DSpace Institution

DSpace Repository http://dspace.org

Chemistry Thesis and Dissertations

2022-08

Profiling of Volatile Compounds In

Honey of Selected Zones on Amhara
Region, Ethiopia

Tadesse, Walle

http://ir.bdu.edu.et/handle/123456789/14050
Downloaded from DSpace Repository, DSpace Institution's institutional repository



BAHIR DAR UNIVERSITY
OFFICE OF GRADUATE STUDIES
COLLEGE OF SCIENCE
DEPARTMENT OF CHEMISTRY

M.SC. Thesis Research On

PROFILING OF VOLATILE COMPOUNDS IN HONEY OF SELECTED
ZONES OF AMHARA REGION, ETHIOPIA

By
Tadesse Walle
Advisor: Hailu Sheferaw (PhD)
Co-Advisor: Minaleshewa Atlabachew (PhD)

Julay, 2022

Bahir Dar, Ethiopia



BAHIR DAR UNIVERSITY
OFFICE OF GRADUATE STUDIES
COLLEGE OF SCIENCE
DEPARTMENT OF CHEMISTRY

Profiling of Volatile Compounds in Honey of Selected Zones of Amhara Region

A Thesis Submitted to the College of Sciences Department of Chemistry in partial

fulfillment of the requirements for the degree of Master of Science in chemistry

(Analytical Chemistry)
By
Tadesse Walle Kassa
Advisor: Hailu Sheferaw (Ph.D.)

Co-Advisor: Minaleshewa Atlabachew (PhD)

Julay 2022

Bahir Dar, Ethiopia



Bahir Dar University

Office of Graduate Studies

College of Science

Approval sheet for post graduate program coordinator office

As Thesis Research advisor, | hereby certify that | have read and supervised this thesis is
prepared by Tadesse Walle entitled Profiling of Volatile Compounds in Honey of Selected Zones
of Amhara Regionll. I recommend that it be submitted as fulfilling the thesis requirement.

Advisor: Hailu Sheferew (PhD) --------------=mmemememememm oo Signature ------------ Date-------------
Co- Advisor: Minaleshewa Atlabachew (PhD) ---------------- Signature------------ Date-------------

As members of the Board of examiners of the MSc Thesis Open Defense Examination,
we certify that we have read, evaluated the Thesis prepared by Tadesse Walle and
examine the candidate. We recommended that the thesis be accepted as fulfilling the Thesis

requirement for the Degree of Master of Science in Chemistry

External Examiner Signature Date



DECLARATION

| declare and announce that this work is my own work under the supervision of my advisor Dr.
Hailu Shiferaw and Co-Advisor Dr. Minaleshewa Atlabachew at department of chemistry Bahir
Dar University MSc thesis in chemistry. By my signature below, | declare and assure that the
result of this thesis is my work. This thesis has not been submitted to any other institutions

anywhere for the award of any academic degree, diploma or certificate.
Name: Tadesse Walle ----------------------- signature ---------------

Place: Bahir Dar University, Bahir Dar

Date of submission ---------=-==-=-=-msmmmmmmmmmemmem

Chemistry Department



ACKNOWLEDGEMENTS

First, my deepest praise is to God who helps me in all aspects of my life for his inexpressible

boon and getting me strength to complete this Study.

| have a special grateful respect to my adviser Dr. Hailu Shiferaw and Co-Advisor Dr.
Minaleshewa Atlabachew for their continuous guidance, follow up, constructive suggestions,
encouragement and much contribution until the work is completed. | would like to extend my
gratitude to chemistry department of Bahir Dar University for giving me this opportunity to end
this post graduate study program. | gratefully acknowledge my family satisfied completely
financial support and I am thankful Mengst Debasu and Melkam Walle to motivate my
work and financial support. Finally | thanks also my class student Awoke, Gashow, Adisse,
kasshun, Teshwal, Getacile and some other have supported me during the laboratory research

work either directly or indirectly.



List of Abbreviations

Terms Description

SPME ------------- e Solid phase micro extraction

SPE ------mmemmme - - -Solid phase extraction

SE-mmmm e e e e Solvent extraction

VOCS ==mmmmmmememm e e e oo e Volatile organic compounds

HPLC----m e High performance liquid chromatography
GC-MS--mmmmmm e Gas chromatography-Mass spectrometry

R Retention time

NIST —mmmm e National Institute of Standard and Technology
SDE - m e Simultaneous Distillation Extraction

USE---mmmmmm oo Ultrasonic Solvent Extraction



TABEL OF CONTENTES

DECLARATION ...ttt ettt sttt et e skt et e e b bt e bt e s hb e e abe e ebe e e sbe e sbeeenbeesbeeannee e I
ACKNOWLEDGEMENTS ...ttt sttt st e s ae e reeenee e I
LiSt OF ADDIEVIALIONS ...t ii
TABEL OF CONTENTES ...t 1\
LIST OF TABLE ...ttt n e e nne e neenneas vii
ADSEFACT ...ttt bR bbbttt viii
CHAPTER ONE ...ttt b et be e e e be e e nr e e nne e e 1
1. INTRODUCTION .ottt ettt e e et e e b e e e e e neenneas 1
1.1. Background Of the STUAY ........ecciiiiiieie et 1
1.2. Statement O the ProbIEM ..o s 3
1.3. ODJECtIVE OF the STUY .....c.eeieiieiiiiiciee e 3
1.3.1. GENEIal ODJECTIVE ..ottt bbb 3
1.3.2. SPECITIC ODJECTIVE.....c.eiiiieieiieeee bbb 3

1.4. Scope and Limitation of the STUAY ... 4
1.5. Significance Of the STUAY .........cooiiiiiiie s 4
CHAPTER TWO ...ttt ettt b et b et e bt e s e e b e e e b e e nne e e 5
2. LITERATURE REVIEW ..ottt 5
2.1. Volatile COMPOUNGS.........civiiieiicie ettt e e s reenre e 5
2.2. Occurrences of volatile COMPOUNGS ...........coveiiiiiiiiic e 5
2.3. Properties and Classification of volatile Compounds ..........ccccccoveveiiciiccc i, 6
2.4, HONBY PrOTUCTION.......iiiieiiii ettt ettt e e et et e e sre e e beeaneas 6
2.4.1. Honey production iN EtNIOPIA.........ccviiieiieccie et 6
2.4.2. Honey production in the Amhara region ..o 7

2.5. Chemical profile and Composition OF HONEY .........cccciiiiiiiiiiice e 8



2.6. Characterization of Ethiopian HONY ..........cccooiiiiiii i 8

2.7. Consumptions of honey iN EthIOPIA........cccvcciiiiiiiic i 9
2.8. Factors influencing the quality of honey production .............cccccevieii i 10
2.9. Sources of volatile compounds iN NONEY.........ccviveiiiie i 10
2.10. Significance of volatile organic compounds (VOCS) InN honey..........ccccoeveniiiiciinnnins 11
2.11. Health and Environmental factors of volatile organic compounds..........cccccoovririnnnins 12
2.12. Extraction method of volatile compound from HONEY..........ccccoviiiiiiiiiiiiees 12
2.12.1 SOIVENT EXIFACTION ..ottt 12
2.12.2. Solid phase MiCro EXIraCtioN..........cccoeiiiiiiiiiieieese e 13
2.12.3 Dehydration homogenous liquid-liquid extraction (DHLLE)........cccccooeviiiniiinennn. 13
2.13. GC-IMS LECNNIGUE.....cute ettt e s te et e e esae e te e e e s teenbeenaesneenes 13
CHAPTER THREE ...ttt e e ne e 14
METHODOLOGY ..ottt ettt b et b e s b e e b e e e sn e e nbe e e b e e s be e e neenneeanns 14
3.1, Study Area DESCIIPLION .....ccuveiicieecieecie et re et e et e st ente e esneennas 14
BLLLLL AW ZONE ..ttt bttt 14
TN = S A C 1o T 2 PRSP 14
313 INOIMN WOHIO ...t 15
314, SOULN GONAET ...ttt bbbttt sb et 16
3L 1.5, WESTE GOJJAIM ...ttt bbb bbbttt n e eb et 16
3.2. Sampling and Sample Handling .........cccoooiiiiiiiii e 16
3.3. Apparatus, Instruments and ChemicCalS............coouiiiiiiiii 17
3.3.1. Apparatus and INSIFUMENTS .........cuiiiieieieresie e 17
3.3.2. CREMICAIS ...t bbbttt bbb 17
3.4, ProCcedures OF ANAIYSIS........cuiiiiiiiieieie ettt eneas 18
3.4.1 SamPle Preparations ........cueiuieiieiie ettt ae e ne e nree s 18



3.5. Analysis of volatile compounds With GC-MS ...........cccooiiiiie i 18

CHAPTER FOUR ...ttt b e e e nne e e e nneeanne e 19
RESULT AND DISCUSSION ..ottt 19
4.1. Volatile compounds in honey SAMPIES.........ccvieiiiiicieiie e 19
4.2. ldentification of volatile COMPOUNGS...........ccciiiiiiiiiee s 30
CHAPTER FIVE ...ttt ekttt b et e et e e sbe e bt e nbeenbeeenne e 35
5. CONCLUSION AND RECOMMENDATION .....coiiiiiiiieieerie et 35
5.1, CONCIUSION. ...t bbbttt e e b ettt be e ere s 35
5.2. RECOMMEBNUALION ..ottt bbbt se bbbt ene s 35
RETEIENCES ...t bbb bbbt e bbb bRttt bbb 36

Vi



LIST OF TABLE

Table 1 Percentage shares of domestic consumption versus exports Ethiopia honey .................. 10
Table 2. Sample collection area and the number of samples...........cccoiiiiiic, 17
Table 3. Volatile compounds detected in four selected woreda of East Gojjam Zone.................. 20
Table 4. Volatile compounds identified in the two selected woreda of Awi zone. .........c............ 22
Table 5. Volatile compounds identified in the three woreda of North Wollo .............cccccoeenee. 24
Table 6. Volatile compounds identified in the two selected woreda of west Gojjam zone........... 26
Table 7. Volatile compounds identified in the six selected woreda of South Gonder zone.......... 28
Table 8. Comparession volatile compound that detected in honey in the five zones................ 33

LIST OF FIGURE

Figure 1. Map OF STUAY @8 .......c.oouiiiiiiieiieieeie ettt 15

Vii



Abstract

Honey is nutritious food collected from various flowering plants by honeybees. It contains mostly
carbohydrates, water, trace volatile compounds and other compounds. The objective of this
study was Profiling of Volatile Compounds in Honey of Selected Zones of Amhara Region
specifically East Gojjam, West Gojjam, South Gonder, North Wollo, and Awi. 2.5 g from each
seventeen collected samples was taken and extracted with 12.5 ml of dichloromethane using
Solvent Extraction. Then the supernatant was taken and treated with sodium sulphate to remove
the water molecule from dichlomethane extract using Solvent Extraction. Finally the water free
dichlomethane extract was filliterd using Acrodisc syringe filter and submitted to GC-MS
anlaysis. The result indicates the presence of 42 volatile compounds in the studied honey
samples. Among these compounds, some of them were hydrocarbons (13), Alcohol (8), acids (5),
aldehydes (5), ketones (3), Amides (2), Ester (2), Amin (1), ether (1) and others (Disulfide, di-
tert-dodecyl and Paromomycin). The most abundance volatile compound was Hexadecane
(62.9%), while which is found in sample from South Gonder zone, while the least abundance
compound was 9-Octadecenamide (0.08%). This implies that Amhara regions honey are rich in

diversified volatile compounds.

Key word; Solvent Extraction, Volatile compounds, Gas chromatography-mass spectrometry
(GC-MS), Honey

viii



CHAPTER ONE

1. INTRODUCTION

1.1. Background of the Study

Honey is a naturally occurring sweet, delicious, viscous liquid that honeybees (Apis mellifera)
make from the nectar of flowers produced by the excretions of sucking insects on the living parts
of plants (Dong et al. 2013; Patrignani et al. 2018). It is sweetened food; that contains more than
200 known chemical components and is widely distributed worldwide. Honey is made up of
many different chemical compositions, mainly fructose and glucose (80-85 %) and other
substances including water (15-17 %), ash (0.2 %), proteins and amino acids (0.1-0. 4 %), and
minor amounts of enzymes, volatile compounds, vitamins, and phenolic compounds (Rao et al.
2016).

Due to the high content of polyphenol, honey is characterized by antioxidant, anti-
inflammatory, antiviral, antifungal and anticancer activity (Derewiaka et al. 2021). In many
cultures, either by itself or in combination with other substances, honey is economically
significant for traditional use as an active medicinal component (EI-Gendy 2010). It produces all
over the world, annual honey production in Ethiopia was estimated at about, 43,373 metric tons
in 2006 which is shared with about 23.5% and 2.35% of African and world’s honey production
respectively (Sahle et al. 2018). Because of the different agro ecology and a variety of landscape
differences in Ethiopia, plants that are a good source of nectar (most of them are honeybee
plants) are available in the country. This in turn makes Ethiopia the better honey producer and
exporter of honey in Africa (Sahle et al. 2018).

Volatile compounds in honey are produced by a variety of processes, including the thermal
processing of honey, the action of microorganisms, the transformation of plant components by
honeybees, and environmental pollution (Jerkovi¢ and Marijanovic¢ 2009). It is also derived from
various biosynthetic pathways (enzyme-catalyzed processes in which simple compounds are
modified, transformed into other compounds, or joined to form macromolecules in living
organisms) and extracted using various techniques with varying degrees of selectivity and

effectively using various solvents (Jerkovi¢ et al. 2016). In general, volatile compounds in honey



are directly or indirectly related to the plant sources in which the honey bee collected nectars as
well as the various extraction methods employed to extract the volatile compounds. The volatile
compounds found in honey's botanical source, which gives information about the molecules
responsible for its aroma, determines how the variations are exist indifferent honey samples.
(Jerkovic™ et al. 2007). On other side, volatile organic compounds cause different health effects
including sensory irritation, cancer sensory, allergic effects, respiratory effects and carcinogenic
effects (Rumchev et al. 2007).

The major volatile compounds in honey samples are extracted under different methods;
extraction with compounds which have different chemical families such as; Ketones (3-
Hydroxy-2-butanone, 6-Methyl-5-hepten-2-one), alcohols, ketones, aldehydes, acids, esters,
terpenes, Acids includes Acetic acid, Benzoic acid, Hexadecanoic acid, Benzenacetic acid,
Tetradecanoic acid (Loh et al. 2011; Barra et al. 2010; Castro-Vdzquez et al. 2003). However,
the composition of volatile compounds depends on the extraction method (Alissandrakis et al.
2005).

Several studies have been published on analysis of honey volatile compounds. Some of these
are: ultrasound-assisted extraction (UAE) and solvent extraction (SE) (Vazquez et al. 2021),
Solid phase micro-extraction (SPME) ( Alissandrakis et al. 2003) and, Simultaneous Distillation-
Extraction (SDE) (Liu et al. 2017). Among these extraction methods, Solvent extraction are
advantageous for the quantification and identification of volatile compounds. Since, it does not
involve heating, which prevents volatile compounds from being lost during extraction processes.
The extracted and quantified honey samples using the solvent extraction method needs a
sensitive technique such as gas chromatography-mass spectrometry which is a powerful method
for the discrimination between the different honey samples (Nurul et al. 2013).

Recently volatile composition of honeys was identified by a gas chromatograph equipped with
a mass spectrometry detector and identified different constituents in South Africa honey.
However by factoring of the geographical origins, floral origins, and bee species, volatile
compounds are differentiate one honey to other honey (Loh et al. 2011). Due to this reason it is
necessary to identify volatile compounds in honey samples because; it provides new information
about the nature of the volatile compound that exist in different honey samples and even it helps

to distinguish one honey sample to the other. Therefore, the objectives of this study was to



identify the volatile compounds by using GC-MS and comparing the volatile constituents that

were detected in the five zones of Amhara region with each other and other literature values.
1.2. Statement of the Problem

Honey is a unique food that is the most abundant and concentrated source of natural sugars
available for the human diet. It contains carbohydrates, water, minerals, vitamins, enzyme and
low amounts of volatile compounds (Machado De-Melo et al. 2018). Though volatile
constituents of honey are found in trace amount, their benefit to human are so immense. They
have high medicinal value. Their concentration and type varies from honey to honey. Amhara
region due to the presence of variable plant species and agro ecology, is the major honey-
producer region in Ethiopia. Since, the region also includes different vegetation; a wide variety
of ecological and climatic features are conducive to having a peculiar honey type (Yayinie et al.
2021; Ayele et al. 2020). However as far as no known research has been reported in on volatile
compounds in honey samples of the Amhara region. So this Study attempts to determine volatile

compounds in honey collected from some selected zones of the Amhara region using GC-MS.
1.3. Objective of the Study

1.3.1. General Objective

The general objective of this Study was to Profiling of VVolatile Compounds in Honey of Selected

Zones of Amhara Region using GC-MS.
1.3.2. Specific Objective

1. To identify the Volatile compounds in honey samples collected from South Gondar, North
Wollo, East Gojjam, West Gojjam, and Awi zones
2. To characterize the volatile compounds collected from South Gondar, North Wollo, East
Gojjam, West Gojjam, and Awi zones
3 To compare the volatile constituents that were detected in the five zone of Amhara region with

each other and other literature values.



1.4. Scope and Limitation of the Study

The study focuses only the volatile constituents of honey samples using solvent extraction
and GC-MS technique. The study will focus on identification of volatile compounds from
samples collected from selected zones of the of Amhara region. These samples may not

represent the whole Amhara region but they will serve as the base line data for further studies.

1.5. Significance of the Study

The output of this Study may have the following Significance.

It serves as a base line or stepping stone study for further study who is interested to
investigate the honey of Amhara region.

It would create awareness and contribute additional knowledge regarding the composition
of the honey samples of the study area.

Provide new information about the nature of the volatile compound that exist in honey.



CHAPTER TWO

2. LITERATURE REVIEW

2.1. Volatile Compounds
Volatile organic compounds (VOCSs) refer to organic compounds that are prone to volatilize at
room temperature, including alkanes, alkenes, aromatics, halogenated hydrocarbons, alcohols,
aldehydes, ketones and so on. TVOC is a term used to represent the pool of volatile organic
compounds (Shanhao et al. 2021). It containing at least one carbon atom together with atoms of
hydrogen, oxygen, nitrogen, sulfur, halogens, phosphorous and silicon, excluding carbon
monoxide, carbon dioxide, carbonic acid, metallic carbides or carbonates and ammonium
carbonate. Methane (CH4), which is a specific VOC and a greenhouse gas naturally widely
present in the air, is often considered apart from the other VOC, which are referred to as non-
methane volatile organic compounds (NMVOC) (Wang 2020). Aroma, which is one of the most
important quality indicators for fruits, has a great influence on the overall flavour and consumer
acceptance. It is generally a complex mixture of volatile compounds whose composition and
concentrations are specific to the species, and often the variety, of fruit. Volatile compounds,
which determine the aroma profile of fruits, directly contribute to perceived odour and flavour
attributes. Knowledge of these volatile compounds forms the basis of breeding programs aiming
to improving fruit aroma. As an important trait of fruit quality, more attention has been paid to

the study of aroma volatiles in recent years (Yang et al. 2021)

2.2. Occurrences of volatile Compounds
VOCs originate from both natural and anthropogenic sources. Biogenic VOCs (BVOCs), mainly
emitted by plants, are regarded as the largest source of VOCs globally. However, in urban areas,
anthropogenic VOCs can be dominant. Many hundreds of VOCs are present in human breath
and the opinion is rising that these compounds contain valuable information on an individual’s
disease status. The presence of some of these VOCs in human breath is thought to be due to
degradation of polyunsaturated fatty acids by oxidative stress. This process called lipid
peroxidation is a chain reaction process in which reactive oxygen species (ROS) remove an
allylic hydrogen atom from lipid membrane structures. This gives rise to a conjugated radical

that is per oxidized by oxygen and this way prolongs the chain reaction. Among the final stable
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reaction products of this process are saturated hydrocarbons like ethane and pentane. These
hydrocarbons enter the blood stream and due to their low solubility in blood they are excreted

into breath within minutes after formation (Godschalk et al. 2008).

2.3. Properties and Classification of volatile Compounds

Volatile organic compounds are usually characterized by low odor thresholds and they have an

important effect on the organoleptic quality at very low concentrations (Hou et al. 2013).

Frequently used are definitions based on vapour pressure. In the USA, VOCs are defined as
organic compounds that have a vapour pressure more than 13.3 Pa at 25 °C, according to ASTN
test method D3960-90. In the European Union, a common definition is that VOCs are organic
compounds with a vapour pressure above 10 Pa at 20 °C (Dewulf et al 2002).

Volatile organic compounds (VOCs) have been treated as sensitive indicator of environmental
pollution. VOCs are known to include a large variety of carbon-based molecules such as
aldehydes, ketones, and light hydrocarbons. As the number of reported VOC exceeds 500, they
can also be classified into three groups in terms of volatility: (i) very volatile organic compounds
with a boiling point ranging from < 0°C to 100°C (ii) volatile organic compounds with a boiling
point value of 100-240°C, and (iii) semi-volatile organic compounds with a boiling point value
of 240-400°C (1-2). The main anthropogenic sources of VOCs include industry, car, and
building materials, while microorganisms and other biological activities are identified as their
natural sources (3-5). As evidenced by sick-building syndrome, the impact of VOC pollution on
human health can be detrimental (6). Some individual VOCs such as benzene and 1,3-butadiene
have been reported to cause birth defects and cancer (Ahn et al. 2011).

2.4. Honey Production

Honey is produced in almost all part of the country in the world, which is consumed as a food. It
was historically one of humanity's first food sources and has been esteemed by later civilizations
(Ciulu et al. 2011).

2.4.1. Honey production in Ethiopia

Ethiopia is one of the African country with the greatest potential for producing honey. Due to

unique biological and climatic conditions, the countries is home to a diverse range of vegetation
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and is home to the largest honeybee population in Africa. There are around 10 million honeybee
colonies in the nation, with about 7 million kept in beehives by farmers and the remaining five
million living in the forests in the wild (Mohammed and Hassen 2021; Sahle et al. 2018).
Smallholder farmers who historically also cultivate cereals, pulses, oil seeds, and other perennial

crops use the production of honey as a secondary source of income (Tarekegn and Ayele 2020).

Total production of country from the conventional hives accounts for 93%, which is covered
by Oromiya, Amhara, Southern National Nationalities and People (SNNP), and Tigray. These
regions produce 15,492 tons of honey, 10,834 tons of honey, 5,847 tons of honey, and 3904.6
tons of honey, respectively. Around 5,013,848 traditional hives are present in the country. The
Oromiya region is home to about 56 % of the nation's traditional hives, which produce 40 % of
the country's traditional hive honey. Similarly, 18.8% of traditional hives are found in the
Ambhara region, which also produces 26.6 % of national honey production using traditional hives.
The SNNP region has 15.3% of the hives and contributes 15.5%0f the honey production (Teferi
2018).

2.4.2. Honey production in the Amhara region

Ambhara region is the most honey production region in Ethiopia. It is also endowed with a
several of agro-ecological zones that are favorable for apiculture, and the natural vegetation
coverage is relatively high. As a result, the honeybee population is dense and output is relatively
high in this region. The Amhara Regional State had 1.36 million (23.2%) beehive colonies and
produced 11,118.25 tons (26.2%) of honey (Bihonegn and Addisu 2021). The estimated number
of bee colonies managed in traditional, transitional and frame hives were 1,321,173; 10,555 and
107,016, respectively, producing 10894.4; 10.6 and 1,341.4 tons of honey. The major honey
producer zone includes East Gojam, West Gojam, Awi, South Gonder, South Wello, North
Gonder, North Wollo, and Wag Himra. From total production of the region covered by North
Gonder, East Gojjam, West Gojjam, Awi, South Wollo, and South Gonder which account for
90% of the region, produce honey at levels of 32.2 %, 14.3%, 13.9%, 10%, 9.3%, and 9.1%,
respectively (Adebabay Kebede et al. 2008; Yeserah et al. 2020).



2.5. Chemical profile and Composition of Honey

Alkanes, alkenes, aromatics, halogenated hydrocarbons, alcohols, aldehydes, ketones, and other
organic compounds are examples of volatile organic compounds (VOCSs), which are organic
compounds that are prone to volatilize at room temperature, have a high vapor pressure, and are
poorly soluble in water (Baroni et al. 2006). Honeybees visit a variety of flowering plant species
in need of nectar and pollen grains. Bees receive some pollen from plant flowers when they take
nectar from flowers or when they feed plants. Some pollen remains in the honey after the nectar
is turned to honey in the hive. While nectar is the main source of carbohydrates for honeybees,
pollen is the bee's major source of starch, protein, minerals, and vitamins (Adekanmbi and
Ogundipe 2009). According to Barra et al (2010) report volatile substances that present in honey
include 3-hydroxy-2-butanone with an area percentage between 1.63 and 10.30 %, ethanol with
an area percentage between 14.9 and 69.21 %, and acetic acid with an area percentage between
17.32 and 36.15 %. Volatile composition such as Ethanol, Toluene, Hexanal, Heptanal, 1,3-
Butanediol was detected in Portuguese multiflora honey (Pontes et al. 2007). The mineral
composition of honey depends on how naturally plants absorb minerals from the soil and
surroundings (Moniruzzaman et al. 2014). Darker honey has more mineral content than pale
honey. According to Tafere investigated average amount in 100g honey the content of Calcium,
Chlorine, Copper, Iron, Magnesium, Phosphorous, Potassium, Sodium, Zinc are 4-30 mg, 2-20
mg, 0.01-0.1 mg,1-3.4 mg, 0.7-13 mg, 2-60 mg, 10-470 mg, 0.6-40 mg, 0.2-0.5 mg respectively
(Tafere 2021). Vitamins found in honey include vitamin B6, thiamin, niacin, riboflavin, and

mainly vitamins C and E (Sawicki 2020).

2.6. Characterization of Ethiopian Honey

Ethiopia is unique, it has a wide range of agro-climatic conditions and native plants, which have
helped to support a diverse honeybee flora and a massive number of beehive colonies. With more
than 400 plant species present and known to be major honey producers, Ethiopia is predicted to
have a tremendously diverse range of honey types (Yadeta 2015). In Ethiopia, the quantity and
quality of honey are generally very low, and the honey production system is mostly based on
traditional beekeeping practices, only with about 95 % of beekeepers following techniques. The

primary way of honey varies from place to place is in its physico-chemical composition. For



instance, the concentration levels of sucrose, moisture, minerals, acidity, invert sugar, pH,
specific gravity, and water-insoluble solids in of traditional hive honey sample in Tigray were
2.37 %, 18.25 % , 22 %, 29.89 meq kg-1, 70.95 %, 4.13 %, 1.41 and 0.07 %, respectively, in the
Tigray region. The average concentrations of mineral, moisture, acidity, invert sugar, pH,
sucrose, specific gravity, and water insoluble solids were 0.18 %, 18.60 %, 29.12 megkg-1,
71.42 %, 4.04, 2.71 %, 1.40 %, and 0.03 %, respectively, in other hands honey samples taken
from a modern hive production system in the Tigray region. Honey samples were gathered from
the North Western parts of the Amhara region and had the following characteristics: moisture
(18.52 %), ash (0.23 %), sugar reducing (67.83 %), sugar free acidity (28.24mg/kg),
hydroxymethylfurfural (HMF) (6.32mg/kg), pH (3.81), and water insoluble material (3.2), all of
which are within the acceptable range of the national and international standards except for
water insoluble material (Sebeho 2015). Mulugeta et al. reported that their research in the West
Shewa Zone of Oromia region resulted the following physico-chemical characteristics of honey:
moisture: 16.61-18.64 %; electrical conductivity: 0.384-6.46 mS/cm; pH: 3.77-4.22; free acidity:
7.42-13.87 meqg/kg; reducing sugar: 61.38-72.87 %; sucrose: 6.84-15.94 %; ash=0.030-0.095%,
and total solids = 81.36-83.28 % (Mulugeta et al. 2020). Based on Ethiopian authority of
standardization report the moisture content of honey is less than 21 %, however honey sample
that collect from in whole Ethiopia the moisture content ranging is between 15.25 % and 30.45
% (‘Yadeta 2016).

2.7. Consumptions of honey in Ethiopia

One of the most important processed foods is honey since it is essential nutrients that the human
body needs in nature, including carbohydrates, amino acids, essential minerals, and vitamins
(State and Dele 2017). About 80 % of the honey produced in Ethiopia is used for traditional food
preparation, such as tej and wine making, as well as social events like festivals and weddings.
Only a very small amount is exported to other countries, mainly Saudi Arabia, Yemen, Sudan,
European countries, and United State (Yadeta 2016). Ethiopia exports the whole local honey
product through both formal and informal spot markets. Even in the absence of organized
information regarding the use of honey, it has economic and social importance for households,

smallholder farmers, industries, and other stakeholders (Aregawi 2020).



Table:1 Percentage shares of domestic consumption versus exports Ethiopia honey

Ethiopian honey Total 2002-2008 | 2008-2009 | 2009-2010 | 2010-2011
2007-2011

Domestic consumption 99.2 % 99.5 % 99.6 % 99 % 98.7 %

Exports

Exports 0.8% 0.5% 0.4 % 1% 1.3%

Generally, Ethiopia produced 163,257.42 tons of honey from 2007 to 2011, of which 99.2% was
consumed domestically and 0.8% was exported (Jenkins et al. 2013). Consumptions of honey in
Ambhara region honey also is used for the preparation of a traditional alcoholic beverage (Tej),
wine and traditional medicine, whereas bee wax is used for the preparation of a traditional
candle, which is used for religious purposes, festivals and wedding in the local area (Fikadu et al.
2017).

2.8. Factors influencing the quality of honey production

The volatile component of honey, which is mainly determined by the nectar's composition and
any possible modifications after harvest, influences the flavour of the honey (Soria and Martinez-
castro 2003). Honey quality is affected by different toxic chemicals released from the
agricultural areas during the control of a target group of organisms. Different hazardous
chemicals produced from agricultural areas while controlling a target group of organisms impact
the quality of honey. It significantly reduces the quality of honey (Bett 2017). It is also reduces
by domestic production, Lack of a federal standard of identity and Trade policies (Kennedy
1988). The other factors reduce the quality of honey are harvesting unripened honey, unsuitable
honey high moisture content, adulteration, poor packaging and poor storage conditions
(Kugonza and Nabakabya 2014). Honey influenced by natural factors (e.g; climatic conditions

and floral sources which provide nectar and pollen) (Warui et al. 2019).

2.9. Sources of volatile compounds in honey
Volatile compounds in honey obtained from various sources, they deriving from plants, or their

metabolites. Honey is one source of volatile compounds as being characteristic of a particular
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floral origin and thus useful as floral markers might be useful for differentiating between floral
origins. Some aldehydes and alcohols may be formed by microbial metabolism, while pyran and
furan derivatives arise from Maillard reactions or dehydration of sugars in an acid medium
(Castro-vazquez et al. 2009). Other sources of volatile substances include both natural and man-
made sources, including combustion of fuel and biomass, evaporation of fuel, use of solvents,
industrial operations, etc. (He et al. 2019). It also obtained from different food product such as
meat, nuts, and coffee, alcoholic beverages, orange juice lemongrass, lamb meat and it used
gives knowledge about the quality of foods and their relationship to consumers choices
(Starowicz 2021; Kosowska, Majcher, and Fortuna 2017), Volatile chemicals produced by plants
includes constituents of essential oils, are widely used commercially as flavorings, their analysis
in the food and perfume industry (Tholl et al. 2006).

2.10. Significance of volatile organic compounds (VOCs) in honey

A high concentration of volatile compounds creates a distinctive profile that serves as the
fingerprint for each type of honey and is used to distinguish between honey species from various
floral origins. Melissopalinology is a method for identifying the botanical origins of honey by
analyzing its pollen (Alissandrakis et al. 2003). The most frequent occurrence of volatiles in
honeys is in extremely low concentrations and complex mixtures of compounds with varying
physicochemical qualities and degrees of stability. Volatile organic compounds are essential to
choosing an effective extraction method (Plutowska et al. 2011). It has a significant impact on
the aroma of honey as well as its ability to identify its botanical and geographic sources. One of
the most effective methods for characterizing honey is sensory evaluation, which provides
comprehensive data on the honey's quality (Castro-Vazquez et al. 2010). The accumulation of
carbohydrates, phenolic compounds, and VOCs is dependent on climatic conditions (sunlight,
moisture), harvest and food processing operations, soil characteristics, and other factors
(KaSkoniene and Venskutonis 2010). Due to the distinct aroma, flavor, and function of each
volatile ingredient in honey, it is unique. Due to various nectar sources, bacteria in honey, and
bees' transformation of plant chemicals, it also contributes to the quality and amount of honey's
aroma varying (Pattamayutanon et al. 2017).
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2.11. Health and Environmental factors of volatile organic compounds

Volatile organic compounds (VOCs) are a group of diverse organic molecules that are produced
as gases from various liquids or solids. VOCs exposure also causes harmful health effects. The
neurological system, endocrine system, skin, and brain tumors are all significantly associated
with VOC emissions. Particularly, the primary VOC component benzene raises the danger of
leukemia, skin cancer, other cancers, birth abnormalities, and cognitive decline (Cheng et al.
2019). Depending on the amounts and length of exposure, VOCs can have a variety of negative
health impacts. Trichloroethylene and vinyl chloride are two volatile substances that are very
harmful and carcinogenic. It can easily vaporize and enter the environment when used with a
variety of products. Contaminated water that affect drinking, bathing, food preparation,
swimming, or washing are the most typical cause of such problems (David and Niculescu 2021).
Effect of harmful volatile organic compounds like benzene, toluene, ethyl benzene, and xylene
on the ozone layer, with benefits and drawbacks of this material on the creation of 0zone by NOx
(e.g., No, No2) gases. Volatile organic compounds are among the most dangerous air pollutants
because they can evaporate and go to the environment under normal conditions. These materials
provide a number of pollution problems, including the possibility of creating unwanted
photochemical ozone fog and the development of cancerous and mutagenic organisms (Berezina
et al. 2020).

2.12. Extraction method of volatile compound from Honey
The isolation of volatile components from a complex mixture such as honey in order to obtain
Representative extracts is very difficult. Methods of extracting the honey volatiles may display a
varying degree of selectivity and effectiveness depending upon the compounds involved and the

extraction conditions (Jerkovi and Marijanovi 2009).

2.12.1 Solvent Extraction

In 1995 solvent extraction and subsequent steam distillation with simultaneous solvent extraction
(Likens-Nickerson methodology) was introduced (Jerkovi and Marijanovi 2009). Solvent
extraction is one of the simplest approaches for aroma isolation. This method gives a broad range
for isolation of volatile compounds, but it consumes large volumes of solvent. Solvent extraction

is the most useful method for non-lipid food (Tinjan and Jirapakkul 2007).

12



2.12.2. Solid phase micro Extraction

Solid phase micro extraction (SPME) is highly appreciated by the food industry for the analysis
of volatile compounds (Silici 2011). Generally accepted disadvantages are relatively lot-to-lot
variations, sensitivity against organic solvents and the limited range of stationary phases which

are commercially available (Pontes, Marques, and Camara 2007).

2.12.3 Dehydration homogenous liquid-liquid extraction (DHLLE)

Recently, authors proposed a new method based on dehydration homogeneous liquid-liquid
extraction (DHLLE) for screening volatiles and semi-volatiles from honey that involves reduced
solvent and sample usage. The amounts of sample and solvents used in DHLLE were much
lower than in other available methods, but the repeatability’s and recoveries were maintained at
reasonable levels; therefore, it was found to be potentially useful for the routine screening,
fingerprinting, and detection of chemical markers in the honey phytochemical profile (Ku 2021).
This method provided the most representative VOCs profile since no heat was applied.
However, it turned out to be very selective and the obtained headspace profile was greatly
affected by the fiber type (Ku and 2 2018).

2.13. GC-MS technique

Gas chromatography—mass spectrometry (GC-MS) is a method that combines the features of gas-
liquid chromatography and mass spectrometry to identify different substances within a test
sample (R, S, and Gopinath 2013). Chromatography is the term used to describe a separation
technique in which a mobile phase carrying a mixture is caused to move in contact with a
selectively absorbent stationary phase. It also plays a fundamental role as an analytical technique
for quality control and standardization of phyto therapeutics. GC is a column chromatography
technique using an inert gas (N2, He, Ar, H2, etc.) as the mobile phase (Chromatography et al.
2022). The mass spectrometer is an instrument that can measure the masses and relative
concentrations of atoms and molecules. It is also an analytical technique that identifies the
chemical composition of a compound or sample based on the mass-to-charge ratio of charged
particles (Anjora 2012).
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CHAPTER THREE

METHODOLOGY

3.1. Study Area Description
The Amhara Region is found in the north western part of Ethiopia. It is located between 9° 20’
North to 14° * North latitude and 36° 20’ East to 40° 20’ East longitude (A. Kebede et al. 2008).
The region’s land area is estimated about 170,000 square kilometers. Its borders are Tigray in the
North, Afar in the East, Oromiya in the South, Benishangul-Gumuz in the Southwest and Sudan
in the west. The capital city of Amhara Regional State is Bahir-Dar, It includes different
administrative Zones (Azage and Kumie 2002). The major honey producer zone includes East
Gojam, West Gojam, South Gonder, and North Wollo. From total production of the region
covered by East Gojjam, West Gojjam, Awi, and South Gonder which account for 90% of the
region, produce honey at levels of 14.3%, 13.9%, 10%, and 9.1%, respectively (Adebabay
Kebede et al. 2008; Yeserah et al. 2020).The Study was conducted in Amhara region in five
administrative zones specifically Awi, East Gojjam, West Gojjam, South Gonder, and North

Wollo as represented in Figure 1.

3.1.1. Awi Zone

Awi- zone is one part of the Amhara region. It is located within the latitude of 10.95° N and
longitude of 36.5 ° E (A. Kebede 2020). The altitude of the zone ranges from as low as 550 to
3100 m.a.s.I while the annual minimum and maximum temperature ranges between 5 °C and 25
°C respectively. The average mean annual rainfall of this zone is 1700 mm (Shibabaw and Freyer
2014). This zone is mostly Woina Dega (72%) followed by Dega (17%) and Kolla (11%) Agro-
climate conditions. Awi zone is has a better rainfall distribution and irrigation practices. From
the total area of Zone 33.25% is used for farm practices. However, most of the area in the Awi

zone is (about 34.02%) is covered with forest area (Kassaye 2022).

3.1.2. East Gojjam

East Gojjam is one of the administrative zone in Amhara Region. It is located between 9.900° to
11.193° latitude, and 37.152° to 38.489° longitude. The zone is about 300 km to the northwest of
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Addis Ababa and 265 km from Bahir Dar, the capital city of the Amhara region (Asemahagn et
al. 2021). This zone is characterized by mountains including Choke Mountain, and plateaus. The
average 13 years mean maximum and minimum annual temperatures ranges between 26.2 °C

and 8.8 °C and the mean annual rainfall of the study area is 1322 mm (Kerato 2014).
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Figure 1. Map of study area
3.1.3. North Wollo

It is located between 11° N to 12° N latitude and 39° E to 40° E longitudes. The altitude of the
Zone varies from 913 to 4187 m.a.s.l and has four agro-ecological zones, namely, lowland
(Kolla) 500 to 1500 m.a.s.l, Mid- altitude (Woina-Dega) 1500 to 2300 m.a.s.l , Highland (Dega)
2300 to 3200 m.a.s.l, and Wurch > 3200 m.a.s.I covering 38, 34, 21 and 7% of the zone total
areas receptively (Gebre et al. 2017).

15



3.1.4. South Gonder

This zone is located between 11°02 * -12° 33 * N latitude and 37° 25' - 38° 43 'E longitudes. It is
bordered on the south by east Gojjam, on the southwest by west Gojjam and Bahir Dar, on the
west by Lake Tana, on the north by north Gondar, on the northeast by Wag Hemra, on the east
by north Wollo, and on the southeast by South Wollo. Based on the agro climatic classification
of Ethiopia, this zone is lies within four agro climatic zones such as Wurch (Alpine) and Kola
(tropical) accounts for 2.5% and 16% respectively whereas Woina Dega (Sub tropical) and Dega
(temperate) account 27% and 54% of the zone (Getachew 2018). Major types of vegetable crops
currently growing in the area include potato, onion, tomato, green peppers and some leafy
vegetables. Crop production takes the lion’s share of consumption and income generation of the
households. Cereal crops widely produced in the area include teff, finger millet, rice and maize,
pulse crops like chickpea and nugget or noug (Local language) are the major crops grown
(Melese et al. 2018).

3.1.5. West Gojjam

West Gojjam administrative zone is found in the south-western part of the Amhara region. The
majority of this zone lies in woinadega agro climatic condition. It is located at 11°36' latitudes
and 37°23' Longitude (Taye et al. 2013). The beekeeping potential in this region is popular for
various cultivated oil crops, pulses and field flowers, which serve as an important source of

forage for the bees (Mengistu and Beyene 2014).

3.2. Sampling and Sample Handling

Purposive sampling technique was used to collect honey samples from the selected zones in
Ambhara region. Seventeen samples were collected from five different administrative zones.
Honey samples were freshly collected from local beekeepers in five zones namely: Awi, East
Gojjam, West Gojjam, South Gonder, and North Wollo in October, November, and December
2021. After the honey samples were collected, preliminary purification with sieves like
separation of dead bees, wax sticks, particles of combs and other debris were done. To obtain a

representative samples from each sample 100 g of honey samples were taken and collected using
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sealed plastic bags. The samples were stored in a refrigerator at a temperature of 4 °C to ensure
freshness, and to prevent rapid deterioration.

Table:2 Sample collection area and the number of samples

Sample zone Number of sample | Sample code

Awi 2 Awi-37 and Awi-38

East Gojjam 4 EGJ(31,32,33,and 35)

North Wollo 3 NWL (2,6,7)

South Gonder 6 SGG-47, SGIB(16-19 ), SGF-46, SGF-45
West Gojjam 2 WGJ(23 and 27)

3.3. Apparatus, Instruments and Chemicals
3.3.1. Apparatus and Instruments

The apparatus and instrument that were used for this research work includes: Incubator
(constant temperature and humidity incubator), Gas chromatography-Mass spectroscopy (GC-
MS) (Agilent technologies triple quad GC-MSD with 7890BGC and 5977B MSD system),
beaker (10 ml), refrigerator (digital inverter technology Samsung model DA99-00630E0 USA),
membrane filtration, syringe, Vials, spatula, shaker (model DLAB: SK-0180-S USA), Plastics
bag, brush, electronic balance, measuring cylinder (10 ml) and oven (scientific natural flow
type model Delhi-1100200 India) at 80 .

3.3.2. Chemicals

Chemicals that were used for this Study include: deionized water, anhydrate sodium sulfate
(NaxSO4 99 % India), helium (used as carrier gas), and dichloromethane (CH,Cl,) used for the

laboratory analysis (used as extraction solvent). All chemicals were of analytical grade.
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3.4. Procedures of Analysis

3.4.1 Sample Preparations
Apparatus cleaning

Before the sample is collected, all apparatus were washed with tap water using detergent (very
effective to removing contaminants). In this study we were used a wire brush to remove some
residue that exist in the apparatus. The apparatus was rinsed with distilled water and dried before
use and washed with distilled water before the next analysis. Cleaning laboratory apparatus is

important because contaminated or dirty apparatuses can lead to inaccurate results in the lab.
Solvent extraction procedure

All samples were extracted with the procedures reported by (Castro-Vdzquez et al. 2003) some
modifications. Briefly weighted 2.5 g of honey sample mix with 12.5 mL of dichloromethane
(1:5w/v ) were shaken at 300 rpm for 60 minutes at a room temperature The organic layer
was taken and sodium sulphate was added to remove any water molecules. The DCM extract was

filtered using Acrodisc syringe filter and filtered sample was placed in GC vial for analysis.

3.5. Analysis of volatile compounds with GC-MS

The GC-MS analysis was carried out by using Agilent technologies triple quad GC-MSD with
7890BGC and 5977B MSD system equipped with auto-sampler. Chromatographic separations
were carried out using HP-5 capillary column with 15 m length, 0.25 mm internal diameter and
0.25 ym column phase thickness. Injection mode was split-less, helium was the carrier gas and 1
uL volume of the sample was injected at a constant flow rate of 1 mL/min to the inlet heated to
275 . Initial oven temperature was 50 ° C with 2 min hold time then heated to 200 ° C with
ramp of 10 ° C/min and 3 ° C/min to 240 ° C. Conditions used for the mass spectrometer were a
temperature of 230 °C for the ion source and 150 °C for quadruple, scan range 40-650 m/z,
operating in positive electron impact mode with ionization energy of 70 eV. Chromatographic
and mass spectral data were processed by using the instrument built in MS-library (MS Mass
Hunter; Agilent Technologies, USA). The volatile components were identified from the NIST

((US National Institute of Standards and Technology) 14 library.
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CHAPTER FOUR

RESULT AND DISCUSSION

4.1. Volatile compounds in honey samples

GC-MS analysis of the solvent extracts of seventeen local honey sample from different areas in
Ambhara region, north part of Ethiopia. After extraction and separation, 42 different volatile
compound were identified. These identified volatile compounds were classified in to different
functional group as: hydrocarbons (13), Alcohol (8), acids (5), aldehydes (5), ketones (3),
Amides (2), Ester (2), Amin (1), ether (1) and others (2). The 42 identified compounds were
listed in Table 3-7.

The more abundance volatile compound was Hexadecane (62.9%), found in South Gonder zone,
which more characterize and volatile compounds such as 9-Octadecenamide 0.08 % lower
abundance indicate less characterized. From total identified compounds such as 1, 8-Nonadien-3-
01 and Dihydroxanthin were found in all analyzed samples with area of percentage between 0.3-
22.2 and 0.15-17.2 respectively. Organic acids such as Cis-10-Heptadecenoic acid also detected
in all analyzed sample with rang between 0.13-40.2 percent. Benzene acetaldehyde was only
compounds detected in East Gojjam (code EGJ-32) with area of percentage (1.2%). 5-
Hydroxymethylfurfural present only in Awi zone with area of percentage (15.6 %). The most
important compounds were includes, Oleic Acid, Dihydroxanthin, 1-Heptatriacotanol, and 1, 8-
Nonadien-3-01 present in most of sample, however they have different area percentage including
the same sample zone. Most of these compounds were identified as volatiles in previously
reported by several other studies using the ether same extraction or different extraction method
(Ku 2021and Jerkovic; Loh et al. 2011; Nurul et al. 2013). Organic compounds present in a
honey sample is dependent on its floral origin, foraging habits and physiology of the bees as well

as on the isolation and detection techniques (Barra et al. 2010).
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Table: 3 Volatile compounds detected in four selected woreda of East Gojjam Zone.

Code Compounds Name M. formula R.T (min) Area % identification
by

Sample Code EGJ-31

1,8-Nonadien-3-ol CyH160 11.8 1.56 GC-MS/ NIST

Dodecane, 4,6-dimethyl- C14H30 23. 14.13 GC-MS/ NIST
4-Methyldocosane C23H48 23.8 2.4 GC-MS /NIST

Z,7-2,5-Pentadecadien-1-ol CisHz50 26.5 1.62 GC-MS/ NIST

Hexadecane CisHaa 27.6 16 GC-MS/ NIST
3-Ethyl-2-pentadecanone C17H34,0 9.9 2 GC-MS/NIST
Dihydroxanthin C17H2405 30.2 2.2 GC-MS/NIST
Disulfide, di-tert-dodecyl Ca4Hs0S; 31.6 2.8 GC-MS/ NIST
Carbonic acid, eicosyl vinyl ester  C3H4403 34.8 7.9 GC-MS/ NIST
Octadecanal, 2-bromo- C1gH35Bro 44.3 1.7 GC-MS/ NIST
Heptacosane Co7Hs6 49.7 16.6 GC-MS/NIST
Sample Code EGJ- 32

Benzene acetaldehyde CgHsO 6.6 1.26 GC-MS/NIST
Dodecane, 4,6-dimethyl- C1sH3o 15 2.4 GC-MS/NIST
9-Octadecenamide C1gH3sNO 29.7 0.08 GC-MS/ NIST
1,8-Nonadien-3-ol CyH160 19.8 0.334 GC-MS/NIST
Disulfide, di-tert-dodecyl Ca4Hs0S; 23.5 0.73 GC-MS /NIST
Octadecanal, 2-bromo C1sH35Bro 26.2 0.38 GC-MS/NIST
Oleic Acid Ci6H34S 36.6 0.09 GC-MS/ NIST
cis-10-Heptadecenoic acid C17H3,05 37.3 0.13 GC-MS/NIST
Dihydroxanthin C17H2405 54 0.15 GC-MS/NIST

20




Cont... From Table 3

Code Compounds Name M. formula R.T (min) Area% identification by
Sample Code EGJ-33

1,8-Nonadien-3-ol CoH160 31.2 22.2 GC-MS/ NIST
n-Hexadecanoic acid C16H320; 40.2 0.8 GC-MS/NIST
9-Hexadecenoic acid C16H3002 36.1 56 GC-MS/NIST
7-Methyl-Z-tetradecen-1-ol acetate C;7H3,0; 42.4 28.8 GC-MS/ NIST
Octane, 1,1'-oxybis- C16H340 6.9 3.9 GC-MS/ NIST
Dihydroxanthin C17H2405 47.6 0.28 GC-MS/ NIST
Oleic Acid CigH340; 46.1 0.28 GC-MS/ NIST
Sample Code EGJ-35

1,8-Nonadien-3-ol CoH160 38 5.33 GC-MS/ NIST
9-Hexadecenoic acid C1sH3402 41.9 0.35 GC-MS/ NIST
Oleic acid Ci1gH3402 45.4 2.78 GC-MS/ NIST
7-Methyl-Z-tetradecen-1-ol acetate C;7H3,0; 57 0.52 GC-MS/ NIST
Dihydroxanthin C17H2405 54 0.98 GC-MS/ NIST

Honeys with the same floral sources can vary due to seasonal climatic variation. In the analyzed
this study, there were some compounds that were not present in floral honeys.
volatile compounds such as Oleic Acid was detected in all analyzed sample in East Gojjam
except (code EGJ-31). Therefore the presence or absence of a particular compound in a
particular type of honey could be a characteristic feature for a specific type of honey (Silici
2011). The natural origin of all these compounds in the samples is probably from bee wax or

plant wax which contains a variety compounds that include very long chain hydrocarbons,

alcohols, acids or others (Jerkovic™ et al. 2009)
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Table: 4 Volatile compounds identified in the two selected woreda of Awi zone.

Code  Compounds Name

M. formula R.T (min) Area % identification by
Sample code Awi 37
Octane, 1,1'-0xybis C16H340 6.93 1.36 GC-MS/ NIST
Decane, 2,3,5,8-tetramethyl- Ci4H30 15 1.6 GC-MS/ NIST
1,8-Nonadien-3-ol CoH160 27.6 1.3 GC-MS/ NIST
1-Octanol, 2-butyl C12H260 31.2 2.68 GC-MS/ NIST
4-Octadecenal Ci1sH340 31.15 0.43 GC-MS/ NIST
Albuterol Ci13H21NO3 36.1 0.7 GC-MS/ NIST
Paromomycin Co3Hi5N5014 41.4 0.84 GC-MS/ NIST
n-Hexadecanoic acid C16H320- 40.3 22.7 GC-MS/ NIST
9- Hexadecanoic acid C16H300- 42.2 1.00 GC-MS/ NIST
N-2,4-Dnp-L-arginine C12H15N60s 41.18 0.82 GC-MS/ NIST
Pentacosane CasHs 43 8.1 GC-MS/ NIST
Carbonic acid, eicosyl vinyl ester CosHso 44.3 28.8 GC-MS/ NIST
Oleic Acid C1gH340; 44.5 1.4 GC-MS/ NIST
13-Heptadecyn-1-ol C17H30 45.3 9.2 GC-MS/ NIST
1 Albuterol Cs7H7%0 46.3 0.6 GC-MS/ NIST
Z-5-Methyl-6-heneicosen-11-one C2H40 48.1 3.0 GC-MS/ NIST
Tetracosane CosHsg 48.2 2.7 GC-MS/ NIST
Heptacosane Co7Hsg 49.2 7.3 GC-MS/ NIST
Dihydroxanthin C17H2405 50.5 0.99 GC-MS/ NIST
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Cont...from Table 4

Code Compounds Name M. formula R.T (min)  Area % identification by
Sample Awi- 38

5-Hydroxymethylfurfural CsHsO3 12.8 15.6 GC-MS/ NIST
1,8-Nonadien-3-ol CyH160 14.7 4.64 GC-MS/ NIST
2-Cyclohexylpiperidine CpiH2N 29.4 5.44 GC-MS/ NIST
Carbonic acid, eicosyl vinyl ester Cy3Hz403 32 34.7 GC-MS/ NIST
7,11-Hexadecadienal C16H280 37.9 3.22 GC-MS/ NIST
13-Heptadecyn-1-01 C17H30 44.5 1.2 GC-MS/ NIST
cis-10-Heptadecenoic acid C17H3,05 49.7 3.6 GC-MS/ NIST
Dihydroxanthin C17H2405 49.6 2.28 GC-MS/ NIST
Oleic Acid CisH340; 52 2.2 GC-MS/ NIST

As indicated table six N-2, 4-Dnp-L-arginine was only volatile constitutes detected in Awi zone
(code Awi-37) with area of percentage account 0.8 %. Lists the compounds identified by their
GC retention time (R.T.) molecular formula by related with the name of compounds. Volatile
compounds identified in the two selected woreda of Awi zone represented in Table 6.
Hydrocarbons such as Octane, 1,1'-oxybis (1.36%), Decane, 2,3,5,8-tetramethyl- (1.6%),
Tetracosane (2.7%) and Heptacosane (7.3%) were found only in (code Awi-37) not detected in
other sample area of Awi zone, however they were identified in other analyzed sample with
different area of percentage. This statement indicated that extracting the volatile fraction may

show varying degree of selectivity and effectiveness depending upon the compounds involved in

honey (Alissandrakis et al. 2005).
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Table: 5 Volatile compounds identified in the three woreda of North Wollo

Compounds Name M. formula R.T Area % identification by

Sample Code NWL-2

1,8-Nonadien-3-ol CoH160 25.3 11.3 GC-MS/ NIST
1-Octanol, 2-butyl C12H260 27.5 16.8 GC-MS/ NIST
Hexadecyl octyl ether Ca4Hs500 27.6 9.8 GC-MS/ NIST
cis-10-Heptadecenoic acid C12H260 31.3 40.2 GC-MS/ NIST
Albuterol C19H360 33.4 1.9 GC-MS/ NIST
9-Hexadecenoic acid C17H3,05 34.7 1.2 GC-MS/ NIST
Folic Acid C17H3,0; 47.7 2.19 GC-MS/ NIST
Code NWL-6

1,8-Nonadien-3-ol CoH160 12.3 1.27 GC-MS/ NIST
Dihydroxanthin C17H2405 47.9 0.8 GC-MS/ NIST
2-Bromo Dodecane C1oHos5Br 14.7 3.5 GC-MS/ NIST
Hexadecane Ci6H3a 27.6 22.9 GC-MS/ NIST
10-Octadecenal Ci6Hss 27.8 0.45 GC-MS/ NIST

Volatile compounds such as 10-Octadecenal, Oleic Acid, and Dihydroxanthin were lowest
abundance than other in North Wollo Zone. Oleic Acid was different in numbers however low in

abundance. In other side cis-10-Heptadecenoic acid, Hexadecane were most abundance volatile
in North Wollo.
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Cont. From Table 5

Compounds Name M. formula  R.Time Area % identification by
Sample Code NWL-7
1,8-Nonadien-3-ol CoH160 14.9 0.76 GC-MS/
NIST
Carbonic acid, eicosyl vinyl ester  CigHa1 38 94 GC-MS/
NIST
Dihydroxanthin C17H2405 39 2.48 GC-MS/
NIST
Oleic Acid CisH340; 40.6 0.5 GC-MS/
NIST
Disulfide, di-tert-dodecyl CosH50S- 34.7 4.2 GC-MS/
NIST
7-Methyl-Z-tetradecen-1-ol acetate C;7H3,0, 37.3 0.6 GC-MS/
NIST

Most of volatile compounds identified this Study also previously reported by several other
studies using the ether same extraction or different extraction method (Ku 2021and Jerkovic;
Loh et al. 2011; Nurul et al. 2013). Organic compounds present in a honey sample is dependent
on its floral origin, foraging habits and physiology of the bees as well as on the isolation and
detection techniques (Barra et al. 2010). Different class of volatile compounds detected in other
types of honey but not present this Study were Hotrienol, Methyl indole-3-acetate, Toluene, 1-
Octene, Octane, Methyl syringate, phenyl acetaldehyde, furfuryl alcohol and include other (Ku
anddlgor Jerkovi” 2018; Tananaki 2007; Soria et al. 2003).
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Table: 6 Volatile compounds identified in the two selected woreda of west Gojjam zone

Code Compounds Name M. formula  R.t (min) Area % identification by
Sample Code WGJ-27

2-Bromo Dodecane CioH2sBr 14.7 2.7 GC-MS/ NIST
1,8-Nonadien-3-ol CoH160 15.5 0.7 GC-MS/ NIST
3-Ethyl-2-pentadecanone C17H3,0 15.8 0.77 GC-MS/ NIST
2-Cyclohexylpiperidine C11H21N 26 0.6 GC-MS/ NIST
Hexadecane CisHaa 27.6 14 GC-MS/ NIST
Nonadecane C1oH49 31.3 15.2 GC-MS/
NIST cis-10-Heptadecenoic acid C17H3,0, 31 0.58 GC-
MS/ NIST

7,11-Hexadecadienal CieH250 36.2 0.53 GC-MS/
NIST

Dihydroxanthin C17H2405 43.2 0.77 GC-MS/
NIST

Octadecanal, 2-bromo- Ci1gH3sBroO 43.3 0.62 GC-MS/ NIST
1-Heptatriacotanol Cs7H760 45.3 1.45 GC-MS/
NIST

Heptacosane Co7Hsg 44.3 51 GC-MS/ NIST

Compounds such as 2-Cyclohexylpiperidine (0.6%), 1, 8-Nonadien-3-ol (0.7 %) and  6-
Octadecenoic acid (0.46 %) were lost volatile compounds in West Gojjam Zone. In West
Gojjam Zone detected compounds mostly lower than all analyzed sample in this Study. The most

abundance volatile compounds in West Gojjam Zone was Nonadecane (15.2 %).
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Cont ...from Table 6

code Compounds Name M. formula R.T (min) Area % identification by
Code WGJ-23

4-Ethyl-1-hexyn-3-ol CsH140 8.3 6.4 GC-MS/ NIST
Heptadecane Ci7Hs6 31. 1.7 GC-MS/ NIST
6-Octadecenoic acid CisH340, 38.6 0.46 GC-MS/ NIST
Octadecane, 2-bromo- CigH3sBro 57 0.8 GC-MS/ NIST
Oleic Acid Ca9Hs5002 45.5 1.2 GC-MS/ NIST

Table: 7 Volatile compounds identified in the six selected woreda of South Gonder zone

Code Compounds Name M. formula R.T (min)  Area % identification
by

SGIB-16

1-Decene, 4-methyl- CuiH2 6.9 2.3 GC-MS/ NIST
1,8-Nonadien-3-ol CyH160 11.8 2 GC-MS/ NIST
2-Bromo Dodecane C1oHsBr 14.7 3.5 GC-MS/ NIST
Disulfide, di-tert-dodecyl Ca4H50S; 15.3 3.6 GC-MS/ NIST
Octan-2-one, 3,6-dimethyl- C1oH200 23.4 3.4 GC-MS/ NIST
Hexadecane Ci6H3a 27.6 31.6 GC-MS/ NIST
Dihydroxanthin C17H2405 32.8 2 GC-MS/ NIST
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Cont... From Table 7

code Compounds Name M. formula R.T (min)  Area% identification by

Sample code SGIB- 17

1,8-Nonadien-3-ol CoH160 24 3.31 GC-MS/ NIST
Dodecane, 4,6-dimethyl- C14H3o 15 18 GC-MS/ NIST
2,4-Di-tert-butylphenol C14H2,0 24.2 1.8 GC-MS/ NIST
cis-10-Heptadecenoic acid C17H3,0, 27.3 1.45 GC-MS/ NIST
Hexadecane CisHaa 27.6 28.4 GC-MS/ NIST
Heptadecane Ci7Hs6 31.3 27 GC-MS/ NIST
Octadecane, 2-bromo- C1gH3sBroO 42.3 1.38 GC-MS/ NIST

Sample code SGIB-19

1-Heptatriacotanol Cs7H760 41.6 2.3 GC-MS/ NIST
2-Cyclohexylpiperidine CuiH21n 42.7 4.3 GC-MS/ NIST
1,8-Nonadien-3-ol C9H160 23 7.5 GC-MS/ NIST
7- Methyl-Z-tetradecen-1-ol acetate C;7H3,0; 40.2 5.0 GC-MS/ NIST
Octadecanal, 2-bromo- C1sH35Bro 47.4 2.5 GC-MS/ NIST
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Cont... From Table 7

code  Compounds Name M. formula  R.t (min) Area % identification by

Sample code SGG -47

1,8-Nonadien-3-ol CoH160 19.8 6.4 GC-MS/ NIST
Hexadecane Ci6Hazs 27.6 62.9 GC-MS/ NIST
Dihydroxanthin C17H2405 30.2 10.2 GC-MS/ NIST
Disulfide, di-tert-dodecyl  Cy4Hs0S> 31.6 12.7 GC-MS/ NIST

Sample code SGF-46

Disulfide, di-tert-dodecyl Ca4H50S; 16.9 26.5 GC-MS/ NIST
1,8-Nonadien-3-ol CyH160 23.8 7.8 GC-MS/ NIST
Hexadecane CisHaa 27 61.6 GC-MS/ NIST
Dihydroxanthin C17H2405 55.2 3.9 GC-MS/ NIST
1-Heptatriacotanol Cs7H760 46 7.05 GC-MS/ NIST

Sample code SGF-45

1,8-Nonadien-3-ol CoH160 27.6 42.6 GC-MS/ NIST

Octadecanal, 2-bromo- C1sH35Bro 19.1 37.1 GC-MS/ NIST
Dihydroxanthin C17H2405 38.1 17.2 GC-MS/ NIST
1-Heptatriacotanol Cs7H760 43.1 20.9 GC-MS/ NIST

Alcohols such as 1,8-Nonadien-3-ol with area of ( 2%), Dihydroxanthin (2 %) were lowest
abundance in South Gonder zone and similarly Hexadecane (62.9%) were highest abundance

volatile in West Gojjam Zone as well as all analyzed sample.
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4.2. Identification of volatile compounds
In this Study different compounds were identified in seventeen sample of honey, however each

identified compounds were different abundance.

Aldehydes were identified in the analyzed sample included; Benzene acetaldehyde, 4-
Octadecenal, 7, 11-Hexadecadienal, 10-Octadecenal were identifies in this Study. From this 7,
11-Hexadecadienal was detected in different area of sample with maximum abundance of 3.2 %
found in Awi. 4-Octadecenal was at lowest abundance 0.43 % found in also in Awi. Other
identified Aldehydes was benzalacetaldehyde was found in East Gojjam sample, with an area
percentage of 1.26 %. it also identified central Chile honey using solid phase micro extraction
coupled with GC-MS analysis with area of percentage between (0.41-1.21 %) (Barra et al.
2010). Additionally it was mentioned in honey samples using unifloral Honey by SPME
companied with GC-MS technique in Spanish honeydew honey (baroni et al. 2006; castro-
va'zquez et al. 2006a).

