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Stingless bee honey produced from Heterotrigona itama is a popular natural
sweetener that exhibits numerous bioactivities and health benefits. However, the
honey revealed high moisture content (>27.0%), making it highly susceptible to
undesirable microbial fermentation. The conventional processing methods
practised by the beekeepers in Malaysia were compared, in which the stingless
bee honey was subjected to chiller storage (CT), room temperature storage (RT),
double-boiled (DB) and open tray drying (OT) for five days. Interestingly,
although honey stored at OT was found to reduce a more significant amount of
moisture (~38% within five days), the increase of colour intensity and viscosity in
OT honey should not be neglected. The colour intensity and viscosity increased
from 284 to 314 mm Pfund and 0.13 to 6.80 Pa.s, respectively, in five days,
indicating the honey at risk of oxidation and might not reach consumers’
acceptance. Meanwhile, reducing the moisture levels to below 20% without
deteriorating honey quality is contemporary urge research. Therefore, this study
aimed to evaluate the feasibility of alternative processing methods by utilizing
custom-designed clay pots to reduce the moisture content of the stingless bee
honey and investigate the physicochemical properties and storage stability of
honey. On the other hand, 50 mL of freshly harvested honey were placed in
custom-designed clay pots (5 cm diameter x 6 cm height), covered and stored at
either 25 + 1°C (RT) (maintained at 60% relative humidity) or 35 £ 1°C (ET)
(maintained at 25% relative humidity). Results showed that the honey's moisture
content and water activity after ET storage in clay pots were significantly
(p=0.05) reduced from 25.8% to 19.5% and from 0.79 to 0.70, respectively.
Similar degrees of reduction were achieved at RT. However, moisture removal
duration took 21 days and resulted in a loss of honey solids (21%) due to cross-
wall diffusion. The pH and free acidity of honey were reduced, and the viscosity
was increased at the end of storage. Interestingly, hydroxymethylfurfural (HMF)
was not detected for all honey, indicating the quality of honey was preserved.
The second part of the study was to investigate the effects of modern alternative



processing methods, high-pressure processing (HPP) and microwave
pasteurization (MW), on the quality of the honey after storage for four weeks.
From the results, HPP and MW treatments did not affect the moisture content of
the honey compared to the honey without treatment. A similar trend was
observed in total soluble solids (TSS), pH, free acidity, colour parameters and
viscosity. Meanwhile, the colour intensity increased at the end of storage. The
colour intensity of honey without treatment was the highest, followed by MW-
treated honey and HPP-treated honey. Sugar profile analysis indicated that all
sugar contents were significant reduced after MW and HPP treatments and after
four weeks of storage, except the honey treated with HPP at a holding time of 5
minutes. However, neither HPP and MW did prevent the formation of HMF at the
end of the storage study. To conclude, it is feasible to use a clay pot to reduce
the moisture content in honey where the quality of honey was preserved and
HMF formation was avoided. It is also was found to be the most effective method
compared to conventional and both thermal and non-thermal alternative methods
to increase stingless bee honey storage stability.
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Madu lebah tanpa sengat yang dihasilkan dari Heterotrigona itama adalah
pemanis semula jadi yang popular yang mempunyai tinggi bioaktiviti dan
faedah kesihatan. Walau bagaimanapun, madu itu menunjukkan kandungan
lembapan yang tinggi (> 27.0%), menjadikannya sangat rentan terhadap
penapaian mikroba yang tidak diingini. Kaedah pemprosesan konvensional
yang diamalkan oleh peternak lebah di Malaysia dibandingkan, di mana madu
lebah tanpa sengat itu disimpan pada penyimpanan suhu sejuk (CT),
penyimpanan suhu bilik (RT), didihan berlapis (DB) dan pengeringan dulang
terbuka (OT) selama lima hari. Menariknya, walaupun madu yang tersimpan di
OT didapati dapat mengurangkan jumlah kelembapan yang lebih ketara (~
38% dalam masa lima hari), peningkatan intensiti warna dan kelikatan pada
madu OT tidak boleh diabaikan. Intensiti warna dan kelikatan meningkat dari
284 hingga 314 mm Pfund dan 0.13 hingga 6.80 Pa.s, masing-masing, dalam
lima hari, menunjukkan madu berisiko pengoksidaan dan mungkin tidak
mencapai penerimaan pengguna. Manakala, pengurangan tahap kelembapan
ke bawah 20% tanpa merosakkan kualiti madu adalah kajian yang sangat
penting. Oleh itu, kajian ini bertujuan untuk menilai kemungkinan kaedah
pemprosesan alternatif dengan menggunakan periuk tanah liat yang direka
khas untuk mengurangkan kandungan kelembapan madu lebah tanpa sengat
dan menyiasat sifat fizikokimia dan kestabilan penyimpanan madu. Sebanyak
50 mL madu yang baru dituai dimasukkan ke dalam periuk tanah liat yang
direka khas (diameter 5 cm x 6 cm tinggi), ditutup dan disimpan pada suhu 25
+ 1 ° C (RT) (dikekalkan pada kelembapan relatif 60%) atau 35 £ 1 ° C (ET)
(dikekalkan pada kelembapan relatif 25%). Hasil kajian menunjukkan bahawa
kandungan kelembapan madu dan aktiviti air setelah penyimpanan ET dalam
periuk tanah liat secara signifikan (p<0.05) berkurang dari masing-masing
25.8% menjadi 19.5% dan dari 0.79 hingga 0.70. Tahap pengurangan yang
serupa dicapai pada RT. Walau bagaimanapun, tempoh penyingkiran
kelembapan mengambil masa 21 hari dan mengakibatkan kehilangan pepejal



madu (21%) kerana penyebaran dinding silang. pH dan keasidan madu bebas
dikurangkan, dan kelikatannya meningkat pada akhir penyimpanan.
Menariknya, hidroksimetilfurfural (HMF) tidak dikesan untuk semua madu,
menunjukkan kualiti madu terpelihara. Bahagian kedua dari kajian ini adalah
untuk mengkaji kesan kaedah pemprosesan alternatif moden, pemprosesan
tekanan tinggi (HPP) dan pasteurisasi gelombang mikro (MW), terhadap kