 3.1667 30 Stingless 
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Level of Bedonie 

Holley N Mean Std Dev 
.. 

' 

Ce.rena 30 5.26666667 1.81817137 
... 

C9ffee1·· 30 4.80000000 1.86436640 

Cofi'ee2 30 6.03333333 2.10882110 
. 

East· ' 30 6.23333333 1.83234038 

Florta . ... 30 4.53333333 1.81437428 

Forestt 30 3.93333333 2.16449936 

Forest2 30 5.13333333 1.99539700 

Lon,ganl 30 6.86666667 1.16658456 

Longan2 30 6.63333333 1.58621939 

Ly ch eel 30 4.80000000 2.28035085 
. 

L¥chee2 30 5.06666667 1.92861096 
. 

l\fa,'¢adamia 30 5.73333333 1.77983597 
' . 

Middle 30 6.33333333 1.51619609 

Nl,rth 30 6.80000000 1.32352716 

NorthEast 30 6.53333333 1.45586408 

Ses~mel 30 5.30000000 1.93248099 
. 

Sesame2· 30 6.63333333 1.51960370 

South 30 3.90000000 1.98876153 

Stingless 30 3.16666667 1.83985257 

Sunflower! 30 6.96666667 1.40155907 

Sunflower2 30 5.23333333 1.65432210 
---· 

West 30 7.30000000 I .08754707 

Wildt 30 7.03333333 1.06619961 

Wild2 30 5.83333333 2.05247258 
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Regular honey user 

. 
Pr>F Source DF Typemss Mean Square FValue 

Panelist 29 1137.050000 39.208621 14.82 <.0001 

HoneY 23 859.616667 37.374638 14.12 <.0001 

.· 

Means with the same letter.are notsignit'kantly 
different. 

' ' 

Tukey Grouping Mean I. N Honey 

A 6.9333 30 Longan2 

A 

A 6.9333 30 Longan I 
·-·-~- ~-~~ 

A 

B A 6.8333 30 Sunflower I 

B A 

B A 6.7667 30 Coffee2 

B A 

B A 6.7667 30 East 

B A 

B A 6.7333 30 North 

B A 

B A 6.7000 30 West 

B A 

B A c 6.4667 30 Middle 

B A c 
B D A c 6.2333 30 NorthEast 

B D A c 
B D A c 6.2333 30 Wild2 

--

B D A c 
B D A c 6.1667 30 Sesame2 

B D A c 
B D A c 6.0000 30 Wild I 

B D A c 
·---
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Means with the same letter ate nut significantly 
different . 

. • 
· .. · 

Mean Tukey Grouping N Huney 

E B D A c 5.8667 30 Sesame I 

E B D A c 
E B D A c 5.7667 30 Cerena 

E B D c 
E B D F c 5.3000 30 Sunflower2 

-

E D F c 
E G D F c 5.1333 30 Forest2 

E G D F c 
E G D F c 5.1000 30 Macadamia 

E G D F 
!-----1----- "----"--

E G D F H 4.8333 30 Coffeel 

E G D F H 

E G D F H 4.7333 30 Florea 

E G D F H 

E G D F H 4.7000 30 Lychee2 

E G F H 

E G F H 4.4333 30 Lychee I 

G F H 

G F H 3.7667 30 Forest] 

G H 

G H 3.6000 30 South 

H 

H 3.4000 30 Stingless 
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Level of Bedonie 

Honey N Mean Std Dev 

Cerena 30 5.76666667 2.06252830 

Coffeel 30 4.83333333 2.35010394 

Coffe~2 30 6.76666667 1.54659433 
--... 

East· 30 6.76666667 1.50134040 

Florea 30 4.73333333 2.36254295 

Forestl 30 3.76666667 2.22343836 

Forest2 30 5.13333333 1.88886635 

Long~n1·· 30 6.93333333 1.59597194 
-~-----··---~~-

L.)~g~n2> 30 6.93333333 1.59597194 

Ly~heel 30 4.43333333 2.31462119 

Lycllee2 30 4.70000000 2.40903472 
. 

Macadamia. 30 5.10000000 2.21826276 . 

Middle 30 6.46666667 2.06336406 

:N~rth 30 6.73333333 1.52978099 

North'East 30 6.23333333 1.88795334 

Sesalllel 30 5.86666667 2.40306318 

Sesame2 30 6.16666667 2.11860939 
.. . 

South 30 3.60000000 2.20657325 

Stingless 30 3.40000000 2.31337938 
·•· . 

Sunfl()werl 30 6.83333333 1.74362550 
. 

Sullflower2 30 5.30000000 2.21515159 

West 30 6.70000000 1.95024313 

Wildt 30 6.00000000 2.14957895 

Wild2 30 6.23333333 1.83234038 
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Culinary group 

Source DF TypeIIISS Mea11 Square FValue Pr>F 
... 

Panelist 29 644.762500 22.233190 6.04 <.0001 

Honey 23 1469.287500 63.882065 17.35 <.0001 

Means with the sam,e letter are no~ sig11ificantly 
diffe~nt. 

..· 

Tukey Grouping Mean N Honey 

A 7.0667 30 Longan! 

A 

A 7.0333 30 Sunflower! 

A 

B A 6.9667 30 Coffee2 

B A 

B A 6.9667 30 West 
--- ------ ----

B A 

B A 6.9333 30 Longan2 
~~-

B A 

.B A 6.8667 30 Wild! 

B A 

B A 6.8333 30 NorthEast 

B A 

B A c 6.6667 30 North 

B A c 
B D A c 6.3667 30 Sesame2 

B D A c 
B D A c 5.8667 30 Sesame! 

. "-----

B D A c 
B D A c 5.8333 30 Wild2 

B D A c 
B D A c 5.7000 30 East 
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Means with the same letter are not significantly 
· . different. 

·. 

Tukey Gro11ping Mean N Honey 

B D A c 
E B D A c 5.4333 30 Forest2 

E B D A c 
E B D A c 5.3667 30 Middle 

E B D A c 
-· ---

E B D A c 5.3333 30 Macadamia 

E B D c 
E B D F c 5.1667 30 Cerena 

E D F c 
E G D F c 4.9000 30 Sunflower2 

-

E G D F 

E G D F 4.8333 30 Coffee I 

E G F 

E G F H 3.8667 30 Lychee2 

G F H 

G F H 3.4333 30 Stingless 

G F H 

G F H 3.3667 30 Lychee] 

G H 

G H 3.2000 30 Florea 

G H 

G H 3.1667 30 Forest I 

H 

H 2.5333 30 South 
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Level of Bedonie 
• 

Std Dev HQney N Mean . . 
Cerena 30 5.16666667 2.21411356 

Coffeel 30 4.83333333 2.65334315 

CQffee2 30 6.96666667 1.86590707 

East 30 5.70000000 2.24606936 . .. 
' 

Fh~rea · ·. 30 3.20000000 1.86436640 

Fbtestl 30 3.16666667 2.11860939 · ... 

Forest2 30 5.43333333 2.02881541 
.· .•' .. 

-.. 
Longanl 30 7.06666667 1.91064772 

. 

Longan2 
· .. ·· 30 6.93333333 1.81817137 .... · 

Lycli~l, .. 30 3.36666667 1.90250893 

Lycli~2 30 3.86666667 2.40306318 

Maead~mia 30 5.33333333 2.75847701 

Middle .. 30 5.36666667 2.20474931 
- "'"·-~--" ·----· 

NQrtli 30 6.66666667 2.07336697 

NorttiEast .. 30 6.83333333 1.48749577 

Sesamel 30 5.86666667 2.12916259 

$esame2 .· 30 6.36666667 2.47028315 

South 30 2.53333333 1.88886635 

Stingless 30 3.43333333 1.94197435 

Suntlower1 30 7.03333333 1.82857271 

Sllntlower2 30 4.90000000 2.30964992 

West 30 6.96666667 1.75151822 

Wildt 30 6.86666667 1.99539700 

Wild2 30 5.83333333 2.30566519 
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4. Comparing number of words between each group 

Source DF Typemss Mean Square FValue Pr>F 

Panelists 29 898.4888889 30.9823755 1.65 0.0521 

Group 2 151.3555556 75.6777778 4.04 0.0228 

·.· 

Means.with the·same letter are n,ot $ignificantly 
di ff eren,t. 

t Gtouping Mean N: Group 

A 12.867 30 Regular honey user 

A 

A 12.167 30 Non-honey user 

B 9.833 30 Culinary group 

•. .·. 

Levelof 
Words 

Group· N Mean Std Dev . 
Culin~ey group 30 9.8333333 2.67920901 

Non-hpney user 30 12.1666667 5.01090764 
·. 

Regular honey user 30 12.8666667 6.01568830 

148 



5. Performance of the assessors from the training (Performance checking 
based on last session of training for each sets of attributes) 

Session 15: Sweetness, sourness, bitterness and saltiness 

Sweetness 
... ·. 

Source DF Type:mss Mean·Squ~re FValue Pr>F 
,' ·.· .. 

Product 5 5.39236111 1.07847222 3.99 0.0034 

Panelist 5 4.80902778 0.96180556 3.56 0.0069 

Rep 1 0.08680556 0.08680556 0.32 0.5729 

... .. . . 
Means with the s'ame letter. are notsignifica~tly 

different~ . .· 
·. 

Duncan Grouping ... Mea.n .N Product . 

A 8.1250 12 Macadamia 

A 

B A 7.7500 12 Stingless 

B A 

B A 7.7083 12 Lychee2 

B 

B 7.5417 12 Forest I 

B 

B 7.3333 12 Longan I 

B 

B 7.3333 12 Coffee2 

Level of Sweet 

Product N Mean Std Dev 

Coffee2 12 7.33333333 0.61545745 

Forestl 12 7.54166667 0.45016832 

Longant 12 7.33333333 0.74873631 

Lychee2 12 7.70833333 0.65568609 

Macadamia 12 8.12500000 0.43301270 

Stingless 12 7.75000000 0.39886202 
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Sourness 

. ·.• 

Sour«!e DF Typemss Mean Square FValue Pr>F . 

Product 5 63.55902778 12.71180556 70.31 <.0001 

Panelist 5 3.22569444 0.64513889 3.57 0.0068 

Rep 1 0.28125000 0.28125000 1.56 0.2171 

Means with the same letter are not significantly 
different . . ·. 

Duncan Grouping Mean N Product 

A 3.3333 12 Stingless 

B I. I 250 12 Forestl 

B 

B 1.0000 12 Lychee2 

B 

B 0.9583 12 Macadamia 

B 
----

B 0.8333 12 Longanl 

c 0.4583 12 Coffee2 

· .. . 
Level of 

Sour 
-~~--~..,..,...:..,-----~· --

Product N Mean Std Dev 

Coffee2 12 0.45833333 0.45016832 

Forestl 12 1.12500000 0.60771554 

Longanl 12 0.83333333 0.49236596 

Lychee? 12 1.00000000 0.30151134 

Macadamia 12 0.95833333 0.49810246 

Stingless 12 3.33333333 0.38924947 
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Bitterness 

I 

Type Ill SS Source DJ? Mean Square FValue Pr>F 
·· .. 

Product. 5 25.65277778 5.13055556 12.13 <.0001 

.Panelist 5 5.90277778 1.18055556 2.79 0.0248 
· ... 

Rep· I 0.88888889 0.88888889 2.10 0.1523 

.. 

l\.fe~ns wJtb the same letter are not significantly 
different. · .. ·. 

Dunca_. Grouping Mean N Product 

A 1.7917 12 Lychee2 

A 

A 1.5000 12 Forest I 

B 0.7917 12 Macadamia 

B 

c B 0.4167 12 Longan I 

c B 

c B 0.3750 12 Coffee2 

c 
c 0.2083 12 Stingless 

Level.of Bitter 
·· . 

.. 

Product N Mean Std Dev 

Coffee2 12 0.37500000 0.22613351 
.. 

Forestl 12 1.50000000 1.02247472 
--

Longanl 12 0.41666667 0.28867513 

Lychee2 12 1.79166667 1.13734806 

Macadamia 12 0.79166667 0.58225008 

Stingless 12 0.20833333 0.33427896 
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Saltiness 

Source DF TypeIIISS Mean Square FValue Pr>F 

Product 5 0.14236111 0.02847222 I. I 0 0.3709 
· .. · 

Panelist 5 1.10069444 0.22013889 8.49 <.0001 

Rep I 0.03125000 0.03125000 1.21 0.2766 

Means with the same letter are not significantly 
different. 

.• 

Duncan Gro'1ping .... Mean N Product 

A 0.16667 12 Coffee2 

A 

A 0.08333 12 Stingless 

A 

A 0.08333 12 Macadamia 

A 
! 

A 0.04167 12 Lychee2 

A 
----~----·---

A 0.04167 12 Longanl 

A 

A 0.04167 12 Forest! 

Level of Salty· 

Product Mean Std Dev 
. 

Coffee2 0.16666667 0.32566947 

Forestl 0.04166667 0.14433757 

Longanl 0.04166667 0.14433757 

Ly ch eel 0.04166667 0.14433757 

Macadamia 0.08333333 0.19462474 

Stingless 0.08333333 0.19462474 
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Session 31: Plastic, worcester sauce, dried fruit and soy sauce flavors 

Plastic flavor 

. 
Source DF Type ID SS Mean Square FValue Pr>F . 

Product 5 I 52.9303571 30.5860714 22.61 <.0001 

Panelist 5 I 7.0694444 3.4138889 2.52 0.0387 

Rep I 0.0041667 0.0041667 0.00 0.9559 

Means with the salDe letter are not signifif.!antly. 
.. differen~·. .· .· ·.• . ! .. 

J)u~can (_jrouping Mean N · Produ~t· 
.·. 

A 5.9583 12 Lychee2 

B 2.7917 12 Coffee I 

B 

c B 2.2083 12 Sesame2 

c B 

c B 2.0833 12 Cerana 

c B 

c B 1.9167 12 Longan I 

c 
c 1.7083 12 Stingless 

Level of 
Plastic 

Product N Mean Std.Dev 
.. 

Cerana 12 2.08333333 0.82112266 

Co ff eel 12 2.79166667 0.89082019 

Longanl 12 I .91666667 1.14481704 

Lychee2 12 5.95833333 I .69837266 

Sesame2 12 2.20833333 0.72168784 

Stingless 12 I .70833333 1.65774125 
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Worcester sauce flavor 

Source DF Type Ill SS Mean Square FVaJue Pr>F 
. 

Prod.net 5 38.78452381 7.75690476 13.95 <.0001 
· ... . 

. Panelist 5 5.32291667 1.06458333 1.91 0.1052 

Rep I 1.50416667 1.50416667 2.71 0.1052 

Means with the same letter are not significantly 
different. · ·· 

·. 
. .. 

l)un4!an Grouping Mean N Product 

A 5.0417 12 Stingless 

--- .. 

B 4.0417 12 Coffee I 

B 

c B 3.5833 12 Lychee2 

c 
c D 3.2083 12 Cerana 

D 

D 2.9167 12 Sesame2 

D 

D 2.8333 12 Longan I 

·. 

Level of 
Worcester Sauce 

.·. 
·. 

Product Mean Std Dev 

Ce ran a 3.20833333 0.72168784 

Co ff eel 4.04166667 0.62005620 

Longanl 2.83333333 1.11464086 

Lycbee2 3.58333333 0.41742355 

Sesame2 2.91666667 0.87472940 

Stingless 5.04166667 0.75252102 
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Dried fruit flavor 

Source DF Typemss Mean Square FValue Pr>F 
... . .. 

Product 5 7.02559524 1.40511905 1.14 0.3482 

Panelist 5 10. 77777778 2.15555556 1.75 0.1366 

Rep 1 0.50416667 0.50416667 0.41 0.5245 

Means with the sameldterare not significantly 
different. 

Duneall Grouping Meall N Product 

A 4.4583 12 Coffeel 

A 

A 4.2917 12 Stingless 

A 

A 4.1667 12 Lychee2 

A 

A 3.7083 12 Longan! 

A 

A 3.6667 12 Cerana 
-··- -- """---·-

A 

A 3.6250 12 Sesame2 

.. . · . 

Level of D.ried fruit 

Product Mea_n 
.·· 

Std Dev 

Cerana 3.66666667 1.37068883 

Coffeel 4.45833333 0.62005620 

Longanl 3.70833333 1.58771324 

Lycbee2 4.16666667 1.02985730 

Sesame2 3.62500000 0.88227495 

Stingless 4.29166667 1.05439197 
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Soy sauce flavor 

Source DF Type ID SS Mean Square FValue Pr>F 
.· 

Product 5 9.58750000 1.91750000 2.63 0.0324 

Panelist 5 58.95833333 11. 79166667 16.17 <.0001 

Rep I 0.20416667 0.20416667 0.28 0.5987 

Means with the same letter are not significantly 
different. 

Duncan. Grouping I Mean N Product 

A 4.2917 12 Coffee I 

A 

B A 3.7500 12 Cerana 

B A 

B A 3.5833 12 Stingless 

B 

B 3.4583 12 Lychee2 

B 

B 3.2917 12 Sesame2 

B 

B 3.1250 12 Longan I 

Level of Soy sauce 

Product Mean Std Dev 

Cerana 3.75000000 1.03352882 

Coffeel 4.29166667 1.28732163 

Longanl 3.12500000 1.52442239 

Lyehee2 3.45833333 0.98761267 

Sesame2 3.29166667 1.38921713 
·~·-

Stingless 3.58333333 1.18385605 
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Session 37: Molasses, butterscotch, coffee and cotton candy flavors 

Molasses flavor 

Source DF Typemss Mean Square FValue Pr>F 

Pre)cluct 5 7.26736111 1.45347222 1.57 0.1836 

Panelist 5 8.35069444 1.67013889 1.80 0.1268 

Rep l 0.00347222 0.00347222 0.00 0.9514 

Mea.ns with the sam.e letter are not signific.antly 
different • .. . 

Duncan Groupi.ng ·. 
C• . .. 

Mean N Product 

A 5.2083 12 Coffee I 

A 
___ ,,_,. __ ····-· .. .... --···-····------

A 5.1250 12 Cerana 

A 

A 4.8750 12 Lychee2 

A 

A 4.7917 12 Stingless 

A 

A 4.4167 12 Sesame2 

A 

A 4.3750 12 Longan I 

Level of Molasses 

Produd N Mean Std Dev 

Cerana 12 5.12500000 0.95643752 

Coffeel 12 5.20833333 0.78213964 

Longanl 12 4.37500000 1.18944219 

Lychee2 I 12 4.87500000 0.52764485 

Sesame2 12 4.41666667 0.79296146 
~------~-·----·-·---·----·"--

Stingless I 12 4.79166667 1.40548169 
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Butterscotch flavor 

Source DF Type ID SS Mean Square FValue Pr>F 

Product 5 13.76736111 2.75347222 4.15 0.0027 

Panelist 5 4.10069444 0.82013889 1.23 0.3041 

Rep l 0.03125000 0.03125000 0.05 0.8290 

Means with the same letter are not significantly 
different. 
·.. . . 

Duncan Grouping Mean N Product 

A 5.2500 12 Coffeel 

A 
··- --------·--" 

B A 4.7083 12 Cerana 

B A 

B A 4.5833 12 Longanl 

B 

B c 4.3333 12 Sesame2 

B c 
B c 4.2500 12 Lychee2 

c 
c 3.8333 12 Stingless 

Level of Butterscotch 

Product N Mean Std Dev 

Cerana 12 4.70833333 0.75252102 

Coffeel 12 5.25000000 0.62158156 

Longanl 12 4.58333333 1.08362467 

Lycbee2 12 4.25000000 0.58387421 

Sesame2 12 4.33333333 0.68534442 

Stingless 12 3.83333333 1.02985730 
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Coffee flavor 

Sm.tree DF Type JU SS Mean Square FValue Pr>F ... .. 
Product 5 11.62500000 2.32500000 5.59 0.0003 

Panelist 5 8.25000000 1.65000000 3.97 0.0036 

Rep l 0.05555556 0.05555556 0.13 0.7160 

Means with the same letter ar:e not significantly 
different. 

Duncan Grouping Mean N Prodllct 

A 2.5000 12 Longan} 

A 

A 2.2917 12 Lychee2 

A 

B A 2.0417 12 Coffee I 

B A 

B A 2.0000 12 Cerana 

B 

B c 1.6250 12 Sesame2 

c 
c 1.2917 12 Stingless 

·. 

Level of Coffee 
.· 

Product N Mean Std Dev 

Ce ran a 12 2.00000000 0.73854895 

Coffeel 12 2.04166667 0.75252102 

Longanl 12 2.50000000 0.79772404 

Lychee2 12 2.29166667 0.62005620 

Sesame2 12 1.62500000 0.64402851 

Stingless 12 1.29166667 0.68947718 
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Cotton candy flavor 

Source DF Typemss Mean Square FValue Pr>F 
' 

Product 5 9.86458333 1.97291667 4.80 0.0009 

Pauelist 5 18.28125000 3.65625000 8.90 <.0001 

Rep 1 0.17013889 0.17013889 0.41 0.5224 

Means with t:Jie same letter are not significantly .. 
differe11t. · 

. 
Duncan Grouping Mean N Product 

A 2.4583 12 Longan I 

A 
-·-f----~~·-·-

A 2.4167 12 Coffee I 

A 

A 2.2500 12 Sesame2 

A 

A 2.2083 12 Cerana 

A 

A 1.9167 12 Lychee2 

B 1.3750 12 Stingless 

. 

Level of 
Cotton candy 

Product N Mean Std Dev 
.. .. 

Cerana 12 2.20833333 0.86493125 

Coffeel 12 2.41666667 0.51492865 

Longanl 12 2.45833333 0.89082019 

Lyehee2 12 1.91666667 0.97312368 

Sesame2 12 2.25000000 0.83937206 
·--~ 

Stingless 12 1.37500000 0.67840053 
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Session 41: Jasmine, fruit, perfume , floral, wood flavors 

Jasmine flavor 

.· 
Source DF Type ID SS Mean Square FValue Pr>F 

... 

Product 5 99.14236111 19.82847222 37.07 <.0001 

Panelist 5 29.80902778 5.96180556 11.14 <.0001 

Rep 1 1.53125000 1.53125000 2.86 0.0959 

.. 

Means with the sa]lleJetter are not significa;ntly 
different. ·. •· .. 

.. . · . . · . . 

'Duncan Grouping ··'. Me all. N f'ro~uct · .. 

A 4.5833 12 Longan I 

B 3.1250 12 Sesame2 

c 1.8750 12 Cerana 

c 
c 1.5833 12 Lychee2 

c 
c 1.5417 12 Coffee I 

c 
c 1.2500 12 Stingless 

Level of Jasmine 

Product N Mean Std Dev 

Cerana 12 1.87500000 1.02524942 

Coffeet 12 1.54166667 0.68947718 
. 

Longant 12 4.58333333 1.29392520 

Lychee2 12 1.58333333 0.70172947 

Sesame2 12 3.12500000 1.35050496 

Stingless 12 1.25000000 0.50000000 
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Fruit flavor 

Source DF Typemss Mean Square FValue Pr>F 

Product 5 15.89236111 3.17847222 5.43 0.0003 

Panelist· 5 1.80902778 0.36180556 0.62 0.6865 

Rep 1 0.17013889 0.17013889 0.29 0.5918 

.. 

Means with tile same letter are not significantly 
different . . . · . . 

Duncan Gr()uping Mean N Product 

A 3.2917 12 Stingless 

B 2.5000 12 Cerana 

B 

B 2.4583 12 Coffee] 

B 

B 2.0417 12 Longan I 

B 
--

B 2.0000 12 Sesame2 

B 

B 1.9167 12 Lychee2 

Level of Fruit 

Product N Mean Std Dev . 
Cerana 12 2.50000000 0.52223297 

Coffeel 12 2.45833333 0.54181233 

Longanl 12 2.04166667 0.89082019 

Lychee2 12 1.91666667 0.66855792 

Sesame2 12 2.00000000 0.85280287 

Stingless 12 3.29166667 0.91597770 
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Perfume flavor 

Source DF TypeIIISS Mean Square FValue Pr>F 

Product 5 1.11111111 0.22222222 0.85 0.5182 

Panelist 5 14.40277778 2.88055556 I I .05 <.0001 
. 

Rep I 0.12500000 0.12500000 0.48 0.4913 

Means with the same letter are not significantly 
different. 

·. 

Duncan Grouping Mean N Product 

A 1.6250 12 Longan I 

A 

A 1.5833 12 Coffee I 

A 

A 1.4583 12 Stingless 

A 

A 1.3750 12 Sesame2 

A 

A 1.3333 12 Lychee2 

A 

A 1.2917 12 Cerana. 

Level of 
Perfume 

Product 
•, 

N Mean Std Dev 

Cerana 12 1.29166667 0.49810246 

Coffeel 12 I .58333333 0.76376262 

Longan! 12 1.62500000 0.93237234 

Lychee2 12 1.33333333 0.57735027 

Sesame2 12 I .37500000 0.64402851 

Stingless 12 1.45833333 0.54181233 
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Flora flavor 

Source DF Typemss Mean Square FValue Pr>F 
.· 

Product 5 11.02777778 2.20555556 4.12 0.0028 

Panelist 5 15 .69444444 3.13888889 5.87 0.0002 

Rep 1 0.00000000 0.00000000 0.00 1.0000 

Means with the same letter are 11ot significantly 
different. . 

Duncan Grouping Me3:n N Product 
. 

A 2.9583 12 Longanl 

A 

B A 2.4167 12 Lychee2 

B A 

B A 2.4167 12 Cerana 

B A 

B A 2.4167 12 Sesame2 

B 
--

B 2.2500 12 Coffee] 

c 1.6250 12 Stingless 

Level of 
Floral 

Product N Mean Std Dev 
; 

Cerana 12 2.41666667 0.87472940 

Coffeel 12 2.25000000 0.83937206 

Longanl 12 2.95833333 1.21465171 

Lychee2 12 2.41666667 0.70172947 

Sesame2 12 2.41666667 0.76376262 

Stingless 12 1.62500000 0.56909018 
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Wood flavor 

:'· - -~ '' 

Source · DF TypeIUSS M~nSquare FValue Pr>F 
'> 

Product 5 29.62500000 5.92500000 12.39 <.0001 
... • 

Panelist 5 5.62500000 1.12500000 2.35 0.0513 

Rep I 0.05555556 0.05555556 0.12 0.7344 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean N Product 

A 2.6667 12 Lychee2 

---·-·--"------~---~--

B 1.8750 12 Coffee I 

B 

c B 1.4167 12 Ce ran a 

c B 

c B 1.4167 12 Stingless 

c 
c D 0.8750 12 Sesame2 

D 

D 0.7500 12 Longan I 

Level of Wood 

Product N Mean Std Dev 

Cerana 12 1.41666667 0.59670814 

Coffeel 12 1.87500000 0.90766934 

Longanl 12 0.75000000 0.39886202 

Lychee2 12 2.66666667 1.07308674 

Sesame2 12 0.87500000 0.56909018 

Stingless 12 1.41666667 0.55732043 
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Session 47: Viscosity, and ferment, medicine herb iron flavors 

Viscosity 

Source DF Type III SS Mean Square FValoe Pr>F 
.. 

Product 5 77.89236111 15.57847222 22.57 <.0001 . 

Paneli$t 5 4.18402778 0.83680556 1.21 0.3145 

Rep. 1 3.33680556 3.33680556 4.83 0.0318 

Means with the same letter are not significantly 
different~ 

Duncan Grouping Mean N Pr9duct 

A 11.7500 12 Coffeel 

A 

B A 11.4583 12 Lychee2 

B A 

B A 11.4167 12 Cerana 

B 

B 10.9583 12 Longanl 
--

c 9.7500 12 Sesame2 

D 8.8750 12 Stingless 

Level of 
Viscosity 

Product N Mean Std Dev 

Cerana 12 11.4166667 0.70172947 
-----·- ·----

Coffeel 12 11.7500000 1.05528971 

Longanl 12 10.9583333 0.89082019 

Lychee2 12 11.4583333 0.65568609 

Sesame2 12 9.7500000 0.72299881 

Stingless 12 8.8750000 1.04718237 
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Ferment flavor 

. 
Sou~e DF Type ill SS Mean Square FValne Pr>F 

Prpduct 5 19 .44444444 3.88888889 6.59 <.0001 

Panelist 5 12.61111111 2.52222222 4.27 0.0022 
· .. 

Rep 1 0.01388889 0.01388889 0.02 0.8786 

Means with the same letter are not significantly 
differe.flt. 

Duncan Gl'oupiD.g 
· .. Mean N Product 

A 2.5833 12 Coffee! 

A 

A 2.5833 12 Stingless 

A 

B A 2.1667 12 Cerana 

B 

B c 1.7500 12 Sesame2 

B c 
B c 1.7083 12 Lychee2 

r 
c 
c 1.1250 12 Longan! 

Level of Ferment 
-· 

Product N Mean Std Dev 

Cerana 12 2.16666667 1.07308674 

Co ff eel 12 2.58333333 1.10439892 

Longanl 12 1.12500000 0.48265365 
··--·· 

Lychee2 12 1.70833333 0.45016832 

Sesame2 12 1.75000000 0.62158156 

Stingless 12 2.58333333 1.08362467 
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Medicine flavor 

Source DF Typemss Mean Square FValue Pr>F 

Product 5 35.78125000 7.15625000 8.63 <.0001 .. 
·. 

Panelist 5 5.36458333 1.07291667 1.29 0.2784 

Rep I 0.08680556 0.08680556 0.10 0.7474 . 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean N Product 
.·· 

A 3.1667 12 Lychee2 

B 2.0417 12 Coffee I 

B 

c B 1.7500 12 Cerana 

c B 

c B 1.3750 12 Sesame2 

c B 

c B 1.2500 12 Longan I 
·--···--·-

,__ ___ 
~· 

c 
c 1.0417 12 Stingless 

Medicine 
Level of ··.-

Product N Mean Std Dev 

Cerana 12 1.75000000 0.45226702 
.. 

Coffeel 12 2.04166667 0.86493125 

Longanl 12 1.25000000 0.39886202 
····-

Lychee2 12 3.16666667 1.88695683 

Sesame2 12 1.37500000 0.48265365 

Stingless 12 1.04166667 0.33427896 
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Herb flavor 

Source DF Type ID SS Mean Square FValue Pr>F 
.·· 

Product 5 1.56944444 0.31388889 1.22 0.3087 
.. 

Panelist 5 5.15277778 1.03055556 4.02 0.0033 
·. 

Rep 1 0.01388889 0.01388889 0.05 0.8167 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean 
I 

N Product 
. • · . 

A 1.6667 12 Stingless 

A 

A 1.4167 12 Cerana 

A 

A 1.4167 12 Coffee I 

A 

A 1.3750 12 Sesame2 

A 

A 1.2500 12 Lychee2 

A 

A 1.2083 12 Longan I 

· .. Herb 
.. 

Level of 
Product N Mean Std Dev 

Cerana 12 1.41666667 0.41742355 

Coffeel 12 1.41666667 0.51492865 

Longanl 12 1.20833333 0.45016832 

Lychee2 12 1.25000000 0.33709993 

Sesame2 12 1.37500000 0.56909018 

Stingless 12 1.66666667 0.88762536 
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Iron flavor 

Source ·. DF Typemss Mean Square FValue Pr>F 
:. · ... : 

Product 5 0.86111111 0.17222222 1.26 0.2935 

Panelist 5 1.52777778 0.30555556 2.23 0.0624 

Rep I 0.22222222 0.22222222 1.62 0.2074 

1\feans with the same.letter l)re not significantly 
different . .. 

Duncan· Gr9uping Mea,n N Product 

A 1.0417 12 Coffee I 

A 

A 1.0417 12 Lychee2 

A 

A 0.9167 12 Sesame2 

A 

A 0.8333 12 Cerana 

A 

A 0.8333 12 Stingless 

A 
A 0.7500 12 Longan I 

Level of 
Iron 

·. 

Product N Mean Std Dev 

Ce ran a 12 0.83333333 0.24618298 

Coffeel 12 1.04166667 0.49810246 

Longan1 12 0.75000000 0.26111648 

Lychee2 12 1.04166667 0.62005620 

Sesame2 12 0.91666667 0.28867513 

Stingless 12 0.83333333 0.24618298 
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6. Sensory profiles of Thai honey by semi-trained descriptive assessors 

Viscosity 

Source DF Type DISS Mean Square FValue Pr>F 

Pan.el 5 20.8374486 4.1674897 7.29 <.0001 
.·. 

Replication 2 0.2664609 0.1332305 0.23 0.7921 

Product 26 707.9053498 27.2271288 47.65 <.0001 

l\{eJ\liS with the same Jetter are not significantly 
different. 

.· 
Duncan.Grouping Mean N Product 

A 12.3056 18 Coffee2 

A 

A 12.1944 18 Sunflower I 

A 

A 12.1111 18 West 
--·------·~--

A 

A 12.0833 18 Longan2 

A 

A 11.8889 18 North 

B 11.3611 18 G3H7 

B 

c B 11.1944 18 East 
... 

c B 

c B D 10.9722 18 G4H6 

c B D 

c B D 10.9444 18 Macadamia 

c B D 

c E B D 10.8333 18 Longan! 

c E B D 

c E B D 10.8333 18 Center 

c E B D 
- -·--
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Means with the same letter are not signifi~ntly 
different. 

· .. 

D11ncan Grouping Me.Rn N Product 

c E B D 10.8056 18 Lychee2 
--

c E D 

c E D 10.7500 18 Coffee I 

c E D 

c E F D 10.6944 18 Lychee I 

E F D 

E F D 10.6111 18 Wildl 

E F D 

E F D 10.5278 18 Chitralada 

E F D 
··-· ·--

E F D 10.5000 18 NorthEast 

E F D 

E F D 10.4722 18 Forest2 

E F 

E F 10.2500 18 Wild2 

F 

F 10.1389 18 Cerana 

-·-·--1----------· 

G 9.5833 18 Sesame I 

G 

G 9.4722 18 Sunflower2 

G 

G 9.4444 18 Sesame2 

H 8.6667 18 Florea 

H 

I H 8.5000 18 Stingless 

I 

I J 8.0556 18 South 

J 

J 7.7500 18 Forest I 
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Level of Viscosity 

Produ,ct N Mean Std Dev 
'" " 

C~nter 18 10.8333333 0.64168895 
·. 

Cera,Jla· .. • 18 10.1388889 0.63721719 
. 

Cbitralada 18 10.5277778 0.62947743 . · . 

Coffeet 18 10.7500000 0.94324222 

Coffee2 18 12.3055556 0.82495791 .. 

East 18 1 I .1944444 0.59751665 
I 
... 

FJ.,J'.e~ 
· ... 18 8.6666667 0.68599434 

.. ·.·· .. ··I. ·.·. . 
Forestl 18 7.7500000 0.84453259 .. · I 

forest2 18 10.4722222 0.83087874 

····· · .. G3H7 18 11.3611111 0.65989205 
I 

G4Ho. 18 10.9722222 0.52782078 

Longanl 18 10.8333333 0.85749293 

Lo~g~pl 18 12.0833333 0.91152748 

Ly ch eel 18 10.6944444 0.85987155 
·. . 

Ly~hee2 I 8 10.8055556 0.59751665 . 

Macadamia •. 18 10.9444444 0.48169092 

North 18 11.8888889 0.84983659 
.• 

NorthEast 18 10.5000000 0.48507125 

Sesa1Del 18 9.5833333 0.80895721 
.. ·.· 

Sesame2 18 9.4444444 0.92177720 
.. 

South• 18 8.0555556 1.05564155 

Stingless 18 8.5000000 0.72760688 

Sunflower! 18 12.1944444 1.08653373 

Sunflower2 18 9.4722222 0.79469236 

West 18 12.1111111 0.83235236 
- -·-·-·~ -·-----···-·---·---·-........--·--·------

Wildt 18 10.6111111 0.58298309 

Wild2 I 8 10.2500000 0.92752041 
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Sweetness 

Source DF Type III SS Mean Square FValue Pr>F 
.·· 

Panel 5 39.97942387 7.99588477 23.87 <.0001 

Replication 2 0.51337449 0.25668724 0.77 0.4654 

Product 26 29.28497942 1.12634536 3.36 <.0001 

.· 
Means with the same letU,r are not significantly 

different . 
. ·. 

Duncttn Grouping Mean N Product 

A 8.1944 18 Forest2 

A 

B A 8.0000 18 Center 
-· -----···-··---·~··-

B A 

B A c 7.9722 18 Sunflower2 
·-

B A c 
B A c 7.9722 18 Chitralada 

B A c 
B D A c 7.9167 18 Longan] 

B D A c 
E B D A c 7.8611 18 Coffee2 

E B D A c 
E B D A c 7.8333 18 Sesame2 

E B D A c 
E B D A c 7.8333 18 Forestl 

E B D A c 
E B D A c 7.8333 18 Sesame] 

E B D A c 
-- -·~· ----~-~~· ---- -·-··----~--

E B D A c 7.8056 18 Coffee] 

E B D A c 
E B D A c 7.8056 18 Lychee2 

E B D A c 
E B D A c 7.8056 18 Wild2 
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. 
Means with the sa111e lett~r are not significantly 

different. 
.. 

Dunc~m Grouping Mean N Product 

E B D A c 
E B D A c 7.7778 18 NorthEast 

E B D A c 
E B D A c 7.7500 18 Wildl 

E B D c 
E B D F c 7.6944 18 South 

E B D F c 
E B D F c G 7.6389 18 Lychee} 

E B D F c G 

E B D F c G 7.6111 18 Cerana 

E B D F c G 

E B D F c G 7.5833 18 Macadamia 

E D F c G 

E D F c G 7.5278 18 East 

E D F G 

E D F G 7.5000 18 Longan2 

E D F G 

E D F G 7.5000 18 G3H7 

E D F G 

E D F G 7.4722 18 G4H6 

E F G 

E F G 7.4167 18 Florea 

E F G 

E F G 7.4167 18 Stingless 

F G 

F G 7.2778 18 West 

F G 

F G 7.2500 18 North 

G 

G 7.1944 18 Sunflowerl 

175 



Level.of Sweetness 

Product N Mean Std Dev .· ... 
Center 18 8.00000000 0.66421116 

.. 
Ce ran a 18 7.61111111 0.53013748 

Chitralad,a 18 7.97222222 0.65242133 

C~f(eei . 18 7.80555556 0.82495791 

Coff~eJ. 18 7.86111111 0.41322105 

East 18 7.52777778 0.65242133 
.. . 

Florea 18 7.41666667 0.73264228 

Forestt 18 7.83333333 0.54232614 
--. 

Forest2 18 8.19444444 0.64486407 
' ' '-. 

G~ll7 18 7.50000000 0.90748521 .. . 
64116 

.· 
18 7.47222222 0.81298691 

Longanl 18 7.91666667 0.49259218 

L'Ongan2 18 7.50000000 0.54232614 

Lycheel 18 7.63888889 0.81899428 
. 

Lycbee2 18 7.80555556 0.68896531 

Macadamia 18 7.58333333 0.69133290 

North 18 7.25000000 0.52159258 

North East 18 7.77777778 0.57451315 .• 
·. 

Sesamel 18 7.83333333 0.54232614 

Sesame2 18 7.83333333 0.64168895 . 

South 18 7.69444444 0.42491829 

Stingless 18 7.41666667 0.57522374 

Suntlowerl 18 7.19444444 0.76962345 

Sunflower2 18 7.97222222 0.62947743 

West 18 7.27777778 0.77121413 

Wildl 18 7.75000000 0.52159258 

Wild2 18 7.80555556 0.54607931 
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Sourness 

Source DF Type ill SS Mean Square FValue Pr>F. 

Panf;'I 5 29.19753086 5.83950617 40. l l <.0001 

Repli~ation 2 0.13271605 0.06635802 0.46 0.6342 

Prod\lct 26 93.73148148 3.60505698 24.76 <.0001 

Means with the same letter are not significantly 
different. 

·. 

Duncan Grouping Mean N Product 

A 2.8333 18 Stingless 

B 1.2500 18 Sunflower2 

B 

B 1.2500 18 Cerana 

B 

c B 1.1389 18 Florea 

c B 

c B 1.1389 18 Coffeel 

c B 

c B D 1.0556 18 Sesamel 

c B D 
··-~·---·-

c B D 1.0556 18 Forestl 

c B D 

c B D 1.0000 18 Lychee2 

c B D 

c B D 0.9722 18 South 

c D 

c D 0.9167 18 Wildl 

c D 

c D 0.9167 18 Lycheel 

c D 

c D 0.9167 18 Macadamia 
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Meal)s with t~e sameletl;er are not sig11ificantly 
·. different. .. 

Duncan Groupi11g Mean N ·Product 

c D 

c D 0.9167 18 NorthEast 

c D 

c E D 0.8611 18 Forest2 

c E D 

c E D 0.8611 18 Wild2 

E D 

E D 0.8333 18 Center 
·--~~--

E D 

E D 0.8333 18 Sesame2 

E D 

F E D 0.8056 18 Longan I 

F E D 

F G E D 0.7778 18 Chitralada 

F G E D 

H F G E D 0.7500 18 West 

H F G E D 

H F G E D 0.7500 18 East 

H F G E 

H F G E I 0.5833 18 Sunflower I 

H F G I 

H F G I 0.5278 18 Longan2 
·-

H G I 

H G I 0.5000 18 Coffee2 

H G I 

H G I 0.5000 18 North 

H I 

H I 0.4722 18 G4H6 

I 

I 0.4167 18 G3H7 
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J:,.~verot 
Sourness 

.. 

Pr()duct N Mean Std Dev 

Center 18 0.83333333 0.42008403 

<)~rana 18 1.25000000 0.39295262 . 
. :·: ... · :. . 

Cb.itratada 18 0.77777778 0.42779263 
. 

Cot'fee1 18 1.13888889 0.61370513 

C:()ffee2 18 0.50000000 0.34299717 

East I 18 0.75000000 0.39295262 

\i'l~l'ea~> .. ·· 18 1.13888889 0.50890758 

FQrestr 
.. 

18 1.05555556 0.45012707 . . .. 
Forest2· 18 0.86111111 0.41322105 

G3H7 18 0.41666667 0.42874646 
. 

G41J6 18 0.47222222 0.43630205 

J,,onganl 18 0.80555556 0.42491829 
. 

Lon,gan2· 18 0.52777778 0.36267885 
.. 

Lycheel 18 0.91666667 0.42874646 

Lychee2 18 1.00000000 0.42008403 
.. 

M:;itadantia 18 0.91666667 0.39295262 

North 18 0.50000000 0.38348249 

NorthEast 18 0.91666667 0.60024505 

Sesamel 18 1.05555556 0.51130999 
.· 

Sesame2 18 0.83333333 0.42008403 

South 18 0.97222222 0.46879766 

Stingless 18 2.83333333 0.74754500 

Sunflowerl 18 0.58333333 0.35355339 

Sunflower2 18 1.25000000 0.46177407 

West 18 0.75000000 0.42874646 

Wildt 18 0.91666667 0.42874646 

Wild2 18 0.86111111 0.41322105 
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Bitterness 

Source DF Typemss Mean Square FValue Pr>F 
.· 

Panel 5 39.17901235 7.83580247 45.45 <.0001 

Replication 2 0.09567901 0.04783951 0.28 0.7578 

Product 26 70.80555556 2.72329060 15.80 <.0001 

Means with the same Jetter are nQt signjfJcantly 
... · .. different . 

l)uncan Grouping Mean N Product 

A 1.6667 18 Lychee2 

A 

A 1.6111 18 Lycheel 

A 

A 1.4722 18 Forest I 

A 

A 1.4722 18 Macadamia 
---

B 1.1389 18 South 

B 

c B 1.0556 18 Chitralada 

c B 

c B 1.0278 18 Cerana 

c B 

c B D 0.9722 18 NorthEast 
---· --

c B D 

c E B D 0.9444 18 Forest2 

c E B D 

c E B D 0.9444 18 Florea 

c E B D 

c E B D 0.9444 18 Coffee! 

c E B D 

F c E B D 0.9167 18 Sesamel 

F c E D 
-----
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·. 

Means With the s~Uie letter are not significantly 
different. .. 

: ·.··· . : : ·: 
Mean N Product l,>Ju1can .Grouping 

.. .. 

F c E G D 0.8056 18 West 
--... """ ------··· 

F c E G D 

F c E G D 0.7778 18 Longan I 

F c E G D 

F c E G D 0.7778 18 Center 

F E G D 

F H E G D 0.6944 18 East 

F H E G D 

F H E G D I 0.6667 18 Wild2 

F H E G I 
-·--· --· -------·-.. ·---

F H E G J I 0.6389 18 Sunflower2 

F H G J I 

F H K G J I 0.6111 18 Wildl 

F H K G J I 

F H K G J I 0.6111 18 Sesame2 

H K G J I 

H K G J I 0.5000 18 Coffee2 

H K J I 

H K J I 0.4167 18 Sunflower] 

H K J I 

H K J I 0.4167 18 Stingless 

H K J I 

H K J I 0.4167 18 G3H7 

K J I 

K J I 0.3611 18 Longan2 

K J 

K J 0.3333 18 G4H6 

K 

K 0.3056 18 North 
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LeveJof Bitterness 

Product· N Mean Std Dev 
.. 

Center 18 0.77777778 0.46088860 .. 
Cerana.· .. 18 1.02777778 0.46879766 
'' ' ' ~ ' ' " ' ', . ,' : 

Cbitralada 18 1.05555556 0.61569876 

Coffeel 18 0.94444444 0.48169092 

Coffee2 18 0.50000000 0.61834694 . 

East 18 0.69444444 0.42491829 
· .. ··. .· . 

. . 
Fle>t~a· .. · 18 0.94444444 0.56591646 ......... · .. ·.·: 
For~tl · 18 1.47222222 0.43630205 

Forest2 18 0.94444444 0.51130999 
· ... 

G3H7 18 0.41666667 0.49259218 
-~~- ~·· .. 

G4H6 18 0.33333333 0.45374261 

Longanl 18 0.77777778 0.52080882 
··~ ~-"-·--~--

Long;tn2 18 0.36111111 0.33455658 . 

Lychee~ 18 1.61111111 0.69780234 
.. . 

Lychee2 18 1.66666667 0.59408853 

Macadamia 18 1.47222222 0.55498337 .. 
... . 

North 18 0.30555556 0.34890117 .. 
NorthEast 18 0.97222222 0.46879766 

Sesamel 18 0.91666667 0.57522374 

Sesame2 18 0.61111111 0.47140452 

South 18 1.13888889 0.70305124 

Stingless 18 0.41666667 0.54906337 

Sunftowerl 18 0.41666667 0.35355339 

Sunflower2 18 0.63888889 0.33455658 

West 18 0.80555556 0.54607931 

Wildt 18 0.61111111 0.32338083 

Wild2 18 0.66666667 0.45374261 
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Saltiness 

Source DF Type III SS l\fean Sf:luare FValue Pr>F 

Panel 5 40.31738683 8.06347737 118.03 <.0001 
.. 

Replication 2 0.09362140 0.04681070 0.69 0.5045 

Product 26 2.08127572 0.08004907 1.17 0.2572 

·. 

Means with the safclle Jetter are not significantly· 
different . 

Duncan Grouping •· Mean N Product 

A 0.36111 18 Center 

A 

A 0.36111 18 Forest] 

A 

B A 0.33333 18 Stingless 

B A 

B A 0.33333 18 Coffee] 

B A 

B A 0.33333 18 Sunflower2 

B A 

B A c 0.30556 18 Sesame] 

B A c 
B A c 0.30556 18 Cerana 

B A c 
B A c 0.27778 18 Forest2 

B A c 
B A c 0.27778 18 Wild2 

B A c 
B A c 0.27778 18 G3H7 

B A c 
B A c 0.27778 18 Lychee I 

B A c 
B A c 0.25000 18 Florea 

B A c 
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·. 

Means with the S3me letter are. not signifi~antly 
different. 

Duncan Grouping 
.. 

Mean N Product 

B A c 0.25000 18 Sesame2 

B A c 
B A c 0.25000 18 NorthEast 

B A c 
B A c 0.22222 18 South 

B A c 
B A c 0.22222 18 Longan2 

B A c 
B A c 0.22222 18 Lychee2 

B A c 
-----~ 

B A c 0.22222 18 Sunflowerl 

B A c 
B A c 0.22222 18 Longanl 

B A c 
B A c 0.22222 18 Wildl 

B A c 
B A c 0.22222 18 Macadamia 

B A c 
--

B A c 0.19444 18 Chitralada 

B A c 
B A c 0.16667 18 West 

B A c 
B A c 0.16667 18 Coffee2 

B A c 
B A c 0.16667 18 East 

B c 
B c 0.13889 18 North 

c 
c 0.11111 18 G4H6 
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Level of Saltiness 
.· 

Product N Mea:n Std Dev 

Center 18 0.36111111 0.44739624 

C¢1'a,n;i 18 0.30555556 0.38877216 

Chitra:Iada 18 0.19444444 0.30384249 

Co ff eel 18 0.33333333 0.48507125 
... · 

Coffee2 18 0.16666667 0.29704426 
.• 

Ea,$t 18 0.16666667 0.38348249 
.·· 

Florea 18 0.25000000 0.39295262 
.. 

Forestl 18 0.36111111 0.47914002 

Forest2 18 0.27777778 0.42779263 . 
G3Il7 18 0.27777778 0.49176220 

·· .. · 

G4H6 18 0.11111111 0.27415944 
•·. .· .· 

Lo1lgan1 18 0.22222222 0.35239609 
. .· 

Longan2 18 0.22222222 0.52080882 

Lycheel 18 0.27777778 0.35239609 

Lycb~2 18 0.22222222 0.35239609 
·. 

Macada,mia. 18 0.22222222 0.30784938 

North 18 0.13888889 0.33455658 
. 

NortbEast 18 0.25000000 0.39295262 . 
. .. 

Sesamet··· 18 0.30555556 0.45822191 ..... .· 
--~·· .. ·. 

SesaD1e2 18 0.25000000 0.42874646 
.·. 

South 18 0.22222222 0.35239609 

Stingless 18 0.33333333 0.38348249 

Suntlowerl 18 0.22222222 0.39191169 
··. 

Sulltlower2 18 0.33333333 0.42008403 

West 18 0.16666667 0.34299717 

Wildt 18 0.22222222 0.35239609 

Wild2 18 0.27777778 0.39191169 
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Perfume flavor 

Source DF TypeIUSS Mean Square FValue Pr>F 

Panel 5 133.4485597 26.6897119 109.82 <.0001 . 
Replication 2 0.1769547 0.0884774 0.36 0.6950 

Product 26 16.2849794 0.6263454 2.58 <.0001 

Means with tile sameletter are not significantly 
different. 

.. 
Duncan .Grouping •. Mean N Product 

A 1.7778 18 South 

A 

B A 1.7222 18 Stingless 

B A 

B A 1.7222 18 Chitralada 

B A 
·- ---· 

B A 1.7222 18 Macadamia 

B A 

B A c 1.6389 18 Forestl 

B A c 
B D A c 1.5833 18 Forest2 

B D A c 
B D A c 1.5833 18 Wild2 

B D A c 
B D A c 1.5833 18 Sunflower2 

B D A c 
E B D A c 1.5556 18 Florea 

E B D A c 
E B D A c 1.5556 18 Coffeel 

·--· 

E B D A c 
E B D A c 1.5556 18 Longanl 

E B D A c 
~ 

_ ... --

E B D A c F 1.5000 18 Center 
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Means with the same letter are not significantly 
different. 

' . · . .. 
. l)uncan Grouping Mean N Product 

.. 

E B D A c F 

E B D A G c F 1.4722 18 Sesame] 

E B D A G c F 

E B D A G c F 1.4722 18 Lychee] 

E B D A G c F 

E B D A G c F 1.4444 18 Lychee2 

E B D A G c F 

E B D A G c F 1.4167 18 Cerana 

E B D A G c F 

E B D A G c F 1.4167 18 Wildl 

E B D A G c F 

E B D A G c F 1.4167 18 NorthEast 

E B D A G c F 

E B D A G c F 1.4167 18 East 

E B D A G c F 

E B D A G c F 1.3889 18 West 

E B D G c F 

E B D G c F 1.3333 18 Coffee2 

E B D G c F 

E B D G c F 1.3333 18 Sesame2 

E D G c F 

E D G c F 1.2500 18 Sunflower] 

E D G F 

E D G F 1.1944 18 Longan2 

E G F 

E G F 1.1667 18 G3H7 

G F 

G F 1.1389 18 North 

G 

G 1.0833 18 G4H6 
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.· 

Level of Perfume 
.·• 

Product N Mean Std J:)ev 

Center 18 1.50000000 0.72760688 

Cera mt 18 1.41666667 0.66972338 

Cbltralftda 18 1.72222222 0.64676167 .. .. 

Co ff ed. 18 1.55555556 0.63913749 

Coffee2 18 1.33333333 0.66421116 
.· . 

East 18 1.41666667 0.64739296 
.. ·. 

Florea··· 18 1.55555556 0.59133172 ... 
F<>testl 18 1.63888889 0.88791818 

.. 

Forest2 18 1.58333333 0.80895721 
.· 

G3H7 18 1.16666667 0.82247832 

G4~6. 18 1.08333333 0.73264228 
- . ......•• 

Longanl 18 1.55555556 0.74535599 

Lfj.-ga~~ .:• ·.·• 
18 1.19444444 0.75027228 

·:.. .·' "'· ':>-,,::c··,. 

Lycllee:J.····· 18 1.47222222 0.65242133 
, .. , .• 

Ly~lt~2 .. · 18 1.44444444 0.59133172 
: ... 

Macad;ijijia 18 1.72222222 0.79005253 
.. 

North 18 1.13888889 0.74371001 
. 

NorthEast 18 1.41666667 0.87866878 
. ·• 

Sesam~l 18 1.47222222 0.79469236 

Sesame2 18 1.33333333 0.56879646 

South 18 1.77777778 0.57451315 

Stingless 18 1.72222222 0.87820375 

Suntlowerl 18 1.25000000 0.69133290 

Sunflower2 18 1.58333333 0.75244699 

West 18 1.38888889 0.63142126 

Wildt 18 1.41666667 0.82693623 

Wild2 18 1.58333333 0.79056942 
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Fruit flavor 

Source DF TypeIIlSS Mean Square FValue Pr>F 
: : : : : ': 

"'''" : 

Pan~I 5 79.95679012 15.99135802 42.45 <.0001 

Replication 2 0.86111111 0.43055556 1.14 0.3198 
.. · . ... ;: .. : 

Product 26 93.28703704 3.58796296 9.52 <.0001 

Mean~ with th~. same letter are not significantly 
diff~rent. . 

: ·.: I• Mean· Product. Duncan Grouping N 
·,· . , ·' ' 

A 2.5278 18 Stingless 

A 

B A 2.1667 18 South 

B 

B c 2.0833 18 Florea 

B c 
B c D 2.0556 18 Wild2 

B c D 

B E c D 2.0278 18 Forest] 

B E c D 

B E c D 1.9444 18 Sesame! 

B E c D 

F B E c D 1.8333 18 Coffee] 

F B E c D 

F B E c D 1.8333 18 Sunflower2 

F B E c D 

F B E c D G 1.8056 18 Forest2 

F B E c D G 

F B E c D G 1.8056 18 NorthEast 

F B E c D G 

F B E c D G 1.8056 18 Lychee2 

F B E c D G 

F B E c D G 1.7222 18 Cerana 

F B E c D G 
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Means with the sa.me letter are not significantly 
different. 

.. 

Duncitb Groupb1g Mean N Product 

F B E c D G 1.7222 18 Center 
----- - ~-- -

F E c D G 

F H E c D G 1.6389 18 West 

F H E D G 

F H E D G 1.5833 18 Macadamia 

F H E G 

F H E G 1.5556 18 East 

F H G 

F H I G 1.4167 18 Chitralada 

F H I G 
- -~~- --"----~·-·· 

F H I G 1.4167 18 Lychee] 

F H I G 

F H I J G 1.3889 18 Wild I 

F H I J G 

F H K I J G 1.3611 18 Longan I 

H K I J G 

H K I J G 1.3333 18 Sunflower I 

H K I J 
---

L H K I J 1.1944 18 Sesame2 

L K I J 

L M K I J 1.0556 18 Longan2 

L M K J 

L M K J 0.9444 18 Coffee2 

L M K 

L M K 0.9167 18 North 

L M 

L M 0.8056 18 G3H7 
--

M 

M 0.7222 18 G4H6 
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Fr11it 
. 

Level of . . 

Product N Mean Std Dev 
·. 

Center 18 1.72222222 0.91107923 
' 

Cerana 18 1.72222222 0.92707989 
. · .. 

Chitralac1a 18 1.41666667 0.73264228 
· .. 

Coffeel 18 1.83333333 0.90748521 

Coffee2 18 0.94444444 0.61569876 
.. . . 

East 18 1.55555556 0.70479219 
i 

Florea 18 2.08333333 0.71228712 
... · 

R9t~~u.··· 18 2.02777778 0.89889184 
. 

foiestZ 18 1.80555556 0.78849986 
,,,, ,,',, 

G3H'7 18 0.80555556 0.45822191 
.. 

G4H6 18 0.72222222 0.46088860 
,>''': '\ 

tiri~g;ml 18 1.36111111 0.53702765 

ft~i-~~~· 18 1.05555556 0.76483156 
-~----" 

~)'~i~1 18 1.41666667 0.77174363 

:tycfteei· 18 1.80555556 0.66727913 
•. 

,:' ',' ,' 

M~~aclanlia 18 1.58333333 0.64739296 
.... ·. 

North 18 0.91666667 0.54906337 
.. 

North East 18 1.80555556 0.70998941 .. • 

.·•· 
Sesame.I 18 1.94444444 0.70479219 

el 18 1.19444444 0.70998941 
. 

South 18 2.16666667 0.61834694 

Stingless 18 2.52777778 1.23040192 

Sunflower! 18 1.33333333 0.70710678 

Sunflower2 18 1.83333333 0.72760688 

West 18 1.63888889 0.72366623 

Wildt 18 1.38888889 0.65429701 

Wild2 18 2.05555556 0.68360827 
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Flora flavor 

Source .· Dli' Type Ill SS Mean Square FValue Pr>F 

Panel 5 181.9840535 36.3968107 119.59 <.0001 . 
R.eplicatio-. 2 0.2170782 0.1085391 0.36 0.7002 

Pr9.-ucf .. 26 39.9732510 1.5374327 5.05 <.0001 

:l\f:eans.witb the sa:me letter are not significantly 
different . 

. · 
Duncan Grouping Mean N .Product .. . .. · .. . ·. 

A 2.2778 18 Sunflower I 

A 

B A 2.0278 18 Longan2 

B 

B c 1.8889 18 Lychee2 
. - f------· -

B c 
B c D 1.7778 18 West 

B c D 

B E c D 1.7500 18 NorthEast 

B E c D 

B E c D 1.7500 18 Chitralada 
-··------- ---·-

B E c D 

B E c D 1.7222 18 Longan I 

B E c D 

B E c D 1.7222 18 North 

B E c D 

F B E c D 1.6667 18 Coffee] 
---

F E c D 

F G E c D 1.5000 18 East 

F G E c D 

F G E c D 1.5000 18 Macadamia 

F G E c D 

F G E c D 1.4722 18 Cerana 

F G E c D 
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. 
Mea11s wi.th the same letter are not significantly 

different. 

D11ncan Grouping Mean N Product 
·. 

F G E c D 1.4722 18 Sesame2 

F G E D 

F G E D 1.4167 18 Stingless 

F G E D 

F G E D 1.3889 18 South 

F G E D 

F G E D 1.3611 18 Sesame! 

F G E D 

F G E D 1.3611 18 Center 

F G E 

F G E 1.3333 18 Sunflower2 

F G E 

F G E 1.3333 18 Florea 
~ 

F G E 

F G E 1.3056 18 Lychee! 

F G E 

F G E 1.3056 18 Wild2 

F G 

F G 1.2778 18 Wild! 

G 

G I.I 944 18 Forest2 

G 

G 1.1667 18 Forest! 

G 

G I.I 667 18 Coffee2 
!------- -

G 

G 1.1111 18 G3H7 

G 

G 1.1111 18 G4H6 
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Level of . Flora 

Product 
. 

Std Dev N Mean 

Center 18 1.36111111 0.83675767 
·.· 

Ce~a!ia· 18 1.47222222 0.89889184 

Cliitralada · ... 18 1.75000000 0.52159258 
·-------·- "--·--··-···-··--

Co ff eel 18 1.66666667 0.95486371 . 
Coft'ee2 18 1.16666667 0.66421116 

--------·---··---------- -·--

Ea$t .. 18 1.50000000 0.70710678 
·.· . 

Floi:ea ·. 18 1.33333333 0.56879646 

Forestl 18 1.16666667 0.70710678 

For.est2 18 1.19444444 0.75027228 

G3II7 18 1.11111111 0.77754432 
~- --~----·--·---··-----

G4H6 18 1.11111111 0.75839528 

Longanl. 18 1.72222222 0.75190390 ... 

Lo~gan2 18 2.02777778 1.16911508 
" -- - -

:.> . 
. l,,ye!h~el · · 18 1.30555556 0.76962345 

. 
Lycliee2 18 1.88888889 0.97852764 

·.·. -·-----·-··-··-· ·-··----·-··-·-··----~ . 
Ma~adamia 18 1.50000000 0.70710678 

. 

North 18 1.72222222 0.92707989 
. 

N<>rtbEast 18 1.75000000 0.82693623 
: . 

.· 
Sesame! 18 1.36111111 0.72366623 

·.· 
·. .·· 

Sesamd. 18 1.47222222 0.81298691 

South 18 1.38888889 0.47140452 

Stingless 18 1.41666667 0.89524890 

Sunflowerl · 18 2.27777778 1.40610248 

Sunflower2 18 1.33333333 0.72760688 

West 18 1.77777778 1.22741026 
--· 

Wildt 18 1.27777778 0.73208450 

Wild2 18 1.30555556 0.57237608 
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Jasmine flavor 

Soll.re~ DF TypeillSS M~nSquare FV~Jue Pr>F 

Panel. 5 68.5457819 13.7091564 20.25 <.0001 
.· 

R~plitafl()JI 2 0.1275720 0.0637860 0.09 0.9101 

Pt~dit~t 
· .. · 

26 323 .454 7325 12.4405666 18.38 <.0001 

Me~ms with the.sameletter are notsig~ificantly 
different. 

.. 
l>unc~n Grouping Mean N Product 

.· 

A 3.9722 18 Sunflower I 

A 

A 3.6667 18 Longan2 
I-- ·---·"-··-~-

B 3.1111 18 North 
.___ _____ 

c 2.2778 18 Chitralada 

c 
c 2.2778 18 West 

c 
D c 2.0278 18 Longan I 

D c 
D c E 1.9444 18 NorthEast 

D c E 

D F c E 1.6944 18 Sesame2 

D F E 

D F G E 1.5556 18 Lychee2 

D F G E 

D F G E 1.5278 18 Coffee I 

D F G E 

D F G E 1.4722 18 G4H6 

D F G E 

H D F G E 1.4444 18 Macadamia 
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Means witb the same letter are not significantly 
different. 

Duncan Grouping Mean N Product 

H F G E 

H F G E 1.3611 18 East 

H F G E 

H F G E 1.3611 18 G3H7 

H F G E 

H F G E 1.3611 18 Center 

H F G 

H F G 1.1667 18 Coffee2 

H F G 

H F G 1.1389 18 Wild2 

H F G 

H F G 1.0833 18 Wildl 

H F G 

H F G 1.0556 18 Forest2 

H F G 

H F G 1.0556 18 Sesamel 

H G 

H G 1.0278' 18 Cerana 

H G 

H G 1.0000 18 Sunflower2 

H G 

H G 0.9722 18 Lychee] 

H G 

H G 0.9722 18 Stingless 

H G 

H G 0.9167 18 Florea 

H G 

H G 0.8889 18 South 

H 

H 0.8056 18 Forest I 
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Level of Jasmine 
··. 

Product NI Mean Std Dev 
· .. . · .. 

.·. 

Center 18 1.36111111 0.72366623 
. .. 

Cera Ii~ .· 18 1.02777778 0.69604391 ... 
', '<_-:-----, ',,,-, 

Chitralada. 18 2.27777778 1.15328460 

Coffeel 18 1.52777778 0.83087874 
. 

Coffee2 18 1.16666667 0.68599434 

East · . 18 1.36111111 0.61370513 . . .. .. .. . 
•. 

Ffote1l 18 0.91666667 0.57522374 
.. 

ForestJ 18 0.80555556 0.48926382 
· .. 

F9re$t2 18 1.05555556 0.63913749 . 
G~H7 18 1.36111111 0.92044675 

.• ..... ·. 
G4H6 18 1.47222222 1.03571831 

LJ>nga.111 18 2.02777778 0.99220821 

Longan2 18 3.66666667 1.40377642 
.·· 

Lych.ee1 18 0.97222222 0.49918234 

Lychee2· 18 1.55555556 0.78382338 
.· .. 

·-· 
·. · .. ·.. · .. ·. 

Macadamia 18 1.44444444 0.63913749 
.·· 

North 18 3.11111111 1.49071198 
.. 

North.East·· 18 1.94444444 0.93759531 
.· 

Sesamel 18 1.05555556 0.53930481 
.· ··. 

Sesame2 18 1.69444444 0.76962345 
.·· 

South 18 0.88888889 0.55718715 

Stingless 18 0.97222222 0.69604391 

Suntlowerl 18 3.97222222 1.74450585 

Suntlower2 18 1.00000000 0.66421116 

West 18 2.27777778 1.36362646 

Wildt 18 1.08333333 0.66972338 

Wild2 18 1.13888889 0.68181323 
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Cotton candy flavor 

SOur~e DF 'fypeIUSS Mean Square FValue Pr>F .. 

P:l!D.e.1 .. 5 80.47325103 16.09465021 31.21 <.0001 

Repli~tion 2 0.44855967 0.22427984 0.43 0.6476 
' ~ ,_,_ 

Product 26 47.34670782 1.82102722 3.53 <.0001 

Means with the sallle letter. are not significantly 
.· different; 

Duncan Grouping Mean N Product 

A 2.5000 18 West 

A 

B A 2.2500 18 Center 

B A 

B A c 2.1111 18 G4H6 

B A c 
B A c 2.0833 18 NorthEast 

B A c 
B A c 2.0833 18 North 

B A c 
B A c 2.0556 18 Longan2 

B A c 
B D A c 2.0000 18 Sesame2 

B D A c 
B D A c 2.0000 18 Sunflower I 

B D c 
B D E c 1. 9167 18 Wildl 

B D E c 
F B D E c 1.8889 18 G3H7 

F B D E c 
F B D E c 1.7500 18 Coffeel 

F B D E c 
F B D E c 1.7222 18 East 

- ---~~ 
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Means wjtb the same letter are nQt significaijtly 
different. 

.· .. 
Duncan Grouping Mean. Prodllct 

F B D E c 
F B D E c 1.6944 18 Macadamia 

F D E c 
F D E c 1.6667 18 Forest2 

F D E c 
F D E c 1.6667 18 Longan} 

F D E c 
F D E c 1.6389 18 Coffee2 

F D E c 
F D E c 1.6389 18 South 

F D E 1C 

F D E c 1.6389 18 Sunflower2 

F D E c 
F D E c 1.5833 18 Chitralada 

F D E c 
F D E c 1.5833 18 Lychee2 

F D E c 
F D E c· 1.5833 18 Sesame] 

F D E c 
F G D E c 1.5278 18 Cerana 

F G D E 

F G D E l.4444 18 Lychee} 

F G D E 

F G D E 1.4444 18 Forest} 

F G E 

F G E 1.3889 18 Wild2 

F G 

F G 1.3333 18 Florea 

G 

G 1.0278 18 Stingless 
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Level of Cotton Candy 
' 

,.,.,~uet .. N Mean Std Dev 

ceJiter 
... . · 

18 2.25000000 1.07443556 
.. 

c~rl\na. · . 
18 1.52777778 0.55498337 

,~\':.;><" 

Chltrat3da 18 1.58333333 0.79056942 . 
Cof{~f· 18 1.75000000 0.64739296 . : 

¢c)ft~i· 
. 

18 1.63888889 0.70305124 
·-·-- ~. ... 

~a~r :·., 
·~ 

18 1.72222222 0.97350522 
;-.. . .·· . 

0.or~ ., 
.···,···, 

18 I .33333333 0.51449576 

F6r~t1· 18 1.44444444 0.76483156 
,- -.-. >' 

J.forest2 18 1.66666667 0.66421116 
·. 

G3B7 18 1.88888889 1.11876449 . ' . ·.·· 

G4ll6··· 
.· .· 

18 2.11111111 1.30108050 
.• ' 

Lo~ga.ii1 18 1.66666667 0.78590525 
•· ... < ... 

Longan2 18 2.05555556 0.90568286 
.· 

'. 

Lycheet 18 1.44444444 0.74535599 
' .. . 

Ly~llee2 18 1.58333333 0.89524890 

Ma~daJD.ia 18 1.69444444 0.51845043 
. 

North .. 18 2.08333333 1.03255822 

;N.,rtJiE;:tst 18 2.08333333 0.69133290 

sesame! 18 1.58333333 0.64739296 

Sesame2 18 2.00000000 0.97014250 

South 18 1.63888889 0.81899428 

Stingless 18 1.02777778 0.71686044 
••. 

Sunftowerl 18 2.00000000 0.72760688 

Sunftower2 18 1.63888889 0.56374680 

West 18 2.50000000 1.00000000 

Wildt 18 1.91666667 0.98890908 

Wild2 18 1.38888889 0.55718715 
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Butterscotch flavor 

.·. 

Source DF .. Typemss Mean Square FValue Pr>F 

Pa.nel 5 359.4814815 71.8962963 96.53 <.0001 
',, , 

Replica, ti on 2 2.6141975 1.3070988 1.75 0.1741 

Product .. 26 91.5833333 3.5224359 4.73 <.0001 

Means with the ~ame letter are not sig1dficantly 
different. 

' 
.. 

Duncan Grouping Mean 
,' ,' ' ' , 

N Product 

A 4.0833 18 Forest2 

A 

A 4.0556 18 Center 

A 

B A 3.7500 18 Coffee I 

B A 

B A c 3.7222 18 Sesame I 

B A c 
B A c 3.6944 18 Wild2 

B A c 
B D A c 3 .6111 18 South 

B D A c 
B D A c 3.5556 18 West 

B D A c 
E B D A c 3.5278 18 Coffee2 

E B D A c 
E B D A c 3.4722 18 Wildl 

E B D c 
E B D F c 3.3611 18 Macadamia 

E B D F c 
E B D F c 3.3611 18 Longan I 

E B D F c 
-· 

E B D F c G 3.3056 18 Sesame2 
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.Meall$ with the same l~ffer are not signitie1mtly 
different. 

" · . 
.. . 

Duncan Grouping Mean N Produd 

E B D F c G 

E B D F c G 3.2778 18 Cerana 

E B D F c G 

E B D F c G 3.2500 18 NorthEast 

E B D F c G 

E B D F c G 3.2222 18 Lychee I 

E B D F c G 

E B D F c G 3.1944 18 Chitralada 

E D F c G 

E D F c G 3.0556 18 Sunflower I 

E D F G 

E D F G 3.0000 18 G3H7 

E D F G 

E D F G 3.0000 18 Lychee2 

E D F G 

E D F G 2.9444 18 East 

E D F G 

E D F G 2.9444 18 Florea 

E D F G 

E D F G 2.9167 18 Sunflower2 
---·~·-

E D F G 

E D F G 2.9167 18 North 

E F G 

E F G 2.8333 18 Longan2 

F G 

H F G 2.6667 18 G4H6 

H G 

H G 2.6389 18 Forest I 

H 

H 2.1389 18 Stingless 
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. I 

Centel' .··· •.·•• 18 4.05555556 1.14902630 
. . ..... · . 

'. ;, ,':, -~, -,'> ' -' 

c.e.j:an.· .~ .. ·.·· ............. · 18 
..... · .. · .. · 3.27777778 1.36362646 

3.19444444 1.32995897 

3.75000000 1.20354867 

3.52777778 1.33363967 
··. · ... ···•··· ... · .. · .. ···.·· East. ·. ···· 18 2.94444444 1.58938472 . . ... · 

2.94444444 1.70543154 

2.63888889 1.18576800 

For¢st2·· 18 4.08333333 1.17885787 

3.00000000 1.46528455 

2.66666667 1.26025208 

L<1'1gft,nl. 18 3.36111111 1.43286586 .. 
2.83333333 1.30609431 

Lyyli~l .. ·.·········· 18 
3.22222222 1.12749361 

3.00000000 0.95486371 

3.36111111 1.10886210 

2.91666667 1.37466573 

NortllEast 18 3.25000000 1.21570604 

se~~lheJ.. ···••· 18 3.72222222 1.28592176 

3.30555556 1.32995897 ... .· 

S9uth 18 3.61111111 1.09215862 
. 

Sting•ess 18 2.13888889 1.02620884 

18 3.05555556 0.83822096 

sunDol\'er2 .... · .. 18 2.91666667 1.17885787 

West< 18 3.55555556 0.59133172 

Wildt 18 3.47222222 0.97727445 
. 

Wild2 18 3.69444444 1.16491465 

203 



Molasses flavor 

" 

DF ~p.elllSS Mean Sql!are F.Value Pr>F 

5 486.9238683 97.3847737 107.78 <.0001 

2 2.0195473 1.0097737 1.12 0.3280 

26 123.8590535 4.7638097 5.27 <.0001 

<·· ' ' .· ... ·, ·,' .•::-,'· 

Mea.ns.With the same letter are J1otf~gnit1¢~nt~y 
. ... . .. ·.· tl;fferent. .· 0 

A 3.9444 18 Forest2 

A 

B A 3.6667 18 Coffeel 

B A 

B A 3.6111 18 Sesamel 

B A 

B A 3.6111 18 Cerana 
-~-·--!---· ---4--+.----l----l--4----1--····--l---~--~-~-

B A 

B A c 3.5556 18 Stingless 

B A c 
B D A c 3.3611 18 Center 

B D A c 
E B D A c 3.2778 18 Florea 

E B D A c 
E B D A c F 3.2222 18 Lycheel 
•---+--+--+-------+---+---+-----+---+-----~---···-

E B D c F 

E B D G c F 3.0278 18 Wild2 

E B D G c F 

E B D G c F 3.0278 18 Longanl 

E B D G c F 

E B D G c F 3.0000 18 South 

E B D G c F 

E B D G c F 3.0000 18 Macadamia 

E D G c F 
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•. . . . . • •.. ·. . •·. . .•. · .· ... ·. ; .. <\;: 
.. Means witb the same letter are .not signifiea~tly. ·· 

:.· different; '· .... . 

. · .. . 
Proditct Dunca.n Grouping Mean N 
'.- .,, ... 

E H D G c F 2.8611 18 Wildl 
. 

E H D G c F 

E H D G c F 2.8333 18 Lychee2 

E H D G F 

E H D G F 2.8056 18 West 

E H D G F 

E H D G F 2.8056 18 Sunflower2 

E H D G F 

E H D G F 2.7778 18 Sesame2 

E H G F 
-

E H G I F 2.5556 18 G3H7 

E H G I F 

E H G I F 2.5556 18 East 

E H G I F 

E H G I F 2.5278 18 NorthEast 

H G I F 

H G I F 2.5000 18 Chitralada 

H G I F 
-··· 

H G I F 2.4722 18 Forest] 

H G I 

H G I 2.4444 18 Coffee2 

H G I 

H G I 2.2778 18 North 

H I 

H I 2.2222 18 Sunflower! 

H I 

H I 2.] 389 18 G4H6 

I 

I 1.9722 18 Longan2 
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<;~,!~* 1.39120722 
·--·~--·--

18 3.61111111 1.30108050 

18 2.50000000 1.61791442 

18 3.66666667 1.05718828 

18 2.44444444 1.40261194 

18 2.55555556 1.78958497 

18 3.27777778 1.68227981 

18 2.47222222 1.52886177 

18 3.94444444 1.50380780 

18 2.55555556 1.44394159 

18 2.13888889 1.42256557 

18 3.02777778 1.63124116 
•\_, ·.·\_,,,·"',· ... ·:.<>'"·, ------

I,i~~,~~;2· 18 1.97222222 1.34462134 

~)7~~~1:' 18 3.22222222 1.11437429 

18 2.83333333 1.07100832 
----

18 3.00000000 0.98518437 

18 2.27777778 1.37436854 

18 2.52777778 1.58552480 

18 3.61111111 1.45071540 

18 2.77777778 1.27443439 

18 3.00000000 1.37198868 

$ttngiess 18 3.55555556 1.37079720 

sunfitlwerl 18 2.22222222 1.34188434 

Su~ftower2 18 2.80555556 1.31885522 

West 18 2.80555556 1.37347658 

Wildt 18 2.86111111 1.16069902 

Wild2 18 3.02777778 1.48988967 
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Coffee flavor 

nF type Jll~S Me~m Square F Value Pr> F 

5 63.46553498 12.69310700 29.16 <.0001 

2 1.58744856 0.79372428 1.82 0.1626 

26 94.82818930 3.64723805 8.38 <.0001 

Means With t_.esame 1¢ttet are•notsigniftcantly. 
·.· 

•. ..... \different~ .. ··· . 

····· 

..... \ ...... : .... . .. ; . . .. . . .. I 

Pr~duc(· . '.9'llPC3.P Gr«>11,J>ing\ .• . ... M~3n ~ .· 
. 

A 3.1944 18 Coffee2 

B 2.0278 18 Sunflower} 
-··--·-- -· --·-·" 

B 

c B 1.9167 18 West 

c B 

c B D 1.8889 18 Longan2 

c B D 

c E B D 1.8611 18 NorthEast 

c E B D 

c E B D 1.8611 18 North 

c E B D 

F c E B D 1.8333 18 Chitralada 

F c E B D 

F c E B D G 1.8056 18 Center 

F c E B D G 

F c E B H D G 1.6389 18 Sesame2 

F c E B H D G 

F c E B H D G 1.5833 18 Macadamia 

F c E B H D G 

F c E I B H D G 1.5556 18 East 

F c E I B H D G 

F c E I B H D G 1.5278 18 Lycheel 

F c E I B H D G 
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M~an~ With tl)e same .• ~~~ .. tire rl()tSi~hjf"~~~~~i ··: 
.. .· .ilffer:ent. • ) i • ' .····i ..• ii 

F C E I B H D G 1.5278 18 Lychee2 

F C E H D G 

F C E H D G 1.4167 18 Florea 

F E H D G 

H D G 1.3889 18 Coffee} 

H G 

F E H G 1.3611 18 Wildl 

F E H G 

F E H G 1.3611 18 Cerana 

F H G 

F J H G 1.3333 18 Forest2 

J H G 

J H G 1.3056 18 G4H6 

J H 

J H 1.2500 18 Sunflower2 

J H 

J H 1.2500 l 8 Sesame 1 

J H 

J H 1.2222 18 Longan 1 

J H 

J H 1.2222 18 G3H7 

J H 

J H 1.1667 18 Wild2 

J H 

I J H 1.1111 18 Forestl 

J 

J 1.0278 18 South 

J 

J 0.8333 18 Stingless 
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1.80555556 0.73040861 

1.36111111 0.56374680 

1.83333333 0.87447463 

1.38888889 0.60768499 

:..;.;.::.:.; .~!? t 18 
. '\ ·.: •• ? •··•· .. · 

3.19444444 0.97224556 

1.55555556 0.87260410 

1.41666667 1.07443556 

1.11111111 0.58298309 

1.33333333 0.70710678 
--

1.22222222 0.86129557 

GijH:t;:i• i 18 1.30555556 0.85987155 

4~~~~iy·> .>. 18 1.22222222 0.57451315 

1.88888889 0.97852764 

'.tych~f> • .. •. 18 1.52777778 0.60566498 
__ ''. ','' 

1.52777778 0.65242133 l.tj;~1t~ 18 
. ·.· .. . .• 

Ma~damJa ... 18 1.58333333 0.80895721 

I. 86111111 0.95186436 
/ .. ·.·•.··. . 

NprtJiJi;ast 18 1.86111111 0.80083698 

1.25000000 0.69133290 

1.63888889 0.74371001 
·. 

South 18 1.02777778 0.49918234 
·. 

Stingl~~s 18 0.83333333 0.38348249 

Sunfl6wer.1 · 18 2.02777778 1.10443254 . 
Sunflowerl 18 1.25000000 0.62426427 

.· 
West 18 1.91666667 0.46177407 

Wildt 18 1.36111111 0.68181323 

Wild2 18 1.16666667 0.48507125 
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Dried fruit flavor 

" 

S{)u.r~e 
. .. . 

.. ))F', Jype l!lSS Me~n Square F Value Pr> F 

..•. 5 I 16.2124486 23.2424897 62.96 <.0001 

R~~licati{l~ 2 o.6213992 0.3106996 0.84 0.43 I 7 

Pro<l~~t · 26 92.8930041 3.5728079 9.68 <.0001 
.·· 

. .. .. 
~eaJ1s·mtbthe s~1Jle l.ett¢r are not significa1.1tly 

•• 
different. 