Alcohols were detected in this study included; 1, 8-Nonadien-3-01, Z, Z-2, 5-Pentadecadien-
1-o0 |, 1-Octanol, 2-butyl, 13-Heptadecyn-1-ol, 1-Heptatriacotanol, 4-Ethyl-1-hexyn-3-ol, and 2,
4-Di-tert-butylphenol. 1, 8-Nonadien-3-01 had the highest area percentage of 22.2 % in East
Gojjam, it was present all analyzed sample range between 0.33-22.2percent. The lowest
abundance alcohol also detected in the sample area East Gojjam (code EGJ 32) account 0.33 %
,which is 1, 8-Nonadien-3-01. It is highly difference between the same volatile constituent and
different abundance. Z,Z-2,5-Pentadecadien-1-ol investigated other extraction technique in
Korea honey by Gas Chromatography-Mass Spectrometry using SPME Extraction with area of
percentage Methods 5.9 %, which higher than this Study (Dekebo et al. 2018).

Hydrocarbons such as Heptacosane, Hexadecane, Pentacosane, Tetracosane,Nonadecane
Heptadecane were the hydrocarbons identified in this studied range between 2.7-62.9 %.
Hexadecane was the most high abundance hydrocarbon in South Gonder especially (code SGG-
47). The lowest abundance hydrocarbon was Tetracosane (2.7 %). These hydrocarbons
investigated different studies in Malaysian tualang honey type includes Heptacosane 6.34 %
Tetracosane 1.35 %, Pentacosane 1.97 %, which was lowest than in the present study (Nurul et
al. 2013).
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Ketones such 3-Ethyl-2-pentadecanone and Z-5-Methyl-6-heneicosen-11-one were identified.

They was present in East and West Gojjam with area of percentage 2% and 0.77 % respectively.

Organic acids are also common in honeys of different sources mostly exist in naturally. They
were also identifies in this study such as Oleic Acid (0.09 %), Cis-10-Heptadecenoic acid (0.13
%), n-Hexadecanoic acid (0.8%), 9-Hexadecenoic acid (56%), n-Hexadecanoic acid (22.7%) and
9- Hexadecanoic acid (1 %).

Furan derivatives includes such as 5-hydroxymethylfurfural was identified and found only
in Awi (15.6%). it also mentioned unifloral honey using the GC-MS analysis with area
percentage of 5-hydroxymethylfurfural was 0.17% (Loh et al. 2011). Such like organic
compounds during processing and storage conditions of the honeys rather than their floral
origins. It have been reported as the major flavor compounds unifloral honeys obtained with a
dynamic headspace SPME GC-MS system particularly in lavender honey (Amina et al. 1992).
This compounds indicate a possible loss of freshness due to prolonged storage and exposure to
high temperatures; their concentrations increase over time with increase in temperature (Castro-
Va’'zquez et al. 2007). According to Zappal et al. (2005) investigation HMF content of honey
after processing must not be higher than 80 mg/kg.

Carbonic acid, eicosyl vinyl ester (9.4 %), 7-Methyl-Z-tetradecen-1-ol acetate were detected in
the present study found in North Wollo and Awi with area of percentage range was between 9.4 -
34.7 %. Hexadecyl octyl ether was one of volatile constraints found only North Wollo its area
Percentage was 9.8 %. Dodecane, 4, 6-dimethyl is an alkane volatile compound that is Dodecane
substituted by methyl groups at positions 4 and 6. It was identified in this investigation using
solvent extraction. They were found only in East Gojjam (2.4 and 14.3 %) and south Gonder
with area of percentage 18 %. 4-Methyldocosane was found in only East Gojjam honey with area
of percentage 2.4 %. Other detected in honey was Disulfide, di-tert-dodecyl, which is mostly
natural product. It detected in the three zone such as North Wollo, East Gojjam and south Gonder
with area of percentage range between 0.73-26.5 %t. It highest range in South Gonder and lowest
in East Gojjam. Two Octadecanal, 2-bromo- it was found in East Gojjam percentage was 0.38
and 1.7 %, three Octadecane, 2-bromo- compounds also present in south Gonder with area of
percentage (1.38 % lowest one) and 37.1 % highest one. 9-Octadecenamide it is one of amide

group detected in only in the East Gojjam, its abundance was 0.08 %, it was the lowest
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abundance volatile compounds in this Study. Not all volatile compounds have a significant
impact on honey’s aroma; however, some volatile compounds even present in low abundance

can equally contribute significantly to honey’s aroma (Castro-Va zquez et al. 2007).

Another relevant group of compounds present in this Study samples was 7-Methyl-Z-
tetradecen-1-ol acetate also found different honey sample with rang 0.52 -28.8 %. Cis-10-
Heptadecenoic acid is organic acid found in the four the zones such as south Gonder, West
Gojjam, North Wollo and Awi, however they have different abundance with range 0.58-40.2 %.
2-Cyclohexylpiperidine was found in many sample of honey with different abundance with area

of percentage range between 0.6-5.44 percent.

Others detected volatile compounds includes Disulfide, di-tert-dodecyl found in this study in
two honey sample of East Gojjam, it percentage area was 2.8, and 0.73 %. Octadecanal, 2-
bromo- found in East Gojjam and Awi zone with area of percentage in east were 0.38 and 1.7 %
and 1.6 % in Awi. N-2, 4-Dnp-L-arginine found only Awi it abundance is low (0.82 %). 2-
Bromo Dodecane and 1-Decene, 4-methyl- were found in South Wollo with area of percentage
was only 3.5 % and 2.3 % respectively. Dihydroxanthin were detected most analyzed sample in
this Study range between 0.15-17.2%, which was high deference between lowest and highest
abundance compounds. It occur because of differences between plant varieties, geographical
origins, or beekeeping practices and floral origin of honey (Castro-varquez et al. 2006) Albuterol

is volatile constituents only two zone such as Awi (0.7 %) and South Wollo (1.9 %).
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Table: 8 Comparession volatile compound that detected in honey in the five zones

Zones Awi W. Gojjam E. Gojjam S. Gonder North Wollo

Compounds Area %

1,8-Nonadien-3 | 1.3-4.64 | 0.7 0.334-22.5 2-71.5 0.76-11.3

Dihydroxanthin | 0.28-0.99 | 0.77 0.28-2.2 3.9-17.2 0.8-2.4

9-Hexadecenoic | 1 Not detected | 0.35-56 Not detected | 1.2

acid

Oleic acid 1.2-2.4 1.2 0.09-0.28 Not detected | 0.5

Hexadecane Not 31.6 16 28.4-62.9 22.9
detected

Octane, 1,1'-|1.36 Not detected | 3.9 Not detected | Not detected

oxybis-

Heptacosane 7.3 51 16.6 Not detected | Not detected

n-Hexadecanoic | Not Not detected | 0.8 Not detected | Not detected

acid detected

Albuterol 0.7 Not detected | Not detected | Not detected | 1.9

Different volatile compounds were detected in the Awi zone. The most abundance compound in
Awi was Carbonic acid, eicosyl vinyl ester (34.7 %), which highest than in South Wollo (9.4 %)
and (7.9 %) in East Gojjam. 4-Octadecenal (0.43%) acid also present in lowest amount. Some
constituents such as 1-Heptatriacotanol (0.6 %), Albuterol (0.7 %) were very lowest than 1-
Heptatriacotanol (20.9 %) in South Gonder and Albuterol (1.9 %) South Wollo. Classes of
volatile compounds, which detected in Awi was 4-Octadecenal (0.43 %) but not detected in other
zone, found (code Awi-37). East Gojjam the most abundance compounds was 9-Hexadecenoic
acid 56 %, it also reported in previous Study with area of percentage 0.25 % Sulla Honey using

solvent extraction coupled with GC-MS analysis (Jerkovic et al. 2010).
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Chart: 1 Percentage composition of five zones Amhara region honey

|

B Alydehydes

M ketons

m alcohols
hydrocarbons

M Acides

M others

B Amides

M Esters

Volatile compounds such as hydrocarbons high percentage compositions than other functional
group. 31 % of composition covered by hydrocarbons. Ether and Esters were lowest percentage
composition. Solvent Extraction followed by GC-MS is a useful method for isolation of volatile
compounds in honeys, as the approach avoids heating of samples and allows fast extraction of
volatile compounds in honeys. Our results suggest that Dichlomethane is the organic solvent to

extract the active constituents of some selected Amhara region honey.
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CHAPTER FIVE

5. CONCLUSION AND RECOMMENDATION

5.1. Conclusion

Honey is a very complex product and has various properties and composition depending not only
on the nectar-providing plant species but also on bee species, geographic area, and season and
storage system. Solvent extraction followed by GC-MS analyzed is a useful method for isolation
of volatile compounds in honeys, as the approach avoids heating of samples and allows fast and
efficient quantification of volatile compounds found in honeys, reducing the sample and solvent
consumption. In this Study totally 42 volatile constituents were identified from some of selected
part of Amhara region honey was identified, were identified, which classified different chemical
formula and functional group includes hydrocarbons (13), Alcohol (8), acids (5), aldehydes (5),
ketones (3), Amides (2), Ester (2), Amin (1), ether (1) and others (2). Volatile compounds were
more abundance volatile compound was Hexadecane (62.9%) in all analyzed sample, found in
South Gonder zone, which more characterize and volatile compounds such as 9-Octadecenamide

0.08 % lower abundance indicate less characterized.

5.2. Recommendation

Based on the result this Study the following recommendation is forwarded,;

Volatile compounds in Amhara region honey was first time identified and characterized.
Therefore further research needed to more characterize the aroma and floral origins of
these honeys includes high number of samples, different solvent and extraction methods

may be high molecular weight volatile compounds is identified.
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