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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Doctor of Philosophy 
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COCKERELL BEES 
 

By 
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June 2021 
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Honey is the natural sweet substance produced by honeybees from the nectar of plants 

or excretions of plant-sucking insects on the living parts of plants. Honey, has been used 

for anti-ageing, enhancing libido and immune system, treatment of bronchial phlegm, 

and relieving sore throat, cough, and cold. Honey possesses various pharmacological 

properties and health benefits such as anti-inflammatory, antioxidant, anti-cancer 

activities. Thus, honey is prone to be adulterated through inappropriate labelling and fake 

mixing with cheap and low-quality honey, sugars, and other substances. Consumption of 

adulterated honey may cause several health modifications such as weight gain, diabetes, 

liver, and kidney dysfunction. A standard protocol to develop honey toxicity in zebrafish 

is still uncertain due to unpredictable factors. So, in this study, an optimized protocol 

was developed to investigate honey toxicity and metabolite fingerprinting in zebrafish, 

embryo and adult. Therefore, the aims of this study were: 1) to determine the lethal 

concentration (LC50) of adulterated honey using zebrafish embryo, 2) to elucidate 

toxicology of selected adulterated honey based on lethal dose (LD50) using adult 

zebrafish, 3) to determine the effects of adulterated honey on histological changes of 

zebrafish and, 4) to screen the metabolites profile of adulterated honey by using zebrafish 

blood serum. Hence, two types of honey were collected from the acacia environment 

(Heterotrigona itama and Apis mellifera). Pure H.itama was adulterated by different 

types of sugar such as light corn sugar, cane sugar, inverted sugar, and palm sugar (in 

the proportion of 1-3% (w/w) from the total volume). On the other hand, acid adulterants 

such as acetic acid, citric acid, and tamarind were added to A.mellifera honey in the 

proportion of 3, 5, and 7% (w/w). The LC50 was determined by the toxicological 

assessment of honey samples on zebrafish embryos in different exposure concentrations 

in 24, 48, 72, and 96 hours’ post-fertilization (hpf). Pure A.mellifera and H.itama honey 

represent the LC50 of 31.10±1.63 (mg/ml) and 34.40±1.84 (mg/ml) at 96 hpf, 

respectively. Acetic acid has the lowest LC50 (4.98±0.06 mg/ml) among acid adulterants 

while inverted sugar represents the lowest LC50 (5.03±0.92 mg/ml) among sugar 

adulterants. The highest concentration (7% for acids and 3% for sugar) of adulterants 

were used to study the toxicology of adulterated honey using adult zebrafish in terms of 
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acute, prolong-acute, and sub-acute test. The results of the LD50 from the sub-acute 

toxicity test of pure A.mellifera and H.itama honey were 2.18±0.45 (mg/ml) and 

2.33±0.04 (mg/ml), respectively. The histological studies of internal organs show a 

lesion in the liver, kidney, and spleen of adulterated treated-honey groups compared to 

the control group that can be extrapolated to the human tissue alteration. Furthermore, 

the LC-MS/MS method was used for metabolite profiling from the zebrafish’s blood 

serum which were force-fed by pure and adulterated A.mellifera and H.itama honey. 

Chemometrics analysis was performed by correlating the metabolites detected with 

toxicity of pure and adulterated honey samples using orthogonal partial least square 

discriminant analysis (OPLS-DA) model. These results revealed six endogenous 

metabolites in both pure and adulterated honey treated group as follow: (1) Xanthotoxol, 

(2) S-Cysteinosuccinic acid, (3) 2,3-Diphosphoglyceric acid, (4) Cysteinyl-Tyrosine, (5) 

16-Oxoandrostenediol, and (6) 3,5-Dicaffeoyl-4-succinoylquinic acid.  

 

 

The zebrafish toxicity test could be a standard method for assessing the potential toxicity 

of honey toxicology. According to this study, all studied adulterants have health 

disadvantages toward human health based on their LC50, LD50 value and internal organ 

toxicology. According to a significant (p ≤ 0.05) increase of mortality rate (%) of 

zebrafish- embryo and adult- in both sugar and acid adulterated honey, it proved that 

food additives, may not be beneficial toward human health all the time. The kidney, liver 

and spleen are the main organs that fail due to the consumption of adulterated honey by 

in vivo histological examination. This study also successfully identified endogenous 

metabolites that were responsible for the toxic impact of adulterated honey using LC-

MS/MS based metabolomics integrated with chemometrics analysis. Considering all 

approaches, these results might be a promising candidate for early diagnostic biomarkers 

that can prevent the developing of metabolic diseases such as diabetes (type 1 and 2). 

The information gained from this research will permit an evaluation of the potential risk 

associated with the consumption of adulterated as compared to pure honey.  
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KESAN GULA DAN PEMALSUAN ASID TERHADAP KESELAMATAN 

MADU YANG DIHASILKAN OLEH LEBAH Apis mellifera LINNAEUS DAN 

Heterotrigona itama COCKERELL 

 

Oleh 

RAFIEH FAKHLAEI 

Jun 2021 

Pengerusi: Professor Jinap Selamat, PhD 

Institut: Pertanian Tropika dan Keselamatan Makanan 

 

 

Madu adalah bahan pemanis semula jadi yang dihasilkan oleh lebah madu daripada 

rembesan nektar tumbuhan atau rembesan serangga penghisap tumbuhan, melalui 

aktiviti enzim, regurgitasi, dan penyejatan air. Madu, telah digunakan untuk anti-

penuaan, meningkatkan libido dan sistem imunisasi, merawat kahak di dalam bronkus, 

dan melegakan sakit tekak, batuk, dan selsema. Madu mempunyai pelbagai khasiat 

farmakologi dan manfaat kesihatan seperti anti-radang, antioksidan, dan anti-barah. Oleh 

itu, madu cenderung dipalsukan melalui pelabelan yang tidak sahih dan pemalsuan 

melalui pencampuran dengan madu yang murah dan berkualiti rendah, gula, dan bahan 

lain. Pengambilan madu yang telah dipalsukan boleh menyebabkan beberapa masalah 

kesihatan seperti kenaikan berat badan, diabetes, komplikasi hati, dan disfungsi buah 

pinggang. Protokol standard untuk membangunkan ketoksikan madu di dalam zebrafish 

masih belum dapat dipastikan kerana faktor yang tidak dapat diramalkan. Oleh itu, dalam 

kajian ini, protokol optima telah dibangunkan untuk menyiasat ketoksikan madu dan cap 

jari metabolit di dalam zebrafish, embrio dan induk. Oleh itu, tujuan kajian ini adalah: 1) 

untuk menentukan kepekatan mematikan (LC50) madu yang telah dipalsukan dengan 

menggunakan embrio zebrafish, 2) untuk menjelaskan toksikologi madu yang telah 

dipalsukan berdasarkan dos yang mematikan (LD50) menggunakan induk zebrafish 

dewasa, 3) untuk menentukan kesan madu yang telah dipalsukan pada perubahan-

perubahan histologi zebrafish dan, 4) untuk menyaring profil metabolit-metabolit madu 

yang telah dipalsukan dengan menggunakan serum darah zebrafish. Oleh itu, dua jenis 

madu dikumpulkan dari persekitaran akasia (Heterotrigona itama dan Apis mellifera). 

H.itama tulen telah dipalsukan melalui pencampuran pelbagai jenis gula seperti gula 

jagung ringan, gula tebu, gula sonsang, dan gula aren (dalam perkadaran 1-3% (b/b) 

daripada jumlah keseluruhan). Selain itu, bahan pemalsuan berasaskan asid seperti asid 

asetik, asid sitrik, dan asam jawa ditambahkan pada madu A.mellifera dalam kadar 3, 5, 

dan 7% (b/b). LC50 ditentukan melalui penilaian toksikologi sampel madu terhadap 

embrio zebrafish yang didedahkan dalam kepekatan madu yang berbeza dalam 24, 48, 

72, dan 96 jam selepas persenyawaan (hpf). Madu A.mellifera dan H.itama yang tulen 

masing-masing merekodkan nilai LC50 pada 31.10 ± 1.63 (mg/ml) dan 34.40 ± 1.84 

(mg/ml) bagi 96 hpf. Asid asetik mempunyai nilai LC50 terendah (4.98 ± 0.06 mg/ml) di 
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antara bahan pemalsuan berasaskan asid manakala gula sonsang merekodkan nilai LC50 

terendah (5.03 ± 0.92 mg / ml) berbanding gula tambahan yang lain. Kepekatan tertinggi 

untuk setiap bahan pemalsuan (7% untuk asid dan 3% untuk gula) digunakan untuk 

mengkaji toksikologi madu yang yang telah dipalsukan menggunakan induk zebrafish 

dewasa melalui ujian akut, akut yang berpanjangan, dan sub-akut. Keputusan yang 

diperoleh daripada ujian ketoksikan sub-akut LD50 untuk madu A.mellifera dan H.itama 

tulen adalah masing-masing 2.18 ± 0.45 (mg/ml) dan 2.33 ± 0.04 (mg/ml). Kajian 

histologi organ dalaman menunjukkan luka pada hati, ginjal, dan limpa bagi kumpulan 

zebrafish yang telah dirawat dengan madu yang telah dipalsukan berbanding kumpulan 

kawalan yang mana dapat diekstrapolasi terhadap perubahan tisu manusia. Selanjutnya, 

kaedah LC-MS/MS digunakan untuk mendapatkan profil metabolit di dalam serum darah 

zebrafish yang telah diberi makan madu A.mellifera dan H.itama tulen dan yang telah 

dipalsukan secara paksaan. Hasil keputusan menunjukkan enam metabolit endogen 

dalam kumpulan yang dirawat dengan madu tulen dan madu yang telah dipalsukan 

seperti berikut: (1) Xanthotoxol, (2) asid S-Cysteinosuccinic, (3) asid 2,3-

Diphosphoglyceric, (4) Cysteinyl-Tyrosine, (5) 16-Oxoandrostenediol, dan (6) asid 3,5-

Dicaffeoyl-4-succinoylquinic. 

Ujian ketoksikan zebrafish boleh dijadikan kaedah standard untuk penilaian potensi 

ketoksikan toksikologi madu. Mengikut kajian ini, semua bahan pemalsuan yang telah 

dikaji mempunyai kelemahan terhadap kesihatan manusia berdasarkan nilai LC50, LD50

dan toksikologi organ dalaman. Mengikut pertambahan kadar kematian (%) embrio 

zebrafish dan induk yang signifikan (p ≤ 0.05) di dalam madu yang dipalsukan dengan 

gula dan asid, ianya membuktikan aditif makanan, berkemungkinan tidak memberi 

kelebihan terhadap kesihatan manusia sepanjang masa. Buah pinggang, hati dan limpa 

adalah organ utama yang gagal berfungsi disebabkan oleh pengambilan madu yang telah 

dipalsukan mengikut pemeriksaan histologi secara in vivo. Kajian ini juga berjaya 

mengenalpasti metabolit endogen yang bertanggungjawab kepada impak toksik madu 

yang telah dipalsukan menggunakan kaedah metabolomik berasaskan LC-MS/MS yang 

disatukan dengan analisis kimometrik. Mempertimbangkan semua pendekatan, 

keputusan ini berkemungkinan menjadi calon yang sesuai untuk diagnostik biomarker 

secara awal yang dapat mencegah berlakunya penyakit metabolik seperti diabetes (jenis 

1 dan 2). Maklumat yang diperoleh dalam kajian ini akan membenarkan evaluasi risiko 

berpotensi yang berkait dengan pengambilan madu yang telah dipalsukan berbanding 

dengan madu tulen. 
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CHAPTER 1 

 

 

INTRODUCTION 

 
 
1.1 Background of Study 

 
 
Honey is flower nectar that has been collected, stored and dehydrated by honey bees in 

order to improve the nutritional properties and become consumable by a human 

(Akhmazillah, Farid, & Silva, 2013). Honey can be consumed not only as a sweetener, 

but also have a therapeutic effect on human health. 

 

 

Meanwhile, honey is well known high nutritional value food, it can also be toxic naturally 

by transferring plant toxin such as pyrrolizidine alkaloids or by adulterants which added 

into the pure honey by mankind for economic profits (Y.-Z. Zhang et al., 2019). 

Furthermore, honey is subjected to adulteration due to its limited availability. Adulterants 

are referring to any substances, which are added to the original and pure product. Honey 

can be adulterated directly (addition of adulterants) or indirectly (bee-feeding). Cheap 

sweeteners such as cane sugar, corn syrup, maltose, and high fructose syrup are being 

used commonly to adulterate the honey (Puscas, Hosu, & Cimpoiu, 2013). 

 

 

Since the stingless bee (Heterotrigona itama) honey has a higher price in the market, 

honeybee (Apis mellifera) honey has been adulterated with weak acid in order to 

manipulate its sour taste and sold as H. itama. The increasing adulteration trend is 

worrisome as most of the honey adulteration with a high concentration of sugars can lead 

to serious health risks, especially in diabetic patients who unintentionally consume these 

products (Salvador et al., 2019). Therefore, investigating the toxicity of pure and 

adulterated honey must be considered in order to prevent health issues among consumers. 

 

 

The animal model study is a promising step in food safety researches. This animal model 

should share similarity to the human. Zebrafish (Danio rerio) is an animal model which 

has become an applicable tool especially in the toxicity filed due to high transparency, 

early life stage development and cost reduction. In addition, the zebrafish has a 70% 

physiological similarity to the human body rather than other mammalians (Dayal et al., 

2016). While the early life stage of zebrafish (embryonic stage) can provide primary 

information, acute and chronic test on adult zebrafish allow the observation of any sign 

regarding toxicity. To this aim, histological analysis should be employed to observe the 

more in-depth microscopic scale of cellular composition and tissue structure. Changes in 

various zebrafish’s organs such as; liver, kidney and spleen would be used as a key 

biomarker in toxicology (dos Santos et al., 2018). 

 

 

Metabolomics analysis in food authentication is a major concern in recent decades in 

order to assess the safety and quality of food. While various techniques have been applied, 

new developed analytical approaches such as mass spectroscopy (MS) and advanced 
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statistical and chemometric tools have gained interest in metabolomics studies (Cubero-

Leon, Penalver, & Maquet, 2014).  

 

 

1.2 Significance of The Study 

 
 

The tropical climate of Malaysia provides suitable habitat for stingless bee (H. itama) 

farming that makes it beneficial to Malaysian bee farmers. H. itama honey has been 

reported to possess stronger antioxidant activity, higher phenolic and nutrient content 

compared to other local honey species. In addition, it has the potential to be used as a 

therapeutic reagent owing to its anti-bacterial, anti-fungal, anti-cancer and anti-diabetic 

properties. Unfortunately, consumers can distinguish H. itama honey only by its sour 

taste. Thus, some unfaithful farmers adulterate cheaper honey such as A. mellifera honey 

with adulterants to manipulate the H. itama honey taste. The A. mellifera honey is 

sweeter, cheaper and contains fewer nutrients compare to H. itama honey. On the other 

hand, some other farmers add cheap sugar adulterants to H. itama honey in order to 

increase their profits and make it more acceptable by consumer’s taste. Regrettably, using 

those adulterants has harmful side effects on human health that have to be studied.  

 

 

In Malaysia, the production of honey by honeybees, such as A. mellifera, has not been 

profoundly successful due to the Varroa dectructor mite outbreak of 1996. Therefore, 

those farmers who adulterate the A. mellifera honey, have to import it from other 

countries and adulterate it with low-quality adulterants to manipulate the taste and sell it 

as H. itama honey, which has a higher market price. Pure H. itama honey has a higher 

price than pure A. melifera honey, RM 120 and RM 80 per kg, respectively. On the other 

hand, low-quality sweetener adulterants were added to pure H. itama honey in order to 

increase the volume, which reducing the price while selling as pure H. itama honey in the 

market. As a result of this fraud, wholesalers gain much of the profits. Meanwhile, 

consumers who are seeking low price and economical products, attract by cheap and low-

quality honey. Adulteration has an adverse impact on consumer’s health which may lead 

to increase blood sugar, followed by the release of insulin hormone and type II diabetes, 

abdominal weight gain and obesity, raise in the level of blood lipid and high blood 

pressure (Soares, Amaral, Oliveira, and Mafra (2017). Thus, it is essential to investigate 

the health impact of honey consumption and promote public awareness regarding honey 

adulteration and its harmful effects on consumer health. 

 

 

In this study, four different sugar adulterants and three different acid adulterants that have 

been used commonly in honey adulteration have been investigated. While similar studies 

focused on detection techniques, in here the impact of adulterated honey consumption is 

the focus point of the research. Moreover, zebrafish animal model is the other key novel 

scope of this study. By using the zebrafish animal model, the LC50, LD50, hatching rate, 

mortality rate, and histological analysis have been approached. Finally, by using the LC 

MS/MS analysis, the synthesized metabolites in related to the consumption of the 

adulterated honey have been discovered and investigated. Therefore, a clear and 

fundamental platform for better understanding and studying the honey adulterants has 

been developed.  
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1.3 Scope of Study  

 
 

There are four main stages in this work: Adulteration, Toxicity test (embryo and adult), 

Histopathology and Metabolite analysis which presented in Table 1.1. 

 

 

Table 1.1 : Overview of research scopes 

Stage Research Scope 

Stage 1: 

Zebrafish embryo toxicity test 
 Adulteration of pure H. itama and A. 

mellifera honey with different concentration of 

sugars and acids 

 Median lethal concentration (LC50) analysis 

 Hatching rate determination 

 Heart rate determination 

Stage 2:  

Zebrafish adult toxicity test 
 Force feed adult zebrafish 

 Median lethal dose (LD50) determination  

 Acute, prolong acute and sub-acute toxicity 

test 

Stage 3:  

Histopathology  
 Histopathological analysis of 

liver, kidneys and spleen of zebrafish 

Stage 4: 

Metabolomics shifting  
 Cardiac blood withdraw  

 Serum collection  

 LC/MS-MS analysis  

 

 

1.4 Objectives  

 
 

The specific objectives of this study are as follow:  

 

1. To determine the LC50 of pure and adulterated H. itama and A. mellifera honey in 

zebrafish (Danio rerio) embryos  

2. To determine the LD50 of pure and adulterated H. itama and A. mellifera honey by 

force-feeding of adult zebrafish (Danio rerio)  

3. To examine the histological examination of adult zebrafish after treatment with 

pure and adulterated H. itama and A. mellifera honey 

4. To identify the LC-MS/MS based metabolite of pure and adulterated H. itama and 

A. mellifera honey in the serum of adult zebrafish. 

 

 

1.5 Organization of Thesis 

 
 
This dissertation adopts a University Putra Malaysia style guide to the presentation, 

logically aimed and systematically rendered to enhance the understanding of this 

research. The thesis is divided into seven chapters as follow: 
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Chapter one highlights the background of the study, the significance of the study, which 

builds the motivation for this project, and the objectives of this research. 

Chapters two represent the literature review, which covers the type, regulation and 

toxicity of honey, histopathology of zebrafish and finally metabolomics. However, no 

research has been published regarding the in-vivo toxicity assessment of pure and 

adulterated H. itama and A. mellifera honey. 

 

 

Chapter three determines the toxicity of pure and adulterated H. itama and A. mellifera 

honey using the zebrafish embryos effect on median lethal concentration (LC50), hatching 

rate and heart rate.  

 

 

Chapter four evaluates the median lethal dose (LD50) of pure and adulterated H. itama 

and A. mellifera honey on adult zebrafish during acute, prolong-acute and sub-acute 

toxicity test. 

 

 

Chapter five illustrates the histopathological study of the zebrafish force-feeds by 

adulterated honey.  

 

 

Chapter six analyses the LC-MS-based metabolite shifting in the serum of adult zebrafish 

after treatment with pure and adulterated H. itama and A. mellifera honey. 

 

 

Chapter seven demonstrates the comprehensive conclusion along with recommendations 

for future work.  
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