· .. · . . · ..... 
Du1.1cal1. (;;tonpjijg; 

. 
·.·· 

.· ," -,, 

I Mean N frudJl~t . 
A 2.2778 18 South 

A 

B A 2.2222 18 Stingless 

B A 
·-

B A c 2.1667 18 Sunflower2 

B A c 
B D A c 1.8889 18 Coffeel 

B D c 
B D E c 1.8333 18 Forest2 

B D E c 
-·-·-·· 

B D E c 1.8056 18 Sesamel 

B D E c 
F B D E c 1.7778 18 Wild2 

F D E c 
F G D E c 1.7500 18 Forestl 

F G D E c 
F G D E c 1.7222 18 Florea 

F G D E 

F G D E 1.6944 18 Lycheel 

F G D E 

F G D E 1.6667 18 Cerana 

F G D E 

F G D E H 1.6111 18 Chitralada 

F G D E H 
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" ' ,, ,.:; .. /:··:>. ··','':-'. ._''.;·: "''> ;.',· ... :. < ~·· . ··.:;,,:':,·~'::· ,,,·\' : 

Means.With. the S;l~~ l~tter are ~ot sigpifi~Jitly ·· .. c'•<:' :· 

different. . .. . . •· . · · . . 
.. '.. ·" . ·'.: ';. ;:' ,. . '~.~. ·. 

Duncan ~rouping l\f ~ .. n N ·· Proc,luct 
F G D E H 1.5556 18 Lychee2 

~· 

F G D E H 

F G D E H 1.5556 18 NorthEast 

F G D E H 

F G D E H 1.4444 18 Center 

F G D E H 
-- -

F G D E H 1.4167 18 Macadamia 

F G E H 

F G I E H 1.3611 18 West 

F G I E H 

F G I E H 1.3611 18 Longan] 

F G I H 
··---- -· 

F G I J H 1.3056 18 Wildl 

G I J H 

G I J H 1.2778 18 East 

G I J H 

G I J H 1.2778 18 Sesame2 

I J H 
··--···--··-

I J H 1.1389 18 Sunflower] 

I J 

K I J 0.9167 18 Longan2 

K J 

K J 0.8889 18 North 
--

K J 

K J 0.8611 18 Coffee2 

K 

K 0.6389 18 G4H6 

K 

K 0.6111 18 G3H7 
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uJ'etot nl"i,d fruif 

ft:9liil~t N Mean Std Dev 

¢~1Jt~r· 18 1.44444444 0.88929729 

18 1.66666667 0.74754500 

18 1.61111111 0.93235243 

18 1.88888889 0.86696827 

18 0.86111111 0.61370513 

18 1.27777778 0.54831888 

18 1.72222222 0.84404875 

18 1.75000000 0.66972338 

18 1.83333333 0.82247832 

18 0.61111111 0.60768499 

18 0.63888889 0.58925565 

18 1.36111111 0.65989205 

18 0.91666667 0.64739296 

18 1.69444444 0.57237608 

18 1.55555556 0.61569876 

18 1.41666667 0.79056942 

18 0.88888889 0.53013748 

18 1.55555556 0.90568286 

18 1.80555556 0.82495791 

18 1.27777778 0.64676167 

South 18 2.27777778 0.66911316 

stmgl¢ss. 18 2.22222222 1.01781517 

Sunflowed 18 1.13888889 0.70305124 

Sunftower2 18 2.16666667 1.42457424 

West 18 1.36111111 0.98227760 

Wildl 18 1.30555556 0.73040861 

Wild2 18 1.77777778 0.77121413 
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Medicine flavor 

·.· 

Source DF Typemss MeanSqu~r~ FValue Pr~F 
··. 

5 57.75565844 11.55113169 32.56 <.0001 

2 0.28497942 0.14248971 0.40 0.6694 

26 85 .25102881 3.27888572 9.24 <.0001 

Means.withthe saID,e··lette~are notsignific111ltly , 
· dif{~rent. > ·· · .... 

I 

.·· 

~unca11GrijJl('i;g> .···· l\l~itll' ~ J>ro«Juct 

A 2.2500 18 Lychee2 

A 

B A 2.0000 18 Lycheel 

B A 

B 
I 

A c 1.8611 18 Forestl 

B c 
B D c 1.6944 18 Macadamia 

B D c 
B E D c 1.5833 18 South 

E D c 
F E D c 1.5278 18 Coffeel 

F E D c 
G F E D c 1.4722 18 Florea 

G F E D c 
--~ ---····· 

G F E D c 1.4722 18 Cerana 

G F E D c 
G F E D c H 1.4167 18 West 

G F E D c H 

G F E D c H 1.4167 18 NorthEast 

u F E v H 

G F E D I H 1.3056 18 Sunflower2 

G F E D I H 
--·-·-· _" ____ ----.. -'----

G F E D J I H 1.2778 18 Stingless 
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·. ···.· .. ··:: .. :.•\::.···.·•:·· .·:·.>...... . . ·· .. ······ :.· ....... ·. .. .. 
Mea~witlt tile $~1l!~)e~tar~ .. not.$ignificantly 

.· .. .. · · · · · tllt'fetent~> 1 • • .• •. • .·.· 

G F E D J H 

G F E D J H 1 .2500 18 Chitralada 

G F E D J H 

G F E D J H 1.2500 18 Sesame 1 

G F E J H 

G F E J H 1.1944 18 Forest2 

G F J H 

G F K J H 1.1111 18 Wildl 

G K J H 

G L K J H 1.0556 18 Wild2 

G L K J H 

G L K J H 1.0278 18 East 

L K J H 

L K J H 0.9722 18 Center 

L K J 

L K J 0.9444 18 Sesame2 

L K J 

L K J 0.8333 18 Sunflower! 

L K J 

L K J 0.8333 18 Longanl 

L K 

L K 0.6944 18 Longan2 

L K 

L K 0.6944 18 Coffee2 

L K 

L K 0.6944 18 North 

L K 

L K 0.6944 18 G3H7 

L 

L 0.6111 18 G4H6 
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'"'· ,,,:·, l\j~icine 
t;~r~1or• 
Pro~u~t· M~n Std Dev 
'¢itit~~ 0.97222222 0.49918234 

1.47222222 0.58087718 

18 1.25000000 0.95870624 

18 1.52777778 0.79469236 

18 0.69444444 0.38877216 

18 1.02777778 0.52782078 

18 1.47222222 0.62947743 

18 1.86111111 0.80083698 

18 1.19444444 0.51845043 

18 0.69444444 0.57237608 

18 0.61111111 0.43910188 
··----

18 0.83333333 0.56879646 

18 0.69444444 0.51845043 
~----·· 

ri~¢;1····.· ·:Y .•••. :;e : .• 18 2.00000000 0.90748521 

~f~~~23 18 2.25000000 1.27475488 

i\f~~d.aO.i~·· 18 
0,,,,,,' :-·.·,-- ",''··' ' 

1.69444444 1.22641142 

~~ij11. ~ 18 0.69444444 0.38877216 

18 1.41666667 0.54906337 

18 1.25000000 0.57522374 

18 0.94444444 0.41617618 

18 1.58333333 0.91152748 

18 1.27777778 0.49176220 

18 0.83333333 0.42008403 

Stlnflo~er2 18 1.30555556 0.62164130 

West 18 1.41666667 0.86176972 

Wildl 18 1.11111111 0.47140452 

Wild2 18 1.05555556 0.59133172 
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Ferment flavor 

.. ·· . 

F.\r.a,l~e l'r>.F DF TypeIIISS M~Q.~CJUA.l'e 

5 31.05967078 6.21193416 25.32 <.0001 

2 0.00720165 0.00360082 0.01 0.9854 

26 86.85596708 3.34061412 13.62 <.0001 

c: : ' ' ' ' ,' ' ' "'' ' '. ' . : ,' ~ • ' . ·'.·; ''.. 

Means witlt the sameJe~~ are .• Qt sig1Jlfi~~.ity . 
. ·••·· ····•• · .• ~iffereAt . ·. . .. . : .. · 

.~:: '.'::<,->:-,_,: '>·:: .. ·<., . ' <·· ,; ,'.' ''\ < "····.. ·, .. '.< __ ;:::·.\···:·<· ··>.' 

..... · •··• '1>1lA~an G;r9,J!ill~ ~ea• 1 ··~ .frQ~;!:f$.t .... 
A 2.5278 18 Stingless 

B 1.8889 18 Coffee I 

B 

c B 1.6389 18 Forest I 

c 
c D 1.5278 18 South 

c D 

c D E 1.4167 18 Cerana 

c D E 

c D E 1.3611 18 Lychee2 

c D E 

c D E 1.3611 18 Sunflower2 

c D E 

c F D E 1.3333 18 Florea 

c F D E 

c F D E 1.3333 18 Lychee I 

c F D E 

c F D E 1.3056 18 Forest2 

c F D E 

c F D E 1.3056 18 NorthEast 

F D E 

F D E 1.2500 18 Macadamia 

F E 
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'->".-"-·'·< :-:<::: .... ·---·,;:· ':'':,," . ',;' ·:,, ''':,, __ .. :-_. ,,, . " ' :,··:.' .'·: 
.. ·. M'~~11s W:i~lt the sapieletter ~re. not sig1,1ificantly 

•• •. ·. · · c .•. · •. «lifferent , . . . .... · 
Pltll~~~ &roupi~g .. ·. 
',,-;;,:,:,:; ··'''' •,' -,.•'.•:"·, ,·.' 

F G E 1.1389 18 West 

F G E 

F G E 1.1389 18 Sesame 1 

F G E 

F G E 1.0833 18 Wild2 

F G E 

H F G E 1.0278 18 Center 

H F G E 

H F G E 1.0278 18 Wildl 

H F G 

H F G I 0.9444 18 Chitralada 

H F G 

H F G I 0.9444 18 East 

H G 

H G I 0.8611 18 Sesame2 

H G 

H G I 0.8333 18 Sunflower} 

H G 

H G I 0.8333 18 Longanl 

H 

H I 0.6667 18 Coffee2 

H 

H I 0.6667 18 G4H6 

H 

H I 0.6667 18 G3H7 

I 0.6111 18 North 

I 0.5833 18 Longan2 
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.•·· ... · .· 
... 1· 

Level of 
J!tq~~~t .· .... I NI Mean 

1.02777778 

1.41666667 
.. 

Chitridada 18 o. 94444444 
·... .··· 

{j~ftf. <> 18 0.66666667 

<;~~~.:· ·.· ·····.· 18 o.66666667 
.... 

.•.. >:.:J · .. ··· . ·• 
f,o)l~~n.2 . .. 18 0.58333333 

18 

18 .. 
Nortb 18 

.. 

sestt~ei · \ ·• .. 18 .. ·.·• ...... . 
. . ,:: : : ... 
Sesamel 18 

•. 

. .. 
18 

Stjngless 
.·· 

18 

Snllfloweri ·. 18 
. 

suntlower2 18 

West 18 

Wildt 18 

Wild2 18 

1.36111111 

1.25000000 

0.61111111 

1.30555556 

1.13888889 

0.86111111 

1.52777778 

2.52777778 

0.83333333 

1.36111111 

1.13888889 

1.02777778 

1.08333333 
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·.· 

·. 

Std Dev 

0.43630205 

0.52159258 

0.59133172 

0.93235243 

0.38348249 

0.48169092 

0.56879646 

0.68181323 

0.54607931 

0.45374261 

0.42008403 

0.34299717 

0.39295262 

0.51449576 

0.41322105 

0.49259218 

0.36604225 

0.48926382 

0.61370513 

0.41322105 

0.65242133 

1.11766856 

0.51449576 

0.53702765 

0.56374680 

0.31956875 

0.54906337 



Plastic flavor 

' ',. ' ·---, :·-·, .. · .. 

DF Typ~JIISS M:~?n ~qJi?I'~ FVallle P~~F I. ,,,- ,-' ,',,' 

5 83.3544239 16.6708848 52.06 <.0001 

2 0.7849794 0.3924897 1.23 0.2945 
.. 

Ptodll~f 26 123.5596708 4.7522950 14.84 <.0001 

· . .:' ... · .. :> .. : .... • :.• : .·:··: :· .. :: . ·'? : ' 

M:l!aps with th:e . .sa.JQ,e J~~r at~ nQt sj~pil'icantly 
.... . . ......... :. .. · differ~n~ . .·· .. : .. _·i·· .. ·. ;_ . 

· Ji11nc~11 firoijping< 1\fean ·· N. Pr~~~¢t ·. . 
A 2.6667 18 Lychee2 

B 2.1667 18 Lychee! 

B 

c B 1.9167 18 Forest! 

c 
c D 1.6667 18 Macadamia 

D 

E D 1.4167 18 Cerana 

E D 

E .D 1.3889 18 Stingless 

E D 

E D 1.3889 18 Coffee! 

E D 

E D 1.3611 18 NorthEast 

E D 

E D F 1.3333 18 Chitralada 

E D F 

E D F 1.3056- 18 West 

E D F 

E D F 1.2778 18 South 

E F 

E G F I. 111 I 18 Forest2 
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E G F 

E G F 1.0833 18 Florea 

E G F 

E H G F 1.0000 18 Sesame 1 

E H G F 

E H G F 1.0000 18 Sunflower2 

E H G F 

E H G F 0.9722 18 Center 

E H G F 
-----"-. 

E H G F 0. 9722 18 East 

H G F 

H G F 0.8889 18 Sunflower] 

H G F 

H G F 0.8889 18 Sesame2 

H G F 

H G F 0.8889 18 Wildl 

H G 

H G 0.7778 18 Longanl 

H G 

H G 0.7222 18 North 

H G 

H G 0.6944 18 Wild2 

H 

H 0.6111 18 Longan2 

0.5278 18 Coffee2 

0.5278 18 G4H6 

0.4722 18 G3H7 
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. .. 

I· 

.· Le:Vetof 
J'.-{,tJnct 

... . 

'.·· N 

18 c~~t~~:·· .. 

. 
••. 18 

.·· . 

L. '.~~·ee~ .. •· 18 
. . ..... • > 

Sesafu.~f ·•···· 18 .... 
. 

·~ . . . . .. ·.·· 

Stin~f~s > .•... · · .· 18 

s;.in .. ~w .. ett· ·· > 18 
,, , ___ 

Sul1ftower2 18 . .. .. 

. ·. 
Wildt 18 

Wild2 18 
.· 

. .. 
·•· Plastic •. . 

· . .. .. . . 
stdl}ev Mean 

,,,,'', ·. 

0.97222222 0.52782078 
---·-----

1.41666667 0.77174363 

1.33333333 1.29478592 
·---·--·-·--- --~-· 

1.38888889 0.58298309 

0.52777778 0.46879766 

0.97222222 0.60566498 

1.08333333 0.54906337 

1.91666667 0.95870624 

1.11111111 0.53013748 

0.47222222 0.43630205 

0.52777778 0.49918234 

0.77777778 0.57451315 

0.61111111 0.53013748 

2.16666667 0.87447463 

2.66666667 1.22474487 

1.66666667 Q.95486371 

0.72222222 0.54831888 

1.36111111 0.78225834 

1.00000000 0.54232614 

0.88888889 0.65429701 

1.27777778 0.73208450 

1.38888889 0.65429701 

0.88888889 0.67639954 

1.00000000 0.54232614 

1.30555556 0.62164130 

0.88888889 0.43910188 

0.69444444 0.57237608 
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Worcester sauce flavor 

DF1 T)'emss :,>; - -,, ·--- - ,-;_: '- __ , __ ·. 

J\fe;i~ SqJ*~re FValtae fr>F 
I ., It .. .... ;\,';· .. 

5 139.5534979 27.9106996 64.68 <.0001 

2 1.7170782 0.8585391 1.99 0.1379 

26 158.2355967 6.0859845 14.10 <.0001 

Meti~~·Witb th~~~~¢ letter ~;~p9tsi~nifica1ltly •••­
. · .. .. · ·· . ,_ ~~ft'~re.-.~: ... · ....... _.,_ ... · ... 

A 3.5556 18 Stingless 

B 2.2778 18 Florea 

B 

c B 2.2222 18 Cerana 

c B 

c B D 2.1667 18 Coffeel 
l---------+---+--+-----+---+----1------1-·~---- ------------·--

c B D 

c E B D 2.1111 18 South 

c E B D 

F. c E B D 1.8889 18 Lychee2 

F c E B D 

F c E B D 1.8611 18 Suntlower2 

F c E B D 

F c E B D G 1.8056 18 Sesamel 
f-----+--+--+-----+--+--+----+----t------···-· 

F c E B D G 

F c E B D G 1.8056 18 Forestl 

F c E D G 

F c E H D G 1.7500 18 Macadamia 

F E H D G 

F E H D G 1.6667 18 NorthEast 

F E H G 

F E H G 1.6111 18 Forest2 

F H G 
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\· If@~~~ Wit~;~~e si\Jtl~h*er are not significantly 
·.•·. ...• . . . different . . ... ·• . •. · .. .. 
I• •.:·· Y ··ec< . ·•· · .. ·.··• • .. ·:. ··.• .. 

1 .• •·•··•·••·•··• 

Jlun~an Gr.ouping ·.· )f~al1 N ].>roduct 
' '',' '.-'':'.>' -,~,". /-' '', ,', '' ', ", ,' ,-,,; ' 

F I H G 1.5833 18 Lycheel 

F I H G 

F I H G 1.5556 18 Center 

F I H G 

F I H G 1.5556 18 Wild2 

F I H G 

F I H J G 1.3889 18 West 

F I H J G 

F I H J G 1.3889 18 Sesame2 

I H J G 
----

I H J G 1.3056 18 Chitralada 

I H J 

I H J 1.2778 18 Wildl 

I J 

I J 1.1944 18 North 

I J 

I J 1.1944 18 East 

J 

J 1.0278 18 Longan I 

J 

J 0.9722 18 Longan2 

J 

J 0.9444 18 Sunflower I 

J 

J 0.8889 18 Coffee2 

J 

J 0.8889 18 G3H7 

J 

J 0.8889 18 G4H6 
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Level of 
:PrtjtJfi~t .•..... · . 

.... 

·. 

·. 

. 

N 

18 

18 

18 

18 
..... 

. 18 

i. ; .. ;• ') i.' 18 
:,... .; ; ': .• :. 

; 

18 
. ·. 

Se5ame2·.··· : ·. 
18 

18 
. 

18 Stblgle8s . 
: .. · ·. 

18 

Sunflower2 18 

18 
': 

West 
·:· 

Wildf 18 

Wildl 18 

WQree8ter Saii~e C ·.• . 
· .. ·· ; .. : :• ·.·· ···•· · .... 

; . Me~n :• 
.• ; ...... ; ; 

Stdl>e"' 
1.55555556 0.87260410 

2.22222222 1.03216252 

1.30555556 0.90973314 

2.16666667 1.00000000 

0.88888889 0.53013748 

1.19444444 0.73040861 

2.27777778 0.95828005 

1.80555556 0.51845043 

1.61111111 0.77754432 

0.88888889 0.86696827 

0.88888889 0.81449291 

1.02777778 0.89889184 

0.97222222 0.73708931 

1.58333333 0.66972338 

1.88888889 0.73875005 

1.75000000 0.80895721 

1.19444444 0.80693481 

1.66666667 0.76696499 

1.80555556 0.82495791 

1.38888889 0.81449291 

2.11111111 1.31233465 

3.55555556 1.10996673 

0.94444444 0.63913749 

1.86111111 0.98227760 

1.38888889 0.91644382 

1.27777778 0.69074176 

1.55555556 0.93759531 
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Soy sauce flavor 

Sb~f~~ · .. · .. · DF TrP~.m~~ M~•f$4~~~~ FValue Pr>F 

P~~e1 s 143.9012346 28.1802469 91.s2 <.0001 

0.1219136 0.39 0.6788 

:Pf~ilu¢t · 26 64.6481481 2.4864672 7.91 <.0001 . 

~eans mth·t·;:s3m~.Je~~~re·b~t$-g11Jffeantly 
. •. . . . ••··· •·•···•· >a:".;r~11:.:.>r ' • · · · ' ' · . . • . .<< ........ ~~""···';*,.:· ···, ..... · ... . 

I< 

... ·· .·· J)~n~Jl.JJ (;r~~pi~iF· .... ·· ... •. ··· Mean · · N\ i:'roduet ·· 
A 2.2222 18 Coffee 1 

A 

B A 2.1389 18 Florea 

B A 
I---·---

B A C 2.0833 18 Stingless 

B A C 

B D A C 1.8333 18 Cerana 

B D A C 

B D A C 1.8333 18 Macadamia 

B D A C 

E B D A C 1.8056 18 Forest2 

E B D C 

E B D c 1.7500 18 Sesame2 

E D c 
E D F C 1.6944 18 Center 

E D F C 

E D F C 1.6944 18 West 

E D F C 

E D F C 1.6667 18 NorthEast 

E D F 

E G D F 1.63 89 18 Sesame l 

E G D F 

E G D F 1.6389 18 Lycheel 

E G D F 
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'-::t ,, ,_"·'' ,', -:,',:',' ',,,, .'~'< ',:, :.'~" 

Mea11s.WiJ1l .. the same lt'~l';~l'enot $lgnitlcantly 
... ... .. ... .· qij'fet~!lt~ . .. ·-· . .. . .. · ..... -·· .. .•.. .· . ···-·.··· Mean N 

. 
.. Duncan Grouping . ·· Pl'oduct. 

- .. 

E G D F 1.6111 18 Lychee2 

E G D F 

E G D F 1.5556 18 Forest] 

E G D F 

E G D F 1.5278 18 Sunflower2 

E G D F 
-· 

E G D F H 1.5000 18 South 

E G D F H 

E G D F H I 1.4444 18 Wildl 

E G F H I 

E G F H I 1.3611 18 Wild2 

G F H I 
--

G F H I 1.2778 18 Chitralada 

G F H I 

G F H I 1.2500 18 Sunflower] 

G H I 

G J H I 1.1944 18 North 

G J H I 

G J H I 1.1944 18 East 

G J H I 

G J H I 1.1944 18 Longanl 

J H I 

J H I 1.0833 18 Coffee2 

J I 

J I 1.0556 18 Longan2 

J 

J 0.8056 18 G3H7 

J 

J 0.7778 18 G4H6 
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Levelof I 

I 

p~~ .. ~~t .•.· N 

18 1.69444444 0.68896531 

1.83333333 0.54232614 

1.27777778 0.75190390 . . 
~~ffed > 18 2.22222222 0.82644209 

.... ·· 

e~rt~z····· ....... ·· 18 1.08333333 0.73264228 
~~-r--·~·......,_c....,'-"-·--- --------------+----------1 : •. :.:•<• .. < 
East 18 1.19444444 o. 75027228 
;;;<•·.;:·· > 

F:~fi~a - ·· 18 2.13888889 o.65989205 
·.·.• 

Fir~tl ···· 18 1.55555556 o.59133112 
.. · . 
For~•~- 18 1.80555556 1.01661041 

18 0.80555556 0.62164130 

0. 77777778 0.64676167 

1.19444444 0.85987155 

1.05555556 0.85558526 

1.63888889 0.72366623 

18 1.61111111 0.84983659 

1.83333333 0.82247832 

North. :··· .. 18 1.19444444 0.80693481 .. 
NnrtbE~t · .·· 18 1.66666667 0.87447463 
•. 

1.63888889 0.83675767 

Sesame2 ..... .. 18 1.75000000 0.91152748 
..· . 

18 1.50000000 0.87447463 .. 
Stingless. 18 

····. 
2.08333333 0.57522374 

,,_' ,:-/, .·,: .... ';,;' ,' ' 

Sunllo_werf. 18 1.25000000 1.00366974 

·· ... ·. . .. ···· Sunllower2 1 8 1.52777778 0.55498337 

West 18 1.69444444 1.12640617 

Wildl 18 1.44444444 0.63913749 

Wild2 18 1.36111111 0.81899428 
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Herb flavor 

>--, 

l\f~~n Sq~are FVa11',e Pr>F 

90.17746914 18.03549383 101.66 <.0001 

2 0.59259259 0.29629630 1.67 0.1894 

26 27.39814815 1.05377493 5.94 <.0001 

A 1.6389 18 Stingless 

A 

B A 1.5000 18 Forest] 

B A 

B A c 1.3611 18 South 

B A c 
B A c 1.3611 18 Lychee2 

B A c 
B A c 1.3611 18 Coffee] 

B c 
B D c 1.3056 18 Florea 

B D c 
B E D c 1.2500 18 Sunflower2 

B E D c 
B E D c 1 .1 944 18 Cerana 

B E D c 
B E D c 1.1944 18 Lychee 1 

E D c 
F E D c 1.1667 18 NorthEast 

F E D c 
G F E D c 1.1389 18 Sesame 1 

G F E D c 
G F E D c H 1.1111 18 Forest2 

G F E D c H 
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Me;t:ns #Ith ~be s~une ie~er are not signifiCJ!ntly 
. 

. ... ··· •.... different.· . .. ·, '.· 

. n.~9~n '.Grouping Mean N' t>r9du~t . . - . . . . . . 

G F E D c H 1.1111 18 Wild I 

G F E D c H 

G F E D c H l.1111 18 East 

G F E D c H 

G F E D c H l.0833 18 Wild2 

G F E D c H 

G F E D c H l.0833 18 Chitralada 

G F E D c H 

G F E D c H l.0833 18 Macadamia 

G F E D H 

G F E D I H I .0000 18 Center 

G F E I H 
"-----··---·-· 

G F E I H 0.9167 18 West 

G F E I H 

G F E I H 0.9167 18 Sunflower! 

G F E I H 

G F E I H 0.9167 18 Sesame2 

G F I H 
--+--··-

G F I H 0.8333 18 Coffee2 

G I H 

G I H 0.8056 18 North 

I H 

I H 0.7778 18 Longanl 

I 

I 0.7500 18 G4H6 

I 

l 0.7222 18 G3H7 

I 

I 0.7222 18 Longan2 
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'ii~rb 
.·< ':std fit; 
0.48507125 

18 1.19444444 0.51845043 

18 1.08333333 0.66972338 

18 1.36111111 0.53702765 

18 0.83333333 0.59408853 

18 1.11111111 0.63142126 

18 1.30555556 0.76962345 

18 1.50000000 0.61834694 

18 1.11111111 0.65429701 
-~·~-··-·-

18 0.72222222 0.66911316 

18 0.75000000 0.64739296 

18 0.77777778 0.54831888 

18 0.72222222 0.52080882 

18 1.19444444 0.57237608 

18 1.36111111 0.50890758 

1.08333333 0.52159258 

18 0.80555556 0.38877216 

18 1.16666667 0.51449576 

18 1.13888889 0.74371001 

18 0.91666667 0.57522374 

South 18 1.36111111 0.72366623 

18 1.63888889 0.65989205 

18 0.91666667 0.69133290 

18 1.25000000 0.64739296 

18 0.91666667 0.64739296 

Wildt 18 1.11111111 0.63142126 

Wild2 18 1.08333333 0.62426427 
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Wood flavor 

5 29.50874486 5.90174897 50.09 <.0001 

2 0.10596708 0.05298354 0.45 0.6381 

0.79146882 6.72 <.0001 

A 1.2222 18 Lychee 1 

A 

A 1.2222 18 Forestl 

A 

B A 1.1667 18 South 

B A 

B A c 1.0833 18 Lychee2 
f----t------1---+-----+-·----1-~---·-·--··-

B A c 
B A c 1.0556 18 Florea 

B A c 
B D A c 1.0278 18 Coffeel 

B D A c 
B D A c 1.0278 18 Forest2 

B D A c 
B D A c 1.0278 18 Macadamia 

B D A c 
B D A c 1.0278 18 Sesame 1 

B D A c 
B D A c 1.0000 18 Stingless 

B D A c 
B D A c 1.0000 18 Center 

B D c 
B D E c 0.9167 18 Cerana 

D E c 
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:,_,:···' '· ,-·,-.'\ ,•' ~. ' .,,·'_ ' . ,·\·':- .--''>, · .. , ·<'.·." ·: ·. 

··· .. Means witll. t,tie same letter are notsignif:'icantly 
·.· 

···.·· 

differelJ.t 
.. ... · . 

. . ·. .. 
N 

' .,_ ·' 

... .. Duncan GnmpiJ.t"' Mean frqd\lct 

F D E c 0.8889 18 Chitralada 

F D E c 
F D E c 0.8611 18 West 

F D E c 
F D E c 0.8611 18 Wild2 

F D E c 
F D E c 0.8333 18 Sunflower2 

F D E 

F D E G 0.7778 18 Wildl 

F D E G 
f------

F D E G 0.7778 18 East 

F D E G 

F D E G 0.7778 18 Sesame2 

F E G 

F H E G 0.7222 18 NorthEast 

F H E G 

F H E G 0.6667 18 Sunflowerl 

F H E G 

F H E G 0.6667 18 G3H7 

F H G 

F H G 0.6389 18 Coffee2 

F H G 

F H G 0.6389 18 North 

H G 

H G 0.5556 18 G4H6 

H G 

H G 0.5278 18 Longan] 
··-·-

H 

H 0.5000 18 Longan2 
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<::~~t~I' ; . 1.00000000 0.24253563 

c~~~~~f 18 0.91666667 0.30917347 
:':.,·.<. __ {·J.:;::,r:;;.;:-:··, ·· .. :· >. 

cltrifit1~tifl' > 18 0.88888889 0.53013748 
'.(\:·?:~-,:,·· '.::(~;.·'·~·:. ·:c 

<;,(>tfee)Y?~ ·' 
--:: .• ·.·.>> ,,, .• 18 1.02777778 0.43630205 

18 0.63888889 0.41322105 

18 0.77777778 0.30784938 

18 1.05555556 0.33819977 

18 1.22222222 0.52080882 

18 1.02777778 0.43630205 

18 0.66666667 0.38348249 

18 0.55555556 0.51130999 

18 0.52777778 0.43630205 

18 0.50000000 0.38348249 

18 1.22222222 0.42779263 

18 1.08333333 0.57522374 
,;:, ·>~ ,, .. , ··~· .. ".·c. ,''• 

Mi~att~mi~·.\· 18 1.02777778 0.36267885 

18 0.63888889 0.37595195 

18 0.72222222 0.35239609 

18 1.02777778 0.40118289 

18 0.77777778 0.35239609 

18 1.16666667 0.56879646 

18 1.00000000 0.45374261 

18 0.66666667 0.34299717 

Sunt1ower2 18 0.83333333 0.38348249 

West 18 0.86111111 0.53702765 

Wildt 18 0.77777778 0.42779263 

Wild2 18 0.86111111 0.44739624 
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Iron flavor 

5 37.16460905 7.43292181 54.62 <.0001 

R,~~li~ifuJI. 2 0.46090535 0.23045267 1.69 0.1851 

~~~~tt}· .... •·· 26 10.21090535 0.39272713 2.89 <.0001 

,','' ' ' ~ ,', ~ ' . ' '. "'. ·,"' ' " . . .·:.. ''·' 

]\f ~~DS l\'it~ tbesal)l~.fe~r ~re D()f $igftifi~antly · 
·•· • < · · ·· · : d~f(~t:ent. , .. . .·. 

·•·• . << :.:· .. · ·• : <. .•: I· .. ·. •• .:::·:.•:: .. ·: . :.: 
> • Dun~an ~r9up~g .. .· . .c.· l\fe~' .. N "rQl}u~t 

A 1.0833 18 Lychee2 

A 

B A 1.0278 18 Forest! 

B A 

B A 1.0278 18 South 

B A 

B A c 0.9167 18 Lychee! 

B A c 
B D A c 0.8889 18 Florea 

B D A c 
E B D A c 0.8333 18 Coffee! 

E B D A c 
E B D A c 0.8333 18 Macadamia 

E B D A c 
E B D A c F 0.8056 18 Forest2 

E B D A c F 

E B D A c F 0.8056 18 Sesame! 

E B D A c F 

E B D A c F 0.8056 18 East 

E B D c F 

E B D c F 0.7500 18 Wild! 

E B D c F 
~ ---· 

E B D c F 0.7500 18 Sunflower2 
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;;· .· 

·. 

. ·... ....•.. . . 

1'11ne3:1rGruupin~ 

E D C F 

E D C F 0.7222 I 8 Coffee2 

E D C F 

E D C F 0.6944 I 8 Cerana 

E D C F 

E D C F 0.6944 I 8 Sesame2 

E D C F 

E D C F 0.6667 I 8 Chitralada 

E D C F 

E D C F 0.6667 18 Longan] 

E D C F 

E D C F 0.6389 18 North 

E D C F 

E D C F 0.6389 I 8 West 

E D C F 

E D C F 0.6389 I 8 NorthEast 

E D C F 

E D C F 0.6389 18 Stingless 

E D F 

E D F 0.6111 18 G4H6 

E D F 

E D F 0.6111 18 Longan2 

E D F 

E D F 0.6 I 1 I I 8 Sunflower! 

E F 

E F 0.5833 18 Center 

E F 

E F 0.5833 18 Wild2 

F 

F 0.5278 18 G3H7 
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West 

Wildl 

Wild2 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

0.69444444 0.34890117 

0.66666667 0.54232614 

0.83333333 0.48507125 

0.72222222 0.52080882 

0.80555556 0.66727913 

0.88888889 0.21389632 

1.02777778 0.67458532 

0.80555556 0.38877216 

0.52777778 0.40118289 
-----4-----·-··"--·-·-

0.61111111 0.40422604 

0.66666667 0.51449576 

0.61111111 0.55718715 

0.91666667 0.25724788 

1.08333333 0.80895721 

0.83333333 0.59408853 

0.63888889 0.47914002 

0.63888889 0.37595195 

0.80555556 0.42491829 

0.69444444 0.34890117 

1.02777778 0.49918234 

0.63888889 0.33455658 

0.61111111 0.36604225 

0.75000000 0.42874646 

0.63888889 0.41322105 

0.75000000 0.30917347 

0.58333333 0.35355339 
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7. Physiochemical properties of Thai honeys 

Degrees Brix 

2 0.0061728 0.0030864 0.02 0.9773 

i~~d.ia'ct 26 358.2469136 13.7787274 102.45 <.0001 
: •. · .. :. :: .. ·. 

A 81.8333 3 G3H7 

B 80.8333 3 North 

B 

B 80.8333 3 Sunflower] 

B 

c B 80.6667 3 East 

c B 

c B 80.6667 3 Coffee2 

c B 

c B 80.6667 3 Longan2 

c B 

c B D 80.1667 3 West 

c D 

c E D 80.0000 3 Coffee] 

c E D 

c E D 80.0000 3 Macadamia 

c E D 

c E D 80.0000 3 G4H6 

c E D 

c E D 80.0000 3 Lychee2 

E D 

F E D 79.6667 3 Wildl 
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F E D 

F E D 79.6667 3 Chitralada 

F E D 

F E D 79.5000 3 NorthEast 

F E D 

F E D 79.5000 3 Center 

F E 

F E G 79.3333 3 Longan! 

F E G 

F E G 79.3333 3 Forest2 

F G 

F G 79.1667 3 Cerana 

F G 

F G 79.1667 3 Sesame! 

F G 

F G 79.1667 3 Wild2 

F G 

F G 79.0000 3 Lychee! 

G 

G 78.6667 3 Sunflower2 

H 78.0000 3 Sesarne2 

75.1667 3 Stingless 

J 74.3333 3 Florea 

J 

J 74.0000 3 Forest! 

J 

J 73.8333 3 South 
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---

3 79.1666667 0.28867513 

3 79.6666667 0.28867513 

3 80.0000000 0.00000000 

3 80.6666667 0.28867513 

3 80.6666667 0.76376262 

3 74.3333333 0.28867513 

3 74.0000000 0.00000000 

3 79.3333333 0.28867513 

3 81.8333333 0.28867513 

3 80.0000000 0.00000000 

3 79.3333333 0.28867513 

3 80.6666667 0.28867513 

ti~fi-t" 3 79.0000000 0.00000000 

3 80.0000000 0.50000000 

3 80.0000000 0.00000000 

3 80.8333333 0.28867513 

3 79.5000000 0.50000000 

3 79.1666667 0.57735027 

3 78.0000000 0.00000000 

3 73.8333333 0.76376262 

3 75.1666667 0.28867513 

3 80.8333333 0.28867513 

3 78.6666667 0.57735027 

West 3 80.1666667 0.28867513 

Wlldl 3 79.6666667 0.28867513 

Wild2 3 79.1666667 0.28867513 

239 



L* value 

Source · . BF 
·.. . . . . 
Typ~IUSS Mean. Squttre 

.. ··· .... 
FV;Jlue Pr>F. 

4 0.19762 0.04940 0.00 1.0000 

26 39181.89585 1506.99599 97.17 <.0001 

,~., ''· -::'>,-~'','' ' ',, '.; ' ' ' ',·/ ' ''·.'.". ,, ' ' ''•; <· .··,," ·: 
M~~n~ with the sam.., lett~rare not ~ignifica11tly .. 

· .. d~eten.t.· ...... .· ........ . 

A 61.424 5 Sunflower2 

A 

B A 58.272 5 Lychee2 

B 

B 54.470 5 Coffee2 

B 

B 54.338 5 Sunflower! 

c 48.896 5 East 

c 
D c 47.764 5 North 

D c 
D c E 44.234 5 Macadamia 

D c E 

D c E 43.556 5 Forest2 

D E 

D E 43.388 5 G4H6 

D E 

D E 43.218 5 NorthEast 

D E 

D E 42.322 5 Wildl 

E 

F E 41.060 5 Sesame2 

F E 
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·Me~il~W.t~~~~iap.~!e~'~are~6J.~t~~~~~~tly•·••·· .... 
· .· .. . . ·. > •different. · ·< • ·.· ' :;::.t •• 

• . .•. :· . • • ··: ···:. ..·::: ...•.• ;.;• !'. . ••.. ··•.•9.•· 

»11~~nfir~'Pi~~ · 1\tl~alJ N- P:~~~ .. ~~: .. .. 
F E 41.060 5 West 

F E 

F E 40.256 5 Wild2 

F E 

G F E 38.618 5 South 

G F 

G F 36.152 5 Longanl 

G 

G 34.186 5 Center 

G 

G 33.502 5 G3H7 

H 27.068 5 Longan2 

H 

H 26.646 5 Lycheel 

H 

H 23.486 5 Chitralada 

I 13 .198 5 Sesame 1 

11.968 5 Florea 

10.110 5 Coffeel 

J 4.978 5 Forestl 

J 

J 2.952 5 Cerana 

J 

J 0.190 5 Stingless 
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StdJ>ev1 

0.4532880 

5 23.4860000 4.4590784 

5 10.1100000 5.2178396 

5 54.4700000 0.5444263 

5 48.8960000 0.8324242 

5 11.9680000 1.4892011 

5 4.9780000 1.3702263 i 

5 43.5560000 7.0008128 

5 33.5020000 1.6677590 

5 43.3880000 1.12664101 

5 36.1520000 5.4952680 

5 27.0680000 2.4799032 

~jr~~~~l 5 26.6460000 2.0538939 

'~~j~~'; 5 58.2720000 3.2347133 
-> ,,,; ~,:, 

~~d~Oiia ' ,,, > ,'':J~~ -,,.-.;"' ',,'"'''''' ' ' ' 
5 44.2340000 0.7776760 

c;O:i~tT· .. ·.· 5 34.1860000 2.4665522 

~o~~/ 5 47.7640000 1.3561821 

5 43.2180000 1.2163347 

5 13.1980000 2.6681867 

5 41.0600000 4.6356068 

5 38.6180000 5.4671675 

5 0.1900000 0.0744983 ! 

sunflowt 5 54.3380000 0.5647743 

Sunt1ow2 5 61.4240000 10.1047256, 
I 

Wesf 5 41.0600000 5.0910510 

Wildt 5 42.3220000 3.6109445 

Wild2 5 40.2560000 6.0732965 I 
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a* value 

Typemss l\fean Sq~ar,e F'Vallle Pr>.F 
4 23.747699 5.936925 1.05 0.3863 

26 9930.068873 381.925726 67.41 <.0001 

> l\fe~J!s }Vith the sam~Jetter are 11ot signifl~~P.tly 
. . · .. · ·....... ·.·· <liffer~nt. .. .. · ·· · .·.·. · · < > . 

... D~)l~•n Grriu~b1g > .··• . MeQ.11 N Prod,uet > 

A 35.706 5 Lychee2 

B 31.010 5 Sunflower2 

B 

c B 28.584 5 Sesamel 

C B 

c B 28.210 5 Lycheel 

c 
c D 26.684 5 Center 

D 

E D 24.380 5 Coffee 1 

E D 

E D F 23.544 5 Florea 

E F 

E G F 21.808 5 Chitralada 

G F 

H G F 20.708 5 Forestl 

H G F 

H G F 20.666 5 Longanl 

H G 

H G I 19.956 5 Wild2 

H I 

H J I 17.926 5 Longan2 

J I 
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K J 17.302 5 South 

K J 

K J L 15.174 5 Sesame2 

K J L 

K J L 15.102 5 Cerana 

K J L 

K J L 14.998 5 West 

K L 

K L 14.124 5 Forest2 

K L 

K L 13.940 5 Wildl 

L 

L 13.336 5 Macadamia 

L 

L 13.302 5 North 

L 

L 12.014 5 NorthEast 

M 7.648 5 East 

M 

N M 7.386 5 G3H7 

N M 

N M 5.952 5 Coffee2 

N M 

N M 5.650 5 Sunflower I 

N 

N 4.250 5 G4H6 

0 1.028 5 Stingless 
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Levelor 
Ptodu~t .. 
---' ,>_ •, . -. 

ceiij~~f·•· .·. 5 

G4H6'. 5 
'</,,;,.;_,,' ,' ·,., 

5 

5 

5 

L~~lj~i 
. 

5 
> ,-•,. ', 

N.;rtb·. .. 5 
··.· .·. 

south · .. · .•... · ·· .. ·.· 5 

Sunftowert 5 .. ·.· 
... 

Sunftowef2 5 .. 
West 5 

Wildt 5 

Wild2 5 

.· .· 

.. · i a* ..... ··. . 
.•;·· 

Mean Std Dev 
.· .. ·.·. 

15.1020000 1.86074447 

21.8080000 1.71647022 

24.3800000 7.04626852 

5.9520000 0.93790724 

7.6480000 2.19507859 

23.5440000 0.77170590 

20.7080000 3.81500590 

14.1240000 1.18803619 

7.3860000 0.48552034 

4.2500000 1.74636766 

20.6660000 1.05445721 

17.9260000 1.00793353 

28.2100000 0.74431176 

35.7060000 4.11085514 

13.3360000 1.44304539 

26.6840000 1.82609693 

13.3020000 0.62231021 

12.0140000 2.10913015 

28.5840000 0.95824318 

15.1740000 1.17689422 

17.3020000 2.38901026 

1.0280000 0.27398905 

5.6500000 2.05568723 

31.0100000 1.71474488 

14.9980000 3.42055113 

13.9400000 3.30562400 

19.9560000 1.98142121 
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b* value 

·. ' 

Sour.ee 
.. · ·.··. 

4 61.06618 15.26655 0.56 0.6937 

Pr()dllct ·· 26 79688.4 7317 3064.94128 112.02 <.0001 
·. 

. Mean~ Wit~t~es~me letter are:not ~ig11ificantly 
. .. . (lifferent.. · · · . 
' -" - ---,,, -, , ___ - - - ,/ " 

·. . : < . . . . . '. . ·:· .: :· •.. 

Duncan Grouping . ·· Mean! N. PrQduct 

A 103.912 5 Sunflower2 

A 

A 98.486 5 Lychee2 

B 66.130 5 North 

B 
--

c B 64.788 5 Wild2 

c B 

c B D 62.114 5 Macadamia 

c B D 

c B D 61.540 5 West 

c B D 

c E B D 60.700 5 Forest2 

c E B D 

c E B D 60.138 5 South 

c E B D 

c E B D 59.858 5 Longanl 

C E D 

c E F D 57.960 5 Center 

c E F D 

c E F D 57.728 5 Sesame2 

c E F D 

c E F D 57.678 5 Wildl 

E F D 
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Mtans .With the same leuer are not significantly. 
different. . . . .. 

l)ll)lcan Grouping ... Mean . ... N Product 

G E F D 55.398 5 Coffee2 

G E F 

G E F 53.608 5 NorthEast 

G F 

G F H 50.782 5 Sunflower I 

G H 

G H 50.102 5 East 

H 

I H 45.590 5 Lycheel 

I H 

I H 44.686 5 Longan2 

I 

I 40.694 5 G4H6 

I 

I 39.568 5 Chitralada 

J 30.742 5 G3H7 

K 22.730 5 Sesamel 

K 

K 20.556 5 Florea 

K 

K 17.410 5 Coffeel 

L 8.580 5 Forestl 

L 

M L 5.088 5 Cerana 

M 

M 0.328 5 Stingless 
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'·• .\ > 
b* tevelof . •.· .. .. - . .•.. · · ....... . , . .. · .. .. 

IN 
c .. 

Pr9«hi~f .. Mean .. ··S(~:Qev .. • • .• •. •·1. • 

cet~na. 
. . 

5 5.088000 0.7790507 
. ... ·. .. 

chittalada 5 39.568000 6.8220063 
. . - .. 

-

C~lf'~l 5 17.410000 8.9858277 ... 
,'' ,_''\ 

CQff~2<· ·· 5 55.398000 2.0549258 
.. · . . . ; . •. ···.• 

East 5 50.102000 4.1427612 
• .. 

,/. 

Florea··· 5 20.556000 2.5599863 ... · .... 
F4't~tl 5 8.580000 2.3610167 

·f~te$ti• 
.. . 

5 60.700000 4.2575697 
·:.•· . 

<i~H:7· .. · . ... 5 30.742000 0.2653677 
.· 

G4f 6 .. 5 40.694000 3.6991323 
. 

I&ng(\pl 5 59.858000 6.5897815 
,, ,(> ,,, <-'' '" 

····.· 
----

Longan2 5 44.686000 3.5258375 
... ·· .. ·. 

Lycheel 5 45.590000 3.4411335 . ;. ; .. ·.· .·. 

Lychee~ 5 98.486000 4.4149383 

I\:tJtcad.a~ia 5 62.114000 1.4522672 
--·-~-· --

C¢nter ••• 5 57.960000 3.9295992 
- ·. 

~···· .:. 5 66.130000 1.0465180 
.. 

NortliEast ·.•· 5 53.608000 3.3611412 
. · . 

Ses3mel 
·. 

22.730000 5 4.5877500 
.· 

;; 

sesame2 .. 5 57.728000 3.2256658 
.. · 

.. 

South· 5 60.138000 5.8881805 
.· 

Stinglf!,Ss 5 0.328000 0.1285302 
I· • . 
Suntlowerl 5 50.782000 4.9495980 

Suntluwer2 . 5 103.912000 15.5715115 

West 5 61.540000 3.8663355 

Wildt 5 57.678000 3.0635551 

Wild2 5 64.788000 7.6674650 
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8. Comparing adulterated samples by glucose syrup with original honey 

Viscosity 

SJ)urce 
.· 

DF Typemss M,:ean Square 
I· 
1 FValue. Pr>F 

P~nel 5 8.02314815 1.60462963 4.49 0.0022 

Replication 2 0.12037037 0.06018519 0.17 0.8456 
,· · .. , .. ' 

Pr~d~ct 
· .. 

2 7.14814815 3.57407407 10.00 0.0003 

Means with the sa1ne lettel' are not significantly 
· dift'e)'eut. ... / .. .· 

... 

tGtj>uping Mean N Product . ··. 
A 11.3611 18 G3H7 

A 

A 10.9722 18 G4H6 
- -·- -- --·-·--

B 10.4722 18 Forest2 

. ·. 

Level of 
Viscosity 

.· .·· 

Product N Mean Std Dev 
.·· . 

Fotestl 18 10.4722222 0.83087874 . 

G3H7 .. ·· 18 11.3611111 0.65989205 

G4H6 18 10.9722222 0.52782078 
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Sweetness 

.. ·.· .. 

DF, Type lll~S 1\feall Squ~re FValu~ J>~>F 

:Panel 5 18.16666661 3.63333333 11.94 <.0001 

Replication 2 0.75000000 0.37500000 1.23 0.3015 
.·· 

:frodl)ct 2 6.02777778 3.01388889 9.90 0.0003 

~eans with tlie s~tne lett"r are IJot significantly 
xr. · .. . .. · . ditf<tre~i . . ... · .. · ... · . 

fGro1lping Mean N Produ~t 
.·· 

A 8.1944 18 Forest2 

B 7.5000 18 G3H7 

B 

B 7.4722 18 G4H6 

Level of Sweetness 
.__;.. 

Product N Mean Std Dev 

Forest2 18 8.19444444 0.64486407 
..... 

G3H7 18 7.50000000 0.90748521 

G4H6 18 7.47222222 0.81298691 
··. 
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Sourness 

Source 
•. . .. · . . 

FV~lue 
·. 

DF Type.m:ss Mean S911ar~ Pr*F 
·. ······ 

. 
. ,;--.··:.·•",.·' . 
fan el. 5 5.65277778 1.13055556 14.10 <.0001 

.. .. 

ReJllic~tton . 2 0.08333333 0.04166667 0.52 0.5983 

Product 2 2.11 111111 1.05555556 13.17 <.0001 
. ... 

~"ans .. w(ib•the.saltleletter are .. not.significantly 
· diffl.er ... ent. · '. ·. .. .· 

.· .. 

M:ean N. Product. 
.. . . . .. . . 
t Gfoupillg 

A 0.86111 18 Forest2 

B 0.47222 18 G4H6 

B 

B 0.41667 18 G3H7 

·.··.·· ·. ·. 

Level of Sourness 

Product N .Mean Std Dev 

Forest2 18 0.86111111 0.41322105 

G3H7 18 0.41666667 0.42874646 

G4H6 18 0.47222222 0.43630205 

251 



Bitterness 

.. : 

DF TypeUISs 
. . . :: .. . I: :: 

Sour~e .. :,: . Mean Square F.YaJue Pr>F 
Paf1e1···· : 

6.80092593 1.36018519 5 11.44 <.0001 
.. :·'· .... 
ReplicatiOJ) . 2 0.03703704 0.01851852 0.16 0.8562 

Product·· 2 3.95370370 1.97685185 16.63 <.0001 

1\fean~ W:ith tlJ.e same letter are not~ignifi~ntly 
· · · dift'ere,f. · ·· ·· 

A 0.9444 18 Forest2 

B 0.4167 18 G3H7 

B 

B 0.3333 18 G4H6 

' ·. . 
Bitterness ·.· 

Level of . .. ··.·· 
... · . 

Pro(}uct N Mean· .,.Std Dev ... · 
.. 

Forest.2 18 0.94444444 0.51130999 
. 

G3H7 18 0.41666667 0.49259218 

G4H6 18 0.33333333 0.45374261 
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Saltiness 

Typem·ss 
. 

S()urce .. DF 1 l\{~an·squ3re FValue Pr>F 
,' .. , '; ·. 

Panel 5 4.22222222 0.84444444 8.86 <.0001 

Repli~ati911 2 0.08333333 0.04166667 0.44 0.6487 
. 

Produ~t ·· 2 0.33333333 0.16666667 1.75 0.1859 
·. 

' '' :- '-:~, /~':',' .". '. . ;' . 
tGr~uping •·· .'· 

A 0.2778 18 Forest2 

A 

A 0.2778 18 G3H7 

A 

A 0.1111 18 G4H6 

Levelof Saltiness . 
. · . . 

Produ¢t N Mean Std Dev . ·. 

Forest2 18 0.27777778 0.42779263 

G3H7 18 0.27777778 0.49176220 

G4H6 18 0.11111111 0.27415944 
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Perfume flavor 

Jl:F 
.. . . . .. ; Cl 

Spµ re¢ : .TypelJlSS ·Mean Sc:fuare RVah,1e 1~r>F 
. . . 

Pan et 5 24.27777778 4.85555556 28.70 <.0001 

Replication 2 0.02777778 0.01388889 0.08 0.9213 

Produet 2 2.58333333 1.29166667 7.63 0.0014 

.... · ' .... : . : . . : 

Means. with the sull1e, letter are not signifiC2lntl:y 
.... different~, ' ·.·. 

A 1.5833 18 Forest2 

B 1.1667 18 G3H7 

B 

B 1.0833 18 G4H6 

Level.of .. Perfume· 

Product N Mean Std])ev 

Forestl 18 1.58333333 0.80895721 

G3B7. 18 1.16666667 0.82247832 

G4B6 18 1.08333333 0.73264228 
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Fruit flavor 

sourc~ ., \ PF 1 fyp~t~ss' M:eJ\n'~quare FValue Pr>F 
... 
Panel 5 8.38888889 1.67777778 8.20 <.0001 . 
Replication 2 0.36111111 0.18055556 0.88 0.4209 

'~: " 

Produet · 2 13.08333333 6.54166667 31.98 <.0001 
. 

1\{eans witlt .the same l~tter are not significantly. 
dlfferen(. 

,, '" 

Mean N 
A 1.8056 18 Forest2 

B 0.8056 18 G3H7 

B 

B 0.7222 18 G4H6 

.. ·; 

Level of Fruit . 
... 

J>roduct N Mean Std Dev . 

Forest2 18 1.80555556 0.78849986 

G3H7 
.· 

18 0.80555556 0.45822191 
.. · 

G4H6 18 0.72222222 0.46088860 
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Flora flavor 

·.'.·.· 
sour®· . DF TypeIIJS~ :Mean Sqtt,are FValue 

~~~;. . .. 5 24.09722222 4.81944444 38.56 

J!e»li~t((H1 2 0.02777778 0.01388889 0.1 I 

Prod~~t 
1· .. 

2 0.08333333 0.04166667 0.33 

Means with .the same lett<'.r are !lot, signifi~antly . 
different . 

. ·' .', .. ··,· '> ,. , __ ' 

tGrouping M~n N Product 

A 1.1944 I 8 Forest2 

A 

A I. II II 18 G3H7 

A 

A l.IIll 18 G4H6 

' 
Level of ' 

Flora 
. 

P.r>F 

<.0001 

0.8951 

0.7183 

Product N Mean . Std. Dev 
·. . . • 

Forest2 18 I .I 9444444 0.75027228 

G3H7 18 1.11111111 0.77754432 .. 

G4H() 18 1.11111111 0.75839528 
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Jasmine flavor 

·.· " 
DF ·s~urce• .•. ·, TypellISS ~ea' 8911,;ir~ FV3Iue. Pr>F 

.. 

Panel 5 29.20370370 5.84074074 25.05 <.0001 

l{eplicati~n 2 0.12037037 0.06018519 0.26 0.7737 

Product· 2 1.67592593 0.83796296 3.59 0.0358 

l\feans with thesa111e letter are llQt sig~jficantly 
different. 

· . 
.'. .. '..·· 

tGrouping 
'. 

Mean'. N Product 
.·. 

A 1.4722 18 G4H6 

A 

B A 1.3611 18 G3H7 

B 

B 1.0556 18 Forest2 

. . 

LeveJ of I• .Jasmine. 
' 

.· 

Product N Mean Std Dev 

Forest2 18 1.05555556 0.63913749 

G3H7 18 1.36111111 0.92044675 

G4H6 18 1.47222222 1.03571831 
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Cotton candy flavor 

···: ; ........ :·.· · .. . ··. . ...... : · .... · .... ·· . 

FValue Pr>F SQ.urce· DF TypellISS · l\feal(~qq~re ... 

······· • .... 5 24.22222222 4.84444444 6.50 0.0001 fap¢1 
:· '/ ' 

"eplJciitipn · · 2 0.52777778 0.26388889 0.35 0.7039 

Product 2 1.77777778 0.88888889 1.19 0.3132 
· .. · . 

Means with the s~meJetter are D<>t $ignifica.ntly 
different~ · 

t Grouping Mean 

A 2.1111 18 G4H6 

A 

A 1.8889 18 G3H7 

A 

A 1.6667 18 Forest2 

·.· .. · . 

Cotton Candy Level.of .. . . .. 
Product· N Mean Std Dev . .. . . 

Forest2 18 1.66666667 0.66421116 . 
(;3Jl7 18 1.88888889 1.11876449 

G4H6 18 2.11111111 1.30108050 
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Butterscotch flavor 

•. 

source DF Typemss Mean Square FValue Pr>F 

P8.nel 5 54.65277778 10.93055556 15.21 <.0001 
·'. 

iteplicatio.n 2 0.86111111 0.43055556 0.60 0.5536 

Product 2 19. 75000000 9.87500000 13.75 <.0001 
. 

:,':_,·; ':c.: ',-- .. .. 

Me1.1ns with the s?.QJ.e leJJer are not signifi~antly 
different; . .. ... •. . .· . 

tGrouping N Product 
. 

A 4.0833 18 Forest2 

B 3.0000 18 G3H7 

B 

B 2.6667 18 G4H6 

Level of 
Product N 

.Forest? 18 4.08333333 1.17885787 

G3H7 18 3.00000000 1.46528455 

G4H6 18 2.66666667 1.26025208 
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Molasses flavor 

sout¢~ . JlF . ... 'i,'ype IJJ. ~~ M:ca.~ Square .FValue Pr>F 

P;:tlier .. 5 79.52314815 I 5.90462963 25.78 <.0001 
.· .. 

RepU¢Atfo)\ 2 1.62037037 0.81018519 1.31 0.2793 

Produ¢t 2 32.17592593 I 6.08796296 26.07 <.0001 

,' " ' ,, 

M~a~s witb ~Ju~ saltl~.letter ~re not $ignifica11tly 
· dlfferent~ · 

·. .. . 

·· tGron.·p·. ilig ··· 1 Mean ··· N. Product 
'" ' 

A 3.9444 18 Forest2 

B 2.5556 18 G3H7 

B 

B 2.1389 18 G4H6 

Level of Molasses 

Prod11ct·. N Std.Dev 

F-0rest2 18 3.94444444 1.50380780 

G3H7 18 2.55555556 1.44394159 

G41I6 18 2.13888889 1.42256557 

260 



Coffee flavor 

·.1· ... 

Source l>F Pr>F Type Ill.SS . Mean Squfil'e ·. FVatue 
·· . .. . · . 

Pflne1·· 5 16.02314815 3.20462963 9.87 <.0001 

R~pll~a.tion ·· 2 3.37037037 1.68518519 5.19 0.0095 

Produtt 
. ·.· 

2 0.12037037 0.06018519 0.19 0.8315 .. 

Mea11s with tJie ~~me 1.ettetfire not sigtdt'ieantly 
.·differ~nt. · 

M:~an ·· 

A 1.3333 18 Forest2 

A 

A 1.3056 18 G4H6 

A 

A 1.2222 18 G3H7 

·. .. 

Level of .. . Coffe~ 

Product N Mean Std Dev 

Forest2 18 1.33333333 0.70710678 
.·· 

G3H7 
.. 

18 1.22222222 0.86129557 

G4H6 18 1.30555556 0.85987155 
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Dried fruit flavor 

1·. '"' ·'::: '" . . / . . : . >' ,,, 

•· .I>F 1?ype·111s~ 1
··• l\feajj SqU,are FValue Pr>F .·. : 

5 15 .65277778 3.13055556 18.16 <.0001 
',, '·' : Panef .. : 

: . ··· .. ' .. 

2 0.44444444 0.22222222 1.29 0.2856 

2 17.52777778 8.76388889 50.85 <.0001 

Me~nswit~thes~mel~tt~rare J(ot signinc,ntly 
' .. ·. . diJf~l'~Jit. . ·•· 

A 1.8333 18 Forest2 

B 0.6389 18 G4H6 

B 

B 0.6111 18 G3H7 

· .. :. 

Level of 
Dried fruit 

·-·-· -~--

Product N Mean Std Dev 
.· 

Forest2 18 1.83333333 0.82247832 

G3117 18 0.61111111 0.60768499 
.. 

G4116 18 0.63888889 0.58925565 
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Medicine flavor 

,, ' ,· ,'' . ,, ',• ' 

FYaJu~ 
.. 

Sou fee DJ! 
1 

Trpem;ss · . Mean Square Pt>F . 
•' 

Pa.nel 5 7.94444444 1.58888889 13.04 <.0001 

Repli~ation 2 0.11111111 0.05555556 0.46 0.6368 

Pfoduct 2 3.58333333 1.79166667 14.70 <.0001 

A 1.1944 18 Forest2 

B 0.6944 18 G3H7 

B 

B 0.6111 18 G4H6 

Medicine 

Product Mean Std.Dev 

Forest.2 18 1.19444444 0.51845043 

G31l7 18 0.69444444 0.57237608 

G41l6 18 0.61111111 0.43910188 
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Ferment flavor 

Sour~e .· .. • . }lf 'ty}l~nt~~ ~etni~q~a~ FVahte Pr>F 
... 

Panel 5 5.52314815 I.10462963 8.20 <.0001 . 
Replication 2 0.12037037 0.06018519 0.45 0.6425 

. 
Product 2 4.89814815 2.44907407 18.18 <.0001 

A 1.3056 18 Forest2 

B 0.6667 18 G3H7 

B 

B 0.6667 18 G4H6 

Level of Ferment 

Produ¢t N Mean Std Dev 

Fores.t2 18 1.30555556 0.54607931 

G3B7 18 0.66666667 0.45374261 

G4H6 18 0.66666667 0.42008403 

264 



Plastic flavor 

1 . Type 1!I SS 
..... · ··. . ' .· 

Pr>F DF Mean Square FVa.lue 
. · • . 

5 8.70370370 1.74074074 22.36 <.0001 

2 0.12037037 0.06018519 0.77 0.4678 

2 4.50925926 2.25462963 28.96 <.0001 

. . 
M:eans with the same I¢tf~r:al-e not significantly• .. 

ditfere•t. · 

A 1.11111 18 Forest2 

B 0.52778 18 G4H6 

B 

B 0.47222 18 G3H7 

Level of ·Plastic 

Prod.uct M:ean Std Dev 

Forest2 18 1.11111111 0.53013748 

G3II7 18 0.47222222 0.43630205 

G4H6 18 0.52777778 0.49918234 
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Worcester sauce flavor 

5 28.03703704 5.60740741 41.06 <.0001 

2 0.28703704 0.14351852 1.05 0.3583 
"''''' '>A 

Pr(>d~~t 2 6.25925926 3.12962963 22.92 <.0001 

,Means W;ith'the·same lett!I' are·uot~ignifi~antly 
different.. . · 

Mean 

A 1.6111 18 Forest2 

B 0.8889 18 G3H7 

B 

B 0.8889 18 G4H6 

Levelof W~rcester Sauce 

}>r()dlH~t Mean Std Dev 

Forest2 18 1.61111111 0.77754432 

G3H7 18 0.88888889 0.86696827 

G4B6 18 0.88888889 0.81449291 
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Soy sauce flavor 

S~ii·rc' 2 . ···.. . DJ? Type IUSS Mean Square )f Vafoe Pr> F 

Panel · · ···... 5 11.87037037 2.37401401 5.39 0.0006 
.··· 

~ei>Ii~~iorf 2 0.00925926 0.00462963 0.01 0.9895 

2 12.34259259 6.17129630 14.02 <.0001 

·.· ... • .. : ... ·.· . : . . . . 
1\feans with the.s;nueletter are not~ignifi.cantly 

. '. .. different. ·. ..... . .· 
""': "~· »·.:'."'···:.:.: . ·/· .. · .·.· ,; ' 

t Grouping Mea.n .· ~ Product 

A 1.8056 18 Forest2 

B 0.8056 18 G3H7 

B 

B 0.7778 18 G4H6 

Level of 
Product N Std Dev 

Forest2 18 1.80555556 1.01661041 

G3H7 18 0.80555556 0.62164130 

G4H6 18 0.77777778 0.64676167 
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Herb flavor 

5 16.48611111 3.29722222 27.93 <.0001 

2 0.33333333 0.16666667 1.41 0.2545 

Produci .·. 2 1.69444444 0.84722222 7.18 0.0020 

l\1ea,ns with tile s~niel~tter ~~e notsig•dticaptly 
ttiffereiat. · 

A 1.1111 18 Forest2 

B 0.7500 18 G4H6 

B 

B 0.7222 18 G3H7 

Level of 
PrQduct N l\fean 
Forest2 18 l.11111111 0.65429701 

G3Il7 18 0.72222222 0.66911316 

G4H6 18 0.75000000 0.64739296 

268 



Wood flavor 

o''-,·.· ,• 

Mean Square FValue . Pr>F .... 

.Panel, ' 5 5.59722222 1.11944444 10.81 <.0001 

0.01388889 0.13 0.8748 

Pfoc:l~~t > ... · 2 2.19444444 1.09722222 10.60 0.0002 

A 1.0278 18 Forest2 

B 0.6667 18 G3H7 

B 

B 0.5556 18 G4H6 

Level of Woody 

Prod net N Mean Std Dev 

):l'orestl 18 1.02777778 0.43630205 

G3U7 18 0.66666667 0.38348249 

G4U6 18 0.55555556 0.51130999 

269 



Iron flavor 

$9ij~ee TypelllSS FValU:e 
.... 

.. DF · M:ean Sq!J.~re Pr>F 
·.· 

P#~el· .... , ... ·· 5 3.98148148 0.79629630 8.56 <.0001 

1Jep11~atioii · 2 0.00925926 0.00462963 0.05 0.9515 

Prolluet 2 0.73148148 0.36574074 3.93 0.0268 

M:eans 'Witli ,be ~aUi~letter~~frenotsig11ifl¢~u1tly 
· ·· ·· · different. · 

0.8056 18 Forest2 

A 

B A 0.6111 18 G4H6 

B 

B 0.5278 18 G3H7 

Level of 
Pro'1'1<!t Mean Std Dev 

0.80555556 0.38877216 

18 0.52777778 0.40118289 

18 0.61111111 0.40422604 
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Degrees Brix 

·. 

J)F lyitei«~s 
.. .. 

p.:>F Source . !.: ! · UeaJi Sql!t)re FVillue . 
! 

Replication 2 0.22222222 0.111 1 111 1 4.00 0.1111 

ProdU:Ct 2 10.05555556 5.02777778 181.00 0.0001 
.. 

Me~)ls w'th the .. sa!D~!~t!~rar~1'.o(signific11ntli 
4JlJ~t¢J1t~' 

A 81.8333 3 G3H7 

B 80.0000 3 G4H6 

c 79.3333 3 Forest2 

Product 
Forest2 3 79.3333333 0.28867513 

G3H7 3 81.8333333 0.28867513 

G4H6 3 80.0000000 0.00000000 
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L* value 

', 

DF 
. . 1 Mei\n Square 

.... 

soui-te·. Type1US$ FValue Pr>F 
.. 

J,teplication 4 71.2257733 17.8064433 1.01 0.4565 
. 

Product. 2 33 I .4068933 165.7034467 9.40 0.0079 

. . . . . 
Means with the same letter are not significantly 

.•· . . dift'e]'~!lt. .· 

tGrouping 
·. ..· .... 

A 43.556 5 Forest2 

A 

A 43.388 5 G4H6 

B 33.502 5 G3H7 

LeV:elof 
Product Std Dev 

Fores fl 5 43.5560000 7.00081281 

G3ll7 5 33.5020000 I .66775898 

G4H6 5 43.3880000 1.12664103 
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a* value 

. .· 

S(JU.rce DF 

Replicjation · 4 5.5050000 1.3762500 0.83 0.5427 
.·. 

Protbict 2 254.5516933 127.2758467 76.66 <.0001 

~e~ys .wit§ the ~~..-.~iJett~~ifte 1t9tslglltf.~4t~Y · · · · ·· · differelil. ·. ·· · 

A 14.1240 5 Forest2 

B 7.3860 5 G3H7 

c 4.2500 5 G4H6 

Level of a 
,, ', '' >' 

Product Mean Std Dev 

1.18803619 

5 7.3860000 0.48552034 

G4H6 5 4.2500000 1.74636766 
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b* value 

. 

So"'-t~e •···· DF Type UI SS Me~nSqua~ FValue. Pr>F 

11.085643 1.07 0.4328 

2 2327.940173 1163 .970087 111.95 <.0001 

'.. .. . . ,/ . ·. . . . . .·. ·.·. 

tGrouping J\fean .. N Produd ·· 
A 60.700 5 Forest2 

B 40.694 5 G4H6 

c 30.742 5 G3H7 

Product .StdDev 

5 60.7000000 4.25756973 

·fi3Il1 5 30.7420000 0.26536767 

G4H6 5 40.6940000 3.69913233 
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9. Sensory profiles of Thai honey based on clusters for every attribute 

Viscosity 

Source DF ' TypeIUSS Mean Square FValue Pr>F 

cluster 7 30.66945265 4.38135038 9.66 <.0001 

'c;:~ :· ' ' ,. ": . ·," 

Means with the sa)lle Je~r are not signitlc~ntly 
differ~nt •. 
... · .· . 

. . 
Duncan Gr«>uping cluster Mean N 

·. 

A 12.0533 3 2 

A 
··--- --

A 11.5467 3 3 

A 
----· ----·~--

B A 10.8133 3 6 

B A 

B A 10.7443 7 1 

B 

B 10.1200 5 8 

B 

B 9.8533 3 7 
--

--
c 8.5000 1 4 

c 
c 7.9050 2 5 

.· .·· ·. 

Level of. Viscosity 

cluster N Mean Std Dev 

1 7 10.7442857 0.80580926 

2 3 12.0533333 0.15176737 

3 3 11.5466667 0.68922662 

4 I 8.5000000 

s 2 7.9050000 0.21920310 

6 3 10.8133333 0.12503333 

7 3 9.8533333 1.06922090 

8 5 I 0.1200000 0.58258047 
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Sweetness 

Souree DF TypeIDSS Mean Square FValue Pr>F 
.· 

cl lister 7 0.9164201 I 0.13091716 3.53 0.0135 

Means with the same !etter al'e not significantly. 
differeut• .. 

Duncan Grouping ·. Mean N cl!tster 

A 7.9600 5 8 

A 

B A 7.7600 2 5 

B A 

B A 7.7229 7 1 

B A 

B A c 7.6767 3 6 

B A c 
B A c 7.6133 3 7 

B A c 
B A c 7.6100 3 3 ~ 

B c 
B c 7.4200 1 4 

c 
c 7.3133 3 2 

Level of Sweetness 

cluster N Mean Std Dev 

l 7 7.72285714 0.24108880 

2 3 7.31333333 0.16441817 .· 

3 3 7.61000000 0.21702534 . 

4 I 7.42000000 

s 2 7.76000000 0.09899495 

6 3 7.67666667 0. I I 930353 

7 3 7.61333333 0.19502137 

8 5 7.96000000 0. 15329710 
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Sourness 

Source DF Typemss Mean Sq11are FValue Pr>F 

cluster 7 5.01195677 0.71599382 73.64 <.0001 

·. 

Means with •the same .Jetter are not significantly 
different. ... ·· 

Duncan Grouping Mean N cluster 

A 2.83000 1 4 

B 1.17667 3 7 

B 

c B 1.01500 2 5 

c 
c 0.97200 5 8 

c 
--------· 

c 0.94667 3 6 

c 
c 0.82286 7 1 

D 0.53667 3 2 

D 

D 0.46333 3 3 

Level of Sourness .. 

cluster N Mean Std Dev 

1 7 0.82285714 0.07250616 
.· 

2 3 0.53666667 0.04041452 
. 

3 
.. 

3 0.46333333 0.04041452 . 
4 1 2.83000000 

5 2 1.01500000 0.06363961 

6 3 0.94666667 0.04618802 

7 3 1.17666667 0.06350853 

8 5 0.97200000 0.18047160 
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Bitterness 
·. .· 

sour~~ ])F Typemss Mean Square FValue Pr>F 

cJuste~ 7 3.56537963 0.50933995 27.00 <.0001 

·. . . . 
M~ns Witll.tbe sa)1le.fette1' are not significantly 

·.· . different. .. 

DlJ.nca11 Grouping Mean ·. N cluster .· 

A 1.5833 3 6 

B 1.3050 2 5 

c 0.9700 3 7 

c 
c 0.7900 5 8 

c 
c 0.7900 7 1 

D 0.4200 1 4 

D 

D 0.4167 3 3 

D 

D 0.3633 3 2 

Level of Bitterness 
.. 

cluster N Mean Std Dev 

l 7 0.79000000 0.17349352 

2 3 0.36333333 0.05507571 

3 3 0.41666667 0.08504901 

4 I 0.42000000 

5 2 1.30500000 0.23334524 

6 3 1.58333333 0.10263203 
··-

7 3 0.97000000 0.05196152 

8 5 0.79000000 0.13820275 
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Saltiness 

Source DF Type Ill SS .Mean Square FValue Pr>F 
•. 

cluster 7 0.06838667 0.00976952 3.99 0.0076 

Me.ans with the sa.me letter .are not significantly 
different. 

.. 

Duncan Grouping .· Me.an N cluster 

A 0.33000 I 4 

A 

A 0.31200 5 8 

A 

B A 0.29667 3 7 

B A 

B A c 0.29000 2 5 

B A c 
B D A c 0.24000 3 6 

B D c 
B D c 0.21000 7 I 

D c 
D c 0.19333 3 2 

D 

D 0.18667 3 3 

. 
Saltiness Level·of .. . 

cluster N Mean Std Dev 

1 7 0.21000000 0.03415650 

2 3 0.19333333 0.04618802 
•. 

3 3 0.18666667 0.08621678 
.· 

4 1 0.33000000 

5 2 0.29000000 0.09899495 

6 3 0.24000000 0.03464102 

7 3 0.29666667 0.04163332 

8 5 0.31200000 0.03420526 
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Perfume flavor 

So:urce DF: Typemss Me11;llSquare F: Value Pr>F: 

duster 7 0.68246709 0.09749530 8.29 0.0001 

·. . . ·. . . 
Means with the s~Ol'e:J~~rat;e IJOt significa:ntly 

. . · different. · · 
·. ' . 

Dullcan Groupin~ Mean N cluster 

A 1.72000 1 4 

A 

A 1.71000 2 5 

A 

B A 1.54333 3 6 

B A 

B A 1.54200 5 8 

B A 

B A 1.51333 3 7 

B 

B 1.46571 7 / 1 

c 1.19333 3 3 

c 
c 1.19333 3 2 

·. 

Level of ', 
Perfume 

cluster N Mean Std Dev 

1. 7 1.46571429 0.13163803 

2 3 1.19333333 0.05507571 

3 3 1.19333333 0.12662280 

4 1 1.72000000 

5 2 1.71000000 0.09899495 

6 3 1.54333333 0.15373137 

7 3 1.51333333 0.08082904 

8 5 1.54200000 0.05310367 
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Fruit flavor 
' 

Sour« DF Type ID SS Mean Square FValue Pr>F 

cluster 7 4.60255280 0.65750754 21.32 <.0001 

Means Wit.b. the saJl1e Jetter are not significantly 
. ·' 

different. 

Duncan Grouping ·' Mean N duster 

A 2.5300 1 4 

B 2.1000 2 5 

B 

c B 1.8767 3 7 

c B 

c B 1.8720 5 8 

c 
~·---· -

c D 1.6033 3 6 

D 

D 1.4814 7 1 

E 1.1033 3 2 

E 

E 0.8233 3 3 

Level of Fruit .: .. 

cluster N Mean Std Dev . 

1 7 1.48142857 0.20456691 

2 3 I .I 0333333 0.20840665 

3 3 0.82333333 0.11060440 

4 I 2.53000000 

5 2 2.10000000 0.09899495 

6 3 1.60333333 0.19604421 

7 3 1.87666667 0.18448125 

8 5 1.87200000 0.13103435 
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Flora flavor 
. · .. 

Source DF Typemss Mean Square FValue Pr>F 
·. 

cluster 7 1.56806455 0.22400922 6.47 0.0005 

Means.with. the ~~me letter. are.not signi{ican~ly 
·different. · · · 

....... 

Mean. N cluster 

A 2.0100 3 2 

B 1.6071 7 1 

B 

B 1.5667 3 6 

B 

c B 1.4900 3 7 

c B 
--- -~ -""-

c B 1.4200 1 4 

c B 

c B 1.3100 5 8 

c B 

c B 1.2800 2 5 

c 
c 1.1300 3 3 

. Flora Level of . 
I• . · 

chi st er N Mean Std.Dev 

1 7 1.60714286 0.19180844 

2 3 2.01000000 0.28053520 

3 3 1.13000000 0.03464102 

4 1 1.42000000 

5 2 1.28000000 0.15556349 

6 3 1.56666667 0.29569128 

7 3 1.49000000 0.17088007 

8 5 1.31000000 0.07035624 
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Jasmine flavor 

Source DF Typemss Mean Square FValue Pr>F 

cluster 7 15.78380169 2.25482881 19.72 <.0001 

.• . 
Mean~ with th¢ Sjlme letter are not significantly 

different . 
. .. 

J>unca~ Gr9uping Mean.· 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

Level of 
cluster 

.. 

A 

B 

B 

B 

B 

B 

B 

B 

B 

B 

N 

1 7 

2 3 

3 3 

4 1 

5 2 

3.5833 

1.8086 

1.3333 

1.3233 

1.1600 

1.1240 

0.9700 

0.8500 

·. · . 
.Jasmine 

.. 

Mean 

1.80857143 

3.58333333 

1.33333333 

0.97000000 

0.85000000 

N cluster 

3 2 

7 1 

3 3 

3 6 

·-

3 7 

5 8 

1 4 

2 5 

Std Dev 

0.45769089 

0.43650124 

0.15176737 

0.05656854 
-·----+-------l 

6 3 1.32333333 0.31182260 
1------+--+--------j-------~ 

7 3 1 .16000000 0.32511536 

8 5 1.12400000 0.14099645 
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Cotton candy flavor 

Source DF Type III SS 
.. 

Mef;U:t Square FVtilue Pr>F 

cluster 7 1.37731598 0.19675943 2.97 0.0277 
.· 

Means JVitlf the s1tille le~~ ~re .llot slgpificantly 
. differ~nt. · . ·'·'· . .· 

Duncan Grouping Mean N cluster 

A 2.0467 3 2 

A 

A 1.9243 7 1 

A 

A 1.8800 3 3 

A 

A 1.7060 5 8 

A 
~-

A 1.5700 3 6 

A 

A 1.5400 2 5 

A 

A 1.5367 3 7 

B 1.0300 1 4 

.· 
.· Cotton Candy LeveJof .. 

cluster N . Mean Std Dev 

1 7 1.92428571 0.31261569 
- . --

2 .. 3 2.04666667 0.04163332 

3 3 1.88000000 0.23515952 

4 1 1.03000000 

5 2 1.54000000 0.14142136 

6 3 1.57000000 0.12529964 

7 3 1.53666667 0.21007935 

8 5 1.70600000 0.32300155 
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Butterscotch flavor 
.. 

M;eanSquare Source DF Type Ill SS FValue Pr>F ... : 

elusfer 7 2.68340566 0.38334367 3.04 0.0254 

··.· 

. ~~lls with the $atne le~r .are nohignifie3ntly 
· : different 

.·. ' ' 

Duncan Grouping Mean .. N cluster 
', ',' , ' 

A 3.6940 5 8 

A 

B A 3.3233 3 7 

B A 

B A 3.2971 7 I 

B A 

B A 3. I 933 3 6 

B A 
.. ··~ f-·--·-· --

B A 3.1250 2 5 

B A 

B A 3.0667 3 3 

B 

B 2.9367 3 2 

c 2.1400 I 4 

Leve)()( Butterseoteh ·.• 
.··· 

cluster N Mean Std Dev 
.· 

1 7 3.29714286 0.20180141 

2 3 2.93666667 0.11590226 

3 3 3.06666667 0.43385866 . 

4 1 2.14000000 

5 2 3.12500000 0.68589358 

6 3 3.19333333 0.18147543 

7 3 3.32333333 0.40673497 

8 5 3.69400000 0.46976590 
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Molasses flavor 
. . .· .... . 

iPr>F Source DF ·TypeWSS Mea,n Square I? Value . 
cluster 7 5.37958598 0.76851228 9.73 <.0001 

Means with· the sameJettei:;a:re.not sig~ifi~ai.t;ty. 
· different. · ·· . · · · · . . . ~.. . ... 

.. 

Duncan Grouping M~an N .cl11ste.r 

A 3.5600 1 4 

A 

A 3.5200 3 7 

A 

A 3.3500 5 8 

A 

B A 3.0167 3 6 

B 

B c 2.7350 2 5 

B c 
B c 2.7243 7 I 

c 
D c 2.3800 3 3 

D 

D 2.1567 3 2 

·. 

Level.of Molasses .... 

cluster N M~a,n Std Dev .. · . 

1 7 2.72428571 0.19890175 
.•· 

·-

2 3 2.15666667 0.16441817 

3 3 2.38000000 0.21633308 

4 1 3.56000000 

5 2 2.73500000 0.37476659 

6 3 3.01666667 0.19553346 

7 3 3.52000000 0.21000000 

8 5 3.35000000 0.44994444 
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Coffee flavor 

Source DF Type Ill SS Mean Square FVlllue Pr>F . ·.· 

duster 7 2.07660677 0.29665811 1.77 0.1523 
-· 

. ·-

M:eans \Vitij tile same letter are nofsig;nific~ntly 
. ' 

different . :: 
. _Duncan (jr0,nping • Mean N 

. 
cluster 

A 1.9267 3 2 

A 

A 1.9067 3 3 

A 

B A 1.6271 7 1 

B A 

B A 1.5467 3 6 

B A 

B A 1.3900 3 7 

B A 

B A 1.3620 5 8 

B A 

B A 1.0700 2 5 

B 

B 0.8300 1 4 

·- Coffee Level of --· .. 

~luster. N M~an Std Dev 

1 7 1.62714286 0.26550043 

2 3 1.92666667 0.09073772 

3 3 1.90666667 1.11230991 

4 1 0.83000000 

5 2 1.07000000 0.05656854 
-· 

6 3 1.54666667 0.02886751 

7 3 1.39000000 0.03000000 
·. 

8 5 1.36200000 0.25674890 
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Dried fruit flavor 

Source lDF TypeIIISS Mean Square FValue l'r>F 
.. 

•. ! 
cluster I 7 4.50505857 0.64357980 18.66 <.0001 

M~an:s lrith th~ sameJ~tter are not significantly 
different. · 

Duncan Grouping Mean N cluster 

A 2.2200 l 4 

A 

B A 2.0150 2 5 

B 

B c 1.8060 5 8 

B c 
B c 1.7600 3 7 

c 
D c 1.5567 3 6 

D 

D 1.3943 7 1 

E 0.9833 3 2 

E 

E 0.7033 3 3 

Level of 
.· Drit«J Fruit 

y 

cluster N Mean Std Dev 
.· 

1 7 1.39428571 0.13513662 

2 3 0.98333333 0.13650397 

3 3 0.70333333 0.13650397 

4 l 2.22000000 

5 2 2.01500000 0.37476659 

6 3 1.55666667 0.13503086 

7 3 1.76000000 0.11532563 

8 5 1.80600000 0.25870833 
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Medicine flavor 

Source DF TypeWSS · M~an ~quare FValue .Pr>F 
.. 

clustet 7 4.14663344 0.59237621 18.40 <.0001 

·. 

Meaq~ with· the sa'°'eJe~r are not signific3ntly 
· · · t,tjfferenf . · · 

.·· 

Duncan Grouping . . Mea11 .. N cl lister 

A 1.9800 3 6 

A 

B A 1.7200 2 5 

B 

B c 1.4900 3 7 

c 
c 1.2800 1 4 

c 
c 1.1560 5 8 

c 
c 1.1429 7 1 

D 0.7367 3 2 

D 

D 0.6633 3 3 

. .. 

Level of. ·. ·Medicine 
.. 

cluster N Mean Std Dev 

1 7 1.14285714 0.23019660 

2 3 0.73666667 0.08082904 

3. 3 0.66333333 0.04618802 

4 l 1.28000000 

5 2 1.72000000 0.19798990 

6 3 1.98000000 0.28053520 

7 3 1.49000000 0.03464102 

8 5 1.15600000 0.13921207 
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Ferment flavor 

Sou.rce :OF Typeinss. Mean Square FValue Pr>F 

cluster 7 4.35442788 0.62206113 24.32 <.0001 

.. 

Means with the saipe Jetter are not significantly 
different. 

.. 

Duncan Grouping Mean N cluster 

A 2.5300 1 4 

B 1.5850 2 5 

B 

B 1.5467 3 7 

B 

c B " 1.3133 3 6 

c 
c 1.1840 5 8 

c 
c 1.0071 7 1 

D 0.6733 3 2 

D 

D 0.6700 3 3 

. 

Level of Feripent 

cl.uster N Mean Std Dev ·. 

1 7 1.00714286 0.16928421 

2 3 0.67333333 0.13650397 

3 3 0.67000000 0.00000000 

4 I 2.53000000 

5 2 1.58500000 0.07778175 

6 3 1.31333333 0.05686241 

7 3 1.54666667 0.30072135 

8 5 1.18400000 0.14432602 
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Plastic flavor 

Source DF TypeIIlSS :Mean square FValUe Pr>F 

cluster 7 5.61213820 0.80173403 11.86 <.0001 

Means with tbe sam~Jetterare J'lf.)t slgnifi~antty 
. • · d,if;feren.t. · ·· . . . .· . . .. · 

Du.ncan Grouping . Mean N cluster 

A 2.1700 3 6 

B 1.6000 2 5 

B 

c B 1.3900 1 4 

c B 

c B 1.2967 3 7 

c 
~·-· 

c D 1.0757 7 1 

c D 

c D E 0.9540 5 8 

D E 

D E 0.7400 3 2 

E 

E 0.5100 3 3 

· .. 
Plastic. Level of . · .. 

cluster N Mean Std Dev 

1 7 1.07571429 0.24764606 

2 3 0.74000000 0.14106736 
. 

3 3 0.51000000 0.03464102 
.. 

4 l 1.39000000 

s 2 1.60000000 0.45254834 

6 3 2.17000000 0.50000000 

7 3 1.29666667 0.18823744 

8 5 0.95400000 0.15693948 
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Worcester sauce flavor 

Source Dlf TypellISS MeanSquar~ FValue Pr>F 
.: ... 

cluster 7 8.36459788 1.19494255 49.96 <.0001 

Means with the sam~ l~tter 3re npt significantly 
, , ·different 

.· 
Duncan Grouping Mean N cluster 

A 3.5600 1 4 

B 2.2233 3 7 

B 

c B 1.9600 2 5 

c 
c 1.7400 3 6 

c 
··-

c 1.6800 5 8 

D 1.3229 7 1 

E 1.0333 3 2 

E 

E 0.8900 3 3 

. ·. .. 

Lev~t()f. 
Worcester Sauce 

· .. . 

cluster N •Mean Std Dev 
.• 

l 7 1.32285714 0.19788164 

2 3 1.03333333 0.13650397 

J 3 0.89000000 0.00000000 

4 1 3.56000000 

5 2 1.96000000 0.21213203 

6 3 1.74000000 0.15524175 

7 3 2.22333333 0.05507571 

8 5 1.68000000 0.14404860 
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Soy sauce flavor 

Source DF Type HISS Mean Sq11are FValue Pr>F 
.. 

cluster 7 2.91640169 0.41662881 11.91 <.0001 

Means with the samel~«l'r .are .not significantly 
· · .lliffere11t. · 

·. · .. 

. • . . •· Duncan Grouping Mea)l N 
',A': '. '" 

cluster 

A 2.0800 l 4 

A 

A 2.0633 3 7 

B 1.6933 3 6 

B 

B 1.6060 5 8 

B 
-·-- ----

c B 1.5300 2 5 

c B 

c B 1.4586 7 1 

c 
c D 1.1667 3 2 

D 

D 0.8900 3 3 

·. 

Level.of Soy Sauce 
.· ...• .· . 

cluster N Mea.n Std Dev 
.· .. 

l 7 1.45857143 0.24484203 
-~ 

l 3 1.16666667 0.09712535 

3 3 0.89000000 0.16522712 

4 l 2.08000000 

5 2 1.53000000 0.04242641 

6 3 1.69333333 0.11930353 

7 3 2.06333333 0.20599353 

8 5 1.60600000 0.17038192 
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Herb flavor 
. . .. · 

.Source DF Type ID SS Mean Square FValue Pr.>F 
. . .. 

cluster 7 1.27572233 0.18224605 14.18 <.0001 

- ·. . . . : .·· 

1\feans Wjth !Ile sameJe.tter a,re not significantly 
. . . 4ifferent · . •· .. . · . 

Duncan Grouping Mean N cluster .. 

A 1.6400 1 4 

A 

B A 1.4300 2 5 

B 

B c 1.2867 3 7 

B c 
B c D 1.2100 3 6 

c D 
-·---~ -· ·-

c D 1.1160 5 8 

D 

E D 1.0129 7 I 

E 

F E 0.8167 3 2 

F 

F 0.7667 3 3 

·. 

Level of 
. Herb 

cluster 
·. 

N Mean Std Dev 

1 7 1.01285714 0.14115173 

2 3 0.81666667 0.10016653 

3 3 0.76666667 0.05686241 

4 1 1.64000000 

5 2 1.43000000 0.09899495 

6 3 1.21000000 0.14106736 

7 3 1.28666667 0.08736895 

8 5 1.11600000 0.09126883 
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Wood flavor 

Source DF TypefilSS Mean Square F.Value Pr;>F 

cluste.r 7 0.96250344 0.13750049 14.95 <.0001 

Means wit~ the same letter are potsignificantly 
', ' ,',' ' ',-,,,,,, ,,, ' / 

different. .· · .. 
·.· 

Duncan ·Grouping Meau N cluster 

A 1.19500 2 5 

A 

B A 1.11000 3 6 

B 

B 1.00333 3 7 

B 

B 1.00000 1 4 

B 
~-----~-

B 0.95000 5 8 

c 0.76286 7 1 

c 
c 0.62333 3 3 

c 
c 0.60333 3 2 

.. 

Level9f W9ody . . -
.· . ·. 

cluster N Mean Std Dev . . .. 

1 7 0.76285714 0.11729085 . 

' 2 3 0.60333333 0.09073772 
.. 

3 3 0.62333333 0.05686241 
. 

4 l 1.00000000 

5 2 1.19500000 0.03535534 

6 3 1.11000000 0.09848858 

7 3 1.00333333 0.07371115 

8 5 0.95000000 0.09721111 
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Iron flavor 

Source DF 'fypelll SS Meall Square FValue Pl'> F 

clu~t~r 7 0.41993820 0.05999117 7.56 0.0002 

Mea1ts Wit~ tbe salJle Je~t a,re nqt significantly 
. ··· ... 

different. 
.. .· 

. 

Dugc~n Qrouptl!g Me.an N .cluster 

A 1.03000 2 5 

A 

B A 0.94333 3 6 

B 

B c 0.80333 3 7 

c 
c 0.70600 5 8 

c 
c 0.69571 7 1 

c 
c 0.64000 1 4 

c 
c 0.62000 3 3 

c 
c 0.62000 3 2 

. 
Level of Irqn .. 

·. 

cluster I .N Mean Std Dev 

1 7 0.69571429 0.06267832 

2 3 0.62000000 0.01732051 ·. 

3 3 0.62000000 0.09539392 
·. 

4 1 0.64000000 
·-

5 2 1.03000000 0.00000000 
-~--

6 3 0.94333333 0.12662280 

7 3 0.80333333 0.10263203 

8 5 0.70600000 0.11760102 
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1 O.Sensory profiles of Thai honey based on clusters for 20 attributes 

Sourness 

source DF Type ID SS Mean Square FValue Pr>F 

clu$ter 7 5.10094177 0.72870597 144.59 <.0001 

. · ... 
M~ans.:witb.tbe.sameletter are nQtsignificantly 

.. .. djfferent. .· 

Duncan Grouping Mean N cluster 

A 2.83000 1 5 

B 1.19500 4 8 

c 0.97400 5 6 

c 
D c 0.90250 4 7 

D 

D 0.82286 7 1 
·-----·---- ···------

E 0.53667 3 2 

E 

E 0.50000 1 3 

E 

E 0.44500 2 4 

Lev.el of 
Sourness 
,~-

. .. 
cluster N Mean. Std Dev 

1 7 0.82285714 0.07250616 

2 3 0.53666667 0.04041452 

3 1 0.50000000 
.. 

4 2 0.44500000 0.03535534 

s I 2.83000000 

6 5 0.97400000 0.05899152 
---

7 4 0.90250000 0.10594810 

8 4 1.19500000 0.06350853 
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Bitterness 
.. < . 

Sottrce DF 'fypelll$S M~n.Squate FVallle Pr>F 

clustet 
.··. 

7 3.42928296 0.48989757 18.82 <.0001 

. Duncan Grouping . Mean N. cl.u8ter 

A 1.4720 5 6 

B 0.8875 4 8 

B 

c B 0.8275 4 7 

c B 

c B 0.7900 7 I 

c 
-·~· 

c D 0.5000 1 3 

D 

D 0.4200 I 5 

D 

D 0.3750 2 4 

D 

D 0.3633 3 2 

' Bitterness Level.of 
cluster N Mean Std Dev 

l 7 0.79000000 0.17349352 

2 3 0.36333333 0.05507571 

3 1 0.50000000 

4 2 0.37500000 0.06363961 

5 I 0.42000000 

6 5 1.47200000 0.20523158 

7 4 0.82750000 0.12685293 

8 4 0.88750000 0.17036725 
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Saltiness 
. . . 

Soutc.e DF 'TypefilSS Mean Square FValue Pr>F 

cluster 7 0.06537500 0.00933929 3.59 0.0125 .. 

Means •With tllesalllel~ttetate not significantly 
.· . 4iffete-.t ... .· < 

Dunean <itouping Me~n N cluster .· 
·. 

A 0.33000 1 5 

A 

B A 0.30750 4 7 

B A 

B A 0.30500 4 8 

B A 

B A c 0.26000 5 6 

B c 
B c 0.21000 7 1 

B c 
B c 0.19500 2 4 

B c 
B c 0.19333 3 2 

c 
c 0.17000 1 3 

.· 

Level of ·. 
Sa!tmess . ·. 

cluster N ·.: Mean ·stdDev 

l 7 0.21000000 0.03415650 

2 3 0.19333333 0.04618802 

3 l 0.17000000 

4 2 0.19500000 0.12020815 

s l 0.33000000 
.. 

6 5 0.26000000 0.06164414 

7 4 0.30750000 0.03774917 

8 4 0.30500000 0.03785939 
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Perfume flavor 

Source TypeWSS 
,> '.' ,-; ' ,,' ,' ,, 

... FValne DF Mean··square Pr.>.F 
.·.· .. ·.···.· .. . ... 

cluster 7 0.67562209 0.0965 I 744 7.96 0.0001 

Means· With tbe~altl~ l~ttc~~ 3rt )\~~.s.ig~iflel!iitly 
· different. · · · · · · ·· 

.... 

Du11call Grouping N. cluster 

A 1.7200 I 5 

A 

B A 1.6100 5 6 

B A 

B A c 1.5325 4 7 

B A c 
B A c 1.5300 4 8 

B c 
~··~·-+----~-+-·~-~~1-~~~t----+-~~----J 

B c 1.4657 7 I 

c 
D c 1.3300 I 3 

D 

D 1.1933 3 2 

D 

D 1.1250 2 4 

. .· 

Level of .Perfum" .. 

cluster· N Mean Std.Dev . 
1 7 1.46571429 0.13163803 

2 3 I.I 9333333 0.05507571 

3 I I .33000000 

4 2 I .12500000 0.06363961 

5 I I .72000000 

6 5 I .61000000 0.15033296 

7 4 I .53250000 0.05619905 

8 4 1.53000000 0.07393691 
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Fruit flavor 
: . 

Sou re~ DF TypeIUSS MeanSqua.re FValue Pr>F 
.. ···.· 

cluster·· 7 4.32752780 0.61821826 13.64 <.0001 

.·. 

Means~tlt t~esaipe.J~tWr: JU'e IJOt $1Bnificantly 
. · different. · ' · 

.·. . . : :· ... · .. .... . 
·. 

Duncan. Grouping M~an 1 N cluster 

A 2.5300 I 5 

B 1.8825 4 7 

B 

B 1.8650 4 8 

B 

B 1.8020 5 6 

B 
~·---· 

c B 1.4814 7 I 

c 
c D 1.1033 3 2 

D 

D 0.9400 I 3 

D 

D 0.7650 2 4 

Level of ·. Fruit 

cluster N Mean. Std Dev 

1 7 1.48142857 0.20456691 

2 3 I. I 0333333 0.20840665 
·.· 

3 I 0.94000000 

4 2 0.76500000 0.06363961 

5 1 2.53000000 

6 5 1.80200000 0.30930567 

7 4 I .88250000 0.14885675 

8 4 1.86500000 0.15242484 
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Flora flavor 
.. 

SQuree DF Typelll~S Mean Square FValue Pr>F 

el11ster 7 I.453I5I22 0.20759303 5.10 0.002I 

. . .. · .•.... ·.·· ·.·. ·· .. · .... 
Means with the same letter are not signif.leaJitly: 

. ··· .. ·different,; . ,_ '' '," .. 

Duncan Grouping ·Mean N clu~ter 

A 2.0100 3 2 

A 

B A 1.6071 7 1 

B 

B c 1.4520 5 6 

B c 
B c 1.4500 4 8 

B c 
-

B c 1.4200 1 5 

B c 
B c 1.3050 4 7 

B c 
B c 1.1700 1 3 

c 
c 1.1100 2 4 

Lel'elof .· Flora. 
... ·.• 

cluster N Mean Std Del' 
·. 

;( 7 1.60714286 0.19180844 

2 3 2.01000000 0.28053520 

3 l 1.17000000 

4 2 I. I I 000000 0.00000000 

5 I I .42000000 

6 5 1.45200000 0.27280029 

7 4 I .30500000 0.08020806 

8 4 1.45000000 0.16083117 
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Jasmine flavor 
. . . .· 

source. DF Typemss 1\Jean Square FVa.lue Pr>F 

clQ$tet:···· 7 15 .55498503 2.22214072 17.58 <.0001 

... •··. .· ..... · .... 
MeDn~ ~tit tile sa"l~. letter are not sig)Jifif.!antly .• 

· · · · differ4,1nt. · 
.. . .. 

:N Du)lc81l .Grouping Mean cluster 

A 3.5833 3 2 

B 1.8086 7 I 

B 

c B 1.4150 2 4 

c B 

c B 1.1700 I 3 

c B 
~·---~ 

c B 1.1550 4 7 

c B 

c B 1.1340 5 6 

c B 

c B 1.1200 4 8 

c 
c 0.9700 I 5 

.. . 
Level of . · 

JDsmine .. . . 
cluster N ·Mean Std.Dev 

l 7 1.80857143 0.45769089 
.· 

2 3 3.58333333 0.43650124 

3 1 1.17000000 ·. 

4 2 1.41500000 0.07778175 

5 1 0.97000000 
-· 

6 5 1.13400000 0.34151135 

7 4 1.15500000 0.14177447 

8 4 1.12000000 0.27724838 
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Cotton candy flavor 

So11rce DF Type III SS Mean Sq11are FValue Pr>F 

cluster 7 1.46007265 0.20858181 3.37 0.0164 

l\'leansJvith tbe same letter are not significantly 
different. · 

·. .· . · . 

Dun()an Groupi~g Mean N cluster 

A 2.0467 3 2 

A 

A 2.0000 2 4 

A 

A 1.9243 7 1 

A 

A 1.7225 4 7 

A 

A 1.6400 1 3 

A 

A 1.5625 4 8 

A 

A 1.5580 5 6 

B 1.0300 1 5 

·. 
Cotfon Candy . 

Level.of' <''· 
,·' ,,, ,, ,_' ,' ' 

f!luste~·· .. ·· ' . . .. . 
·std Dev N Me all 

1 .. 7 1.92428571 0.31261569 
·. 

2 3 2.04666667 0.04163332 
.. . .' 

3 .. ·. 
I 1.64000000 

' 

4 2 2.00000000 0.15556349 

5 I 1.03000000 

6 5 1.55800000 0.11454257 

7 4 1.72250000 0.37052890 

8 4 1.56250000 0.17914147 
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Butterscotch flavor 
.· .. .. 

Source DF Typell{SS MeanSqu3re FValue Pr>F 

cluster 7 3.62665566 0.51809367 6.77 0.0004 

. 

Means wit~tb.~ $~line 14'~r are 1iot.signifieantly 
I ··. <>.·, •.: differell.f. 

Dunca1lGrouping .. Me;m N cluster 
.. 

A 3.8875 4 7 

A 

B A 3.5300 1 3 

B 

B c 3.2971 7 1 

B c 
B c 3.2225 4 8 

B c 
B c 3.1660 5 6 

B c 
B c 2.9367 3 2 

c 
c 2.8350 2 4 

D 2.1400 1 5 

. 
Levelof Buttel'scotch · .... · .. ·· 

cluster·•··.·.· .· N Mean Std Dev 
. 

1 7 3.29714286 0.20180141 

2 3 2.93666667 0.11590226 . 
3 

. 
I 3.53000000 

.. 

4 2 2.83500000 0.23334524 

5 I 2.14000000 

6 5 3.16600000 0.36807608 

7 4 3.88750000 0.21124630 

8 4 3.22250000 0.38853357 
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Molasses flavor 

Source DF TypeIUSS Mean Sqtiare F.Value Pr>F 

cluster 7 5.27620765 0.75374395 8.93 <.0001 

Means "1th the salll~ letter are not significantly 
... · ·.· .... ··· . ·different. 

Duncan· Grouping Mean N .cluster 

A 3.5600 I 5 

A 

B A 3.4850 4 7 

B A 

B A 3.3425 4 8 

B 

B c 2.9040 5 6 

c 
D c 2.7243 7 I 

D c 
D c 2.4400 1 3 

D c 
D c 2.3500 2 4 

D 

D 2.1567 3 2 

I 

Level of Mo lass~ . .. . . 

cluster . N Mean··· Std Dev 
. · 

1 7 2.72428571 0.19890175 

2 3 2.15666667 0.16441817 

3 1 2.44000000 

4 2 2.35000000 0.29698485 
.· ·. 

s 1 3.56000000 

6 5 2.90400000 0.27933850 

7 4 3.48500000 0.38527047 

8 4 3.34250000 0.39423977 
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Coffee flavor 
. 

Source DF TypeIIlSS ' Mean Squ~re FValU:e Pr>F 
.· · .. 

cluster 7 4.27535011 0.61076430 11.78 <.0001 

Means with. the sam~ letter .are no! s.ignifieantly 
· · d•fferent. ·· · · · · · 

.. • < .. • . 
Duncan Grouping clllstel' Mean N .. 

A 3.1900 1 3 

B 1.9267 3 2 

B 

c B 1.6271 7 1 

c 
c 1.3900 4 7 

c 
-··--·----~· --

c 1.3560 5 6 

c 
c 1.3550 4 8 

c 
c D 1.2650 2 4 

D 

D 0.8300 1 5 

·.· . 
Level.of •• 

Coffee 
.··· . · .. 

cluster· N Mean Std Dev 
-

1 7 1.62714286 0.26550043 

2 3 1.92666667 0.09073772 

3 .· •· 1 3.19000000 

4. 2 1.26500000 0.06363961 

5 1 0.83000000 

6 5 1.35600000 0.26340084 
····--

7 4 1.39000000 0.28751812 

8 4 1.35500000 0.07416198 
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Dried fruit flavor 

Source DF TypelllSS Mean Square FValue Pr>F 
.·.· 

duster 7 4.32933690 0.61847670 14.14 <.0001 

.. Means with· the sall1eletter are not significantly 
··different. · 

.. · · . 

Duncan Grouping Mean N cluster 

A 2.2200 I 5 

A 

B A 1.8625 4 8 

B 

B c 1.7400 5 6 

B c 
B c 1.7150 4 7 

c 
--

D c 1.3943 7 I 

D 

D E 0.9833 3 2 

E 

E 0.8600 1 3 

E 

E 0.6250 2 4 

Level of Dried Fruit .. 

cluster N Mean Std Dev 
.. 

. 

l 7 1.39428571 0.13513662 
·. 

2 3 0.98333333 0.13650397 

3 1 0.86000000 

4 2 0.62500000 0.02121320 

5 1 2.22000000 

6 5 1.74000000 0.32749046 

7 4 1.71500000 0.18448125 

8 4 1.86250000 0.22559181 
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Medicine flavor 

Source DF Type Ill SS Mean Square FValue Pr:>F 

cluster 7 4.07192511 0.58170359 16. I 0 <.0001 

Me1Jns with the same JetNr are1tot significalltlt 
differen.t. · ·· ... · · .. ...... .. 

Duncan Grouping Mean N .cluster 

A 1.8760 5 6 

B 1.4450 4 8 

B 

B 1.2800 1 5 

B 

B 1.1429 7 1 

B 
-··· 

c B 1.1175 4 7 

c 
c D 0.7367 3 2 

D 

D 0.6900 1 3 

D 

D 0.6500 2 4 

Level of .. Medicine 
.· 

~Juster N Mean Std Dev 

1 7 1.14285714 0.23019660 

2 3 0.73666667 0.08082904 

J I 0.69000000 

4 2 0.65000000 0.05656854 

5 I 1.28000000 

6 5 1.87600000 0.26349573 

7 4 1.11750000 0.12632630 

8 4 1.44500000 0.09433981 
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Ferment flavor 

Source DF Type II] SS Mean Square FValue Pr>F 

cluster 7 4.27845122 0.61120732 20.67 <.0001 

Means witb the sam! .letter an~ nQt significantly 
: .. 

· differenL · · · · 
·. . . . . .. 

Duncan Grouping Mean N cluster .. · 

A 2.5300 I 5 

B I .5000 4 8 

B 

B 1.4220 5 6 

B 

c B 1.1400 4 7 

c 
-·· --
c D 1.0071 7 1 

D 

D 0.6733 3 2 

D 

D 0.6700 1 3 

D 

D 0.6700 2 4 

.. .. 

LeV:elof ·. Ferment . .. 

cluster N Mean StdD~v 
.··. 

l 7 I .00714286 0.16928421 

2 3 0.67333333 0.13650397 

3 I 0.67000000 

4 2 0.67000000 0.00000000 

5 1 2.53000000 

6 5 I .42200000 0.15896541 

7 4 1.14000000 0.12192894 

8 4 I .50000000 0.26267851 
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Plastic flavor 

Source j DF Type III SS Mean Squar~ 
1 

FValue Pr>J' 

cluster J 7 5.15949487 0.73707070 8.06 0.0001 

Means withtbe same letter are notsigl\ificantly 
different. 

. · .. 
Duncan Grouping Mean' N cluster 

A 1.9420 5 6 

A 

B A 1.3900 1 5 

B 

B 1.2225 4 8 

B 

B c 1.0757 7 l 

B c 
B c 0.9425 4 7 

B c 
B c 0.7400 3 2 

c 
c 0.5300 l 3 

c 
c 0.5000 2 4 

. 
Level of Plastic 

cluster 
. 

N Mean Std Dev 

1 7 1.07571429 0.24764606 
. -~ 

2 3 0.74000000 0.14106736 

3 1 0.53000000 . 
4 2 0.50000000 0.04242641 

5 1 1.39000000 

6 5 1.94200000 0.52313478 

7 4 0.94250000 0.17876894 

8 4 1.22250000 0.21360009 
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Worcester sauce flavor 

Source DF TypelU$.S Mean Square FValne Pr>F 
·. 

cluster 7 8.24800955 1.17828708 39.20 <.0001 

Mea,~s With tbes~One lefter are not sign.iticantly 

·. 
.. . ••...... , . aU'ferent. 

Dun~an Grouping Mean N cluster 

A 3.5600 1 5 

B 2.1325 4 8 

B 

c B 1.8280 5 6 

c 
c D 1.6350 4 7 

D 
--

E D 1.3229 7 1 

E 

E F 1.0333 3 2 

F 

F 0.8900 1 3 

F 

F 0.8900 2 4 

·. 

Level of Worcester Sance 
. 

cluster N Mean· Std Dev 
.• 

1 7 1.32285714 0.19788164 

2 3 1.03333333 0.13650397 

3 1 0.89000000 
.. 

4 2 0.89000000 0.00000000 

5 1 3.56000000 
...• ~---·--

6 5 1.82800000 0.19447365 
- . 

7 4 1.63500000 0.11902381 

8 4 2.13250000 0.18714967 
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Soy sauce flavor 

Source DF Typemss Mean SqJiare FValue Pr>F 

cluster 7 2.73242503 0.39034643 8.74 <.0001 

Means with the same l~ttel" are not significantly , 

' 
d~fferent. 

.. 
· .. .·. .... ..· 

Duncan. GrQuping Mean N cluster 
' . 

A 2.0800 l 5 

A 

A 1.9300 4 8 

A 

B A 1.6280 5 6 

B A 

B A 1.6250 4 7 

B 
·--· ·-~- --

B c 1.4586 7 1 

c 
D c 1.1667 3 2 

D c 
D c 1.0800 1 3 

D 

D 0.7950 2 4 

Level Qf SoySa,uce 
.·. 

cluster N ·Mean Std Dev 

l 7 1.45857143 0.24484203 

2 3 1.16666667 0.09712535 

3 l 1.08000000 

4 2 0.79500000 0.02121320 

5 l 2.08000000 

6 5 1.62800000 0.12477981 

7 4 1.62500000 0.19052559 

8 4 1.93000000 0.31527766 
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Herb flavor 
. . 

Source DF TyJ)eIUSS l\'fean Square FValue Pf>F 

cluster 7 1.24509566 0.17787081 12.29 <.0001 

M:eans with the $allle le~~ate not signifi~antly 
. · . · di{fere~t. .. 

. ··.• . . ..... .. . . . 
cluster Duncan Grouping M~n N 

.· .· 

A 1.6400 1 5 

B 1.2980 5 6 

B 

B 1.2775 4 8 

B 

c B 1.0825 4 7 

c 
·--

c D 1.0129 7 1 

c D 

c D E 0.8300 1 3 

D E 

D E 0.8167 3 2 

E 

E 0.7350 2 4 

I Herb Level of . 
' 

cluster N Mean Std Dev . 
1 7 1.01285714 0.14115173 

2 3 0.81666667 0.10016653 

3 I 0.83000000 

4 2 0.73500000 0.02121320 

5 I 1.64000000 

6 5 1.29800000 0.16407315 

7 4 1.08250000 0.06020797 

8 4 1.27750000 0.07365460 
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Wood flavor 

Source DF Type Ill SS Mean Square FValue Pr>F 

cluster 7 0.94971677 0.13567382 13.74 <.0001 

. 

Me3ns with the sam~. letter are not. significantly 
.. 

..• different.· 
·. . 

.. 
Duncan Grouping Mean N cluster 

A 1.14400 5 6 

A 

A 1.00000 I 5 

A 

A 0.98000 4 7 

A 

B A 0.96000 4 8 

B 
-----·· ·-~· 

B c 0.76286 7 I 

c 
c 0.64000 I 3 

c 
c 0.61500 2 4 

c 
c 0.60333 3 2 

J:,evelof Wood . . 
-:lllster N Mean Std Dev 
. 
1 7 0.76285714 0.11729085 

2 3 0.60333333 0.09073772 

3 1 0.64000000 

4 2 0.61500000 0.07778175 

5 1 1.00000000 

6 5 1.14400000 0.08561542 

7 4 0.98000000 0.08124038 

8 4 0.96000000 0.10551461 
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Iron flavor 
.. 

Source DF Typemss Meau: .Square FValue Pr>F 

cluster 7 0.42621153 0.06088736 8.00 0.0001 

-· 
Means with the sam~ lette[ are not signifiq~ntl~ 

- cUfferent. · - - · 
--- --

Duncan Grouping -. --- Mean N cluster 

A 0.97800 5 6 

B 0.79000 4 8 

B 

c B 0.72000 1 3 

c B 

c B 0.69571 7 I 

c B 
~- --

c B 0.69500 4 7 

c B 

c B 0.64000 1 5 

c B 

c B 0.62000 3 2 

c 
c 0.57000 2 4 

Iron 
... 

Level of 
-- ' --

cluster N Mean Std Dev 

1 7 0.69571429 0.06267832 

2 3 0.62000000 0.01732051 

3 l 0.72000000 

4 2 0.57000000 0.05656854 

5 l 0.64000000 

6 5 0.97800000 0.10134101 
--

7 4 0.69500000 0.13279056 

8 4 0.79000000 0.08793937 
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11.Sensory profiles of Thai honey based on clusters for every attributes 
with physicochemical analysis 

Viscosity 

Source DF 'typemss Mean Square FValue Pr>F 

.cluster 7 32.23595324 4.60513618 12.41 <.0001 

. 
Means with the same letter are not significantly 

different. . 

Duncan Gnmping Mean ~ c•uster .. · . 

A 12.0533 3 I 
··-

A 

B A 11.5467 3 2 

B 

B c 10.7688 8 4 

B c 
B c 10.7500 2 6 

c 
c 10.2550 4 3 

c 
c 10.1567 3 7 

D 8.5000 I 5 

D 

D 8.1600 3 8 

.• 

Level of Viscosity 

cluster N Mean Std Dev 
·. 

1 3 12.0533333 0.15176737 

2 3 I I .5466667 0.68922662 

3 4 10.2550000 0.57535496 

4 8 10.7687500 0.74923652 

5 I 8.5000000 

6 2 10.7500000 0.08485281 

7 3 10. I 566667 0.58517804 

8 3 8.1600000 0.46808119 
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Sweetness 
.· 

Source DF Type III SS Mean Squire FValue Pr>F 

cluster 7 0.90310463 0.12901495 3.41 0.0156 

Means with tliesaine letter are·not significantly 
different. .. ..· 

. 
Duncan Grottping Mean N cluster 

A 7.9925 4 3 

A 

B A 7.7500 3 7 

B A 

B A 7.7250 2 6 

B A 

B A c 7.7050 8 4 

B A c 
B A c 7.6467 3 8 

B A c 
B A c 7.6100 3 2 

B c 
B c 7.4200 I 5 

c 
c 7.3133 3 I 

.y.• 

Sweetness Levelof . .· 
... · 

cluster N Meap. Std Dev 

1 3 7.31333333 0.16441817 

2 3 7.61000000 0.21702534 

3 4 7.99250000 0.15585784 

4 8 7.70500000 0.22884805 

5 l 7.42000000 

6 2 7.72500000 0.12020815 

7 3 7.75000000 0.12165525 

8 3 7.64666667 0.20840665 
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Sourness 

Source DF TypeUISS Mean Square FValue Pr>F 

cluster 7 4.99389630 0.71341376 66.84 <.0001 

·. 

Meaijs with the saB14' letter are notsignificantly 
different. 

Dunct,ln Grouping Mean N cluster 

A 2.83000 1 5 

B 1.15000 3 7 

B 

B 1.05667 3 8 

B 

c B 0.96000 2 6 

c B 
~·----1-----------·-·~-~ -----1---·~·~ ~·----

c B 0.95000 4 3 

c 
c 0.83500 8 4 

D 0.53667 3 1 

D 

D 0.46333 3 2 

: .. ··. 

Level of Sourness 

cluster .. N ·Mean Std Dev 

1 3 0.53666667 0.04041452 

2 3 0.46333333 0.04041452 

3. 4 0.95000000 0.20049938 

4 8 0.83500000 0.07540368 

5 1 2.83000000 

6 2 0.96000000 0.05656854 

7 3 1.15000000 0.09539392 

8 3 1.05666667 0.08504901 
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Bitterness 

Source DF Type III SS Mean Square FValue Pr>F 

cluster 7 3.11088796 0.44441257 10.39 <.0001 

Means with the same Jetter are not significantly 
different. 

Duncan Grouping Mean N cluster 

A 1.6400 2 6 

B 1.1833 3 8 

B 

c B 0.9633 3 7 

c B ' 

c B 0.8750 8 4 

c 
-- ··------ --

c D 0.7575 4 3 

D 

D 0.4200 1 5 

D 

D 0.4167 3 2 

D 

D 0.3633 3 I 

Level of Bitterness 

cluster N Mean - StdDev . --

l 3 0.36333333 0.05507571 

z 3 0.41666667 0.08504901 

3 4 0.75750000 0.13573872 

4 8 0.87500000 0.28913665 

5 1 0.42000000 

6 2 1.64000000 0.04242641 
--

7 3 0.96333333 0.05859465 

8 3 1.18333333 0.26764404 
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Saltiness 

Source DF Typemss Mean Square FValue Pr>F 

cluster 7 0.07103750 0.01014821 4.40 0.0047 

l\{eans with tlte same letter are not significantly 
different. 

' ' 

Duncan Grouping Mean N cluster 

A 0.33000 1 5 

A 

A 0.31667 3 7 

A 

A 0.31250 4 3 

A 

B A 0.27667 3 8 

B A 
~- --f---

B A 0.25000 2 6 

B 

B 0.21125 8 4 

B 

B 0.19333 3 I 

B 

B 0.18667 3 2 

Level of Saltiness 

cluster N Mean Std Dev 

1 3 0.19333333 0.04618802 
-~ 

2 3 0.18666667 0.08621678 

3 4 0.31250000 0.03947573 

4 8 0.21125000 0.03181981 

5 1 0.33000000 

6 2 0.25000000 0.04242641 
---

7 3 0.31666667 0.01154701 

8 3 0.27666667 0.07371115 
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Perfume flavor 

Source DF Type III SS Mean Square FValue Pr>F 

cluster 7 0.66718519 0.09531217 7.58 0.0002 

Means with the same letter are not significantly 

Duncan Grouping 

A 

A 

B A 

B A 

B A 

B A 

B A 

B 
----------· 

B 

B 

B 

Level of 
cluster 

c 
c 
c 

N 

1 3 

different. 

Mean N cluster 

1.7200 1 5 

1.6600 3 8 

1.5600 4 3 

1.4975 8 4 

1.4833 3 7 

1.4550 2 6 

1.1933 3 1 

1.1933 3 2 

' 
Perfume 

' ' 

Mean Std Dev 

1.19333333 0.05507571 
1--~~----r--1-----·-··--<--·---·-----' 

2 3 1.19333333 0.12662280 

3 .·. 4 1.56000000 0.04000000 

4 8 1.49750000 0.15144542 

5 1 1.72000000 

6 2 1.45500000 0.02121320 
!---,,-.-----!--"-------- ~--------' 

7 3 1.48333333 0.07094599 

8 3 1.66000000 0.11135529 
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Fruit flavor 

Source DF Type III SS Mean Square 1 FValue Pr>F 

cluster 7 4.64424769 0.66346396 23.17 <.0001 

Means with th.e same letter are not significantly 
different.. · · 

--
Duncan Grouping Mean N cluster 

A 2.5300 1 5 

B 2.0933 3 8 

B 

c B 1.8550 4 3 

c B 

c B 1.8300 3 7 

c 
-------->-· - e---~----

c D 1.6150 2 6 

D 

D 1.4938 8 4 

E I.I 033 3 I 

E 

E 0.8233 3 2 

Level of Fruit 
·-

cluster N Mean Std Dev 

1 3 1.10333333 0.20840665 
·-·~ --· 

2 3 0.82333333 0.11060440 

3 :_ 4 1.85500000 0.14479871 

4 8 1.49375000 0. I 9257188 

5 ._ I 2.53000000 

6 2 1.61500000 0.27577164 

7 3 I .83000000 0.11000000 

8 3 2.09333333 0.07094599 
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Flora flavor 

Source DF Type ID SS Mean Square FValue Pr>F 

cluster 7 1.57514491 0.22502070 6.57 0.0005 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean N cluster 

A 2.0100 3 l 

B 1.6000 2 6 

B 

B 1.5938 8 4 

B 

c B 1.5000 3 7 

c B 
~·-·-·- -·---------------

c B 1.4200 1 5 

c B 

c B 1.2975 4 3 

c B 

c B 1.2967 3 8 

c 
c 1.1300 3 2 

. 
Level of Flora 

cluster N Mean Std Dev 

1 3 2.01000000 0.28053520 

2 3 1.13000000 0.03464102 

3 4 1.29750000 0.07455423 

4 8 1.59375000 0.18157545 

5 1 1.42000000 

6 2 1.60000000 0.41012193 

7 3 1.50000000 0.15716234 

8 3 1.29666667 0.11372481 
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Jasmine flavor 
.• 

Source DF Typemss Mean Square FValUe Pr>F 

cluster 7 15.74134074 2.24876296 19.29 <.0001 

Means with tile Sflllle letter are not.significantly . 
· different. 

.. ·. 

Duncan Grouping Mean N c.luster . 

A 3.5833 3 1 

B I .7625 8 4 

B 

c B I .3333 3 2 

c B 

c B 1.2650 2 6 

c B 
f----~·· ---

c B 1.2067 3 7 

c B 

c B 1.1400 4 3 

c 
c 0.9700 1 5 

c 
c 0.8733 3 8 

Level of Jasmine 

cluster N Mean Std Dev 

l 3 3.58333333 0.43650124 

2 3 1.33333333 0.15176737 

3 4 1.14000000 0.15748016 

4 8 1.76250000 0.44332349 

5 l 0.97000000 

6 2 1.26500000 0.41719300 
-· 

7 3 1.20666667 0.28041636 

8 3 0.87333333 0.05686241 
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Cotton candy flavor 
' 

Sour~e DF Typemss l\llean Square FVaJue Pr>F 

cluster 7 1.40299907 0.20042844 3.09 0.0237 

Means with the sameJe~r are not significantly 
' different. . ' · . 

Duncan Grouping Mean N cluster 

A 2.0467 3 1 

A 

B A 1.8950 8 4 

B A 

B A 1.8800 3 2 

B A 

B A 1.7375 4 3 

B A 
>---·--·-· ·-

B A 1.6200 3 7 

B 

B c 1.5100 2 6 

B c 
B c 1.4700 3 8 

c 
c 1.0300 1 5 

Level of Cotton Candy 
.·· 

cluster N Mean Std Dev 

1 3 2.04666667 0.04163332 

2 3 1.88000000 0.23515952 

3 4 1.73750000 0.36399405 

4 8 1.89500000 0.30104580 

5 l 1.03000000 

6 2 1.51000000 0.09899495 

7 3 1.62000000 0.11532563 

8 3 1.47000000 0.15716234 
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Butterscotch flavor 
. 

Source DF Type ID SS Mean Square FValue Pr>Jf 

cluster 7 2.89204352 0.41314907 3.59 0.0125 

Means with the same letter are not si~nificalitly 
different. 

Duncan Grouping Mean N cluster 

A 3.6875 4 3 

A 

B A 3.5833 3 7 

B A 

B A 3.3050 8 4 

B A 

B A 3.1100 2 6 

B A 
··-- ·-

B A 3.0667 3 2 

B A 

B A 3.0633 3 8 

B 

B ' 2.9367 3 1 

c 2.1400 1 5 

Level of Butterscotch 

cluster N Mean Std Dev 

l 3 2.93666667 0.11590226 .. 
. 

2 3 3.06666667 0.43385866 

3 4 3.68750000 0.54217924 

4 8 3.30500000 0.18814888 

5 1 2.14000000 
-· 

6 2 3.11000000 0.15556349 
---·----

7 3 3.58333333 0.26312228 

8 3 3.06333333 0.49662192 
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Molasses flavor 
. 

Source DF ]'ypelllSS Mean Square FValue Pr>F 

cluster 7 5.28576991 0.75510999 9.00 <.0001 

Means \'\1th the same letter are not significantly 
· · · · · · differeJ)t. · .... . 

. 

Duncan Grouping Mean N cluster 

A 3.6300 3 7 

A 

B A 3.5600 I 5 

B A 

B A c 3.2850 4 3 

B c 
B c 3.0250 2 6 

c 
-----

D c 2.9167 3 8 

D c 
D c 2.7588 8 4 

D 

E D 2.3800 3 2 

E 

E 2.1567 3 I 

Level of Molasses 

cluster N Mean Std Dev 

1 3 2.15666667 0.16441817 

2 3 2.38000000 0.21633308 

3 4 3.28500000 0.49169774 

4 8 2.75875000 0.20835667 

5 1 3.56000000 

6 2 3.02500000 0.27577164 
-

7 3 3.63000000 0.03464102 

8 3 2.91666667 0.41137979 
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Coffee flavor 

Source DF Type Ill SS Mean Square FValue Pr>F 

cluster 7 2.00127546 0.28589649 1.67 0.1774 

Means. with the same letter are not significantly 
different . . 

·. 

Duncan.Grouping Mean N cluster 

A 1.9267 3 I 

A 

A 1.9067 3 2 

A 

B A 1.6213 8 4 

B A 

B A 1.5300 2 6 

B A 
-------f---· 

B A 1.3900 4 3 

B A 

B A 1.3333 3 7 

B A 

B A 1.1867 3 8 

B 

B 0.8300 I 5 

Level of. Coffee .. 
·. 

cluster · .. N Mean Std Dev 

1 3 1.92666667 0.09073772 
--

l 3 1.90666667 I.I 1230991 

3 4 I .39000000 0.28751812 

4 8 1.62125000 0.24637008 

5 I 0.83000000 

6 2 I .53000000 0.00000000 
---· 

7 3 I .33333333 0.07371I15 

8 3 I .I 8666667 0.20599353 
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Dried fruit flavor 

Source DF Type ID SS Mean Square FValue Pr>F 

cluster 7 4.47630000 0.63947143 17.76 <.0001 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean N cluster 

A 2.2200 1 5 

A 

B A 1.9167 3 8 

B 

B 1.8050 4 3 

B 

B 1.7900 3 7 

B 

B c 1.6250 2 6 

c 
c 1.3975 8 4 

D 0.9833 3 1 

D 

D 0.7033 3 2 

Level of 
Dried Fruit 

cluster N Mean Std Dev 

1 3 0.98333333 0.13650397 

2 3 0.70333333 0.13650397 

3 4 1.80500000 0.29871949 

4 8 1.39750000 0.12544208 

5 1 2.22000000 

6 2 1.62500000 0.09192388 

7 3 1.79000000 0.11135529 

8 3 1.91666667 0.31501323 
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Medicine flavor 

Source DF Type III SS Mean Square FValue Pr>F 

cluster 7 3.93915046 0.56273578 13.05 <.0001 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean N cluster 

A 2.1250 2 6 

B 1.6367 3 8 

B 

c B 1.4167 3 7 

c B 

c B 1.2800 1 5 

c 
c 1.2113 8 4 

c 
c 1.1325 4 3 

D 0.7367 3 1 

D 

D 0.6633 3 2 

Level of 
Medicine 

cluster N Mean Std Dev 

1 3 0.73666667 0.08082904 

2 3 0.66333333 0.04618802 

3 4 1.13250000 0.14885675 

4 8 1.21125000 0.28782125 

5 1 1.28000000 

6 2 2.12500000 0.17677670 

7 3 1.41666667 0.14742230 

8 3 1.63666667 0.20108042 
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Ferment flavor 

Source DF Type Ill SS Mean Square FValue Pr>F 

cluster 7 4.16150741 0.59450106 16.64 <.0001 

Means with the same letter are not significantly 
different 

Duncan Grouping Mean N cluster 

A 2.5300 1 5 

B 1.5000 3 8 

B 

B 1.4833 3 7 

B 

c B 1.3450 2 6 

c B 

c B 1.1950 4 3 

c 
c D 1.0375 8 4 

D 

D 0.6733 3 1 

D 

D 0.6700 3 2 

Level of 
Ferment 

cluster N Mean Std Dev 

1 3 0.67333333 0.13650397 

2 3 0.67000000 0.00000000 

3 4 1.19500000 0.16421531 

4 8 1.03750000 0.17870566 

5 1 2.53000000 

6 2 1.34500000 0.02121320 

7 3 1.48333333 0.37898989 

8 3 1.50000000 0.15716234 
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Plastic flavor 

Source DF Type III SS Mean Square FValue Pr>F 

cluster 7 5.46155463 0.78022209 10.33 <.0001 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean N cluster 

A 2.4200 2 6 

B 1.4267 3 8 

B 

B 1.3900 1 5 

B 

c B 1.2700 3 7 

c B 

c B 1.1500 8 4 

c B 

c B D 0.9425 4 3 

c D 

c D 0.7400 3 1 

D 

D 0.5100 3 2 

Level of 
Plastic 

cluster N Mean Std Dev 

1 3 0.74000000 0.14106736 

2 3 0.51000000 0.03464102 

3 4 0.94250000 0.17876894 

4 8 1.15000000 0.31098921 

5 1 1.39000000 

6 2 2.42000000 0.35355339 

7 3 1.27000000 0.23430749 

8 3 1.42666667 0.43878620 
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Worcester sauce flavor 

Source DF Type Ill SS Mean Square FValue Pr>F 

cluster 7 8.06396157 1.15199451 28.99 <.0001 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean N cluster 

A 3.5600 1 5 

B 2.0667 3 7 

B 

B 2.0667 3 8 

B 

c B 1.7350 2 6 

c 
c 1.6475 4 3 

c 
c D 1.3763 8 4 

D 

E D 1.0333 3 1 

E 

E 0.8900 3 2 

Level of 
Worcester Sauce 

cluster N Mean Std Dev 

1 3 1.03333333 0.13650397 

2 3 0.89000000 0.00000000 

3 4 1.64750000 0.14361407 

4 8 1.37625000 0.23742292 

5 1 3.56000000 

6 2 1.73500000 0.21920310 

7 3 2.06666667 0.22368132 

8 3 2.06666667 0.23797759 
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Soy sauce flavor 

Source DF Type III SS Mean Square FValue Pr>F 

cluster 7 2.48708241 0.35529749 6.17 0.0007 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean N cluster 

A 2.0800 1 5 

A 

B A 1.8967 3 7 

B A 

B A 1.7333 3 8 

B A 

B A c 1.6250 2 6 

B A c 
B A c 1.5975 4 3 

B c 
B c 1.5050 8 4 

c 
D c 1.1667 3 1 

D 

D 0.8900 3 2 

Level of Soy Sauce 

cluster N Mean Std Dev 

1 3 1.16666667 0.09712535 

2 3 0.89000000 0.16522712 

3 4 1.59750000 0.19551215 

4 8 1.50500000 0.26197055 

5 1 2.08000000 

6 2 1.62500000 0.02121320 

7 3 1.89666667 0.29569128 

8 3 1.73333333 0.35345910 
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Herb flavor 

Source DF Type III SS Mean Square FValue Pr>F 

cluster 7 l.2769I435 O.I824I634 I4.26 <.OOOI 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean N cluster 

A I.6400 I 5 

B 1.3900 3 8 

B 

c B 1.2750 2 6 

c B 

c B D 1.2300 3 7 

c D 

c D 1.1I00 4 3 

D 

E D I.02I3 8 4 

E 

F E 0.8167 3 I 

F 

F 0.7667 3 2 

Level of Herb 

cluster N Mean ·std Dev 

1 3 0.8I666667 O.IOOI6653 

2 3 0.76666667 0.0568624I 

3 4 I. I I 000000 O.I042433 I 

4 8 l.02I25000 0.1328I970 

5 I I.64000000 

6 2 I .27500000 0.120208I5 

7 3 I .23000000 O.l I 532563 

8 3 I .39000000 0.09848858 
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Wood flavor 

Source DF Type III SS Mean Square FValue Pr>F 

cluster 7 0.90830880 0.12975840 10.77 <.0001 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean N cluster 

A 1.15000 3 8 

A 

A 1.15000 2 6 

A 

B A 1.00000 1 5 

B A 

B A 0.99333 3 7 

B A 

B A 0.93000 4 3 

B 

B c 0.79625 8 4 

c 
c 0.62333 3 2 

c 
c 0.60333 3 1 

Level of Woody 

cluster N Mean Std Dev 

1 3 0.60333333 0.09073772 

2 3 0.62333333 0.05686241 

3 4 0.93000000 0.09966611 

4 8 0.79625000 0.14391838 

5 1 1.00000000 

6 2 1.15000000 0.09899495 

7 3 0.99333333 0.06350853 

8 3 1.15000000 0.08185353 
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Iron flavor 

Source DF Typemss Mean Square F Value Pr>F 

cluster 7 0.43347963 0.06192566 8.57 <.0001 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean N cluster 

A 1.00000 2 6 

A 

A 0.98333 3 8 

B 0.77667 3 7 

B 

B 0.71250 8 4 

B 

B 0.68000 4 3 

B 

B 0.64000 1 5 

B 

B 0.62000 3 1 

B 

B 0.62000 3 2 

Level of 
Iron 

cluster N Mean Std Dev 

1 3 0.62000000 0.01732051 

2 3 0.62000000 0.09539392 

3 4 0.68000000 0.11803954 

4 8 0.71250000 0.07497619 

5 1 0.64000000 

6 2 1.00000000 0.11313708 

7 3 0.77666667 0.07571878 

8 3 0.98333333 0.08082904 
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Degrees Brix 

Source DF Type III SS Mean Square FValue Pr>F 

cluster 7 112.4137500 16.0591071 40.94 <.0001 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean N cluster 

A 80.8333 3 2 

A 

A 80.7667 3 1 

A 

B A 79.6375 8 4 

B 

B 79.5000 2 6 

B 

B 79.4667 3 7 

B 

B 79.1750 4 3 

c 75.2000 1 5 

c 
c 74.0333 3 8 

Level of 
Brix 

cluster N Mean Std Dev 

1 3 80.7666667 0.05773503 

2 3 80.8333333 0.90737717 

3 4 79.1750000 0.34034296 

4 8 79.6375000 0.79271234 

5 1 75.2000000 

6 2 79.5000000 0.70710678 

7 3 79.4666667 0.46188022 

8 3 74.0333333 0.25166115 
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L* value 

Source DF Type Ill SS Mean Square F Value Pr>F 

cluster 7 5210.986567 744.426652 5.39 0.0016 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean N cluster 

A 44.86 4 3 

A 

A 43.77 3 2 

A 

A 43.06 3 1 

A 

A 42.46 2 6 

A 

B A 40.05 8 4 

B 

B c 18.52 3 8 

c 
c 8.75 3 7 

c 
c 0.19 1 5 

Level of 
L 

cluster N Mean Std Dev 

1 3 43.0566667 14.2303982 

2 3 43.7700000 10.4916109 

3 4 44.8575000 11.7037384 

4 8 40.0537500 7.5826907 

5 1 0.1900000 

6 2 42.4600000 22.3587164 

7 3 8.7533333 5.2579495 

8 3 18.5233333 17.7516769 
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a* value 

Source DF Type III SS Mean Square F Value Pr>F 

cluster 7 1450.616750 207.230964 7.35 0.0002 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean N cluster 

A 31.960 2 6 

A 

B A 22.945 4 3 

B A 

B A 22.687 3 7 

B 

B 20.517 3 8 

B 

B c 14.948 8 4 

B c 
B c 12.293 3 1 

c 
D c 5.863 3 2 

D 

D 1.020 1 5 

Level of 
a 

cluster N Mean Std Dev 

1 3 12.2933333 6.20158313 

2 3 5.8633333 1.57179303 

3 4 22.9450000 7.43550267 

4 8 14.9475000 4.55537908 

5 1 1.0200000 

6 2 31.9600000 5.30330086 

7 3 22.6866667 6.89769043 

8 3 20.5166667 3.12448929 
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b* value 

Source DF Type III SS Mean Square F Value Pr>F 

cluster 7 10576.33535 1510.90505 5.36 0.0016 

Means with the same letter are not significantly 
different. 

Duncan Grouping Mean N cluster 

A 72.04 2 6 

A 

A 71.84 4 3 

A 

B A 55.27 8 4 

B A 

B A 53.87 3 1 

B A 

B A c 42.28 3 2 

B c 
B D c 29.76 3 8 

D c 
D c 15.08 3 7 

D 

D 0.32 1 5 

Level of b 

cluster N Mean Std Dev 

1 3 53.8666667 11.0482593 

2 3 42.2766667 12.4063304 

3 4 71.8375000 21.5584483 

4 8 55.2737500 7.5148880 

5 1 0.3200000 

6 2 72.0350000 37.3988777 

7 3 15.0766667 9.0485211 

8 3 29.7600000 26.9831132 
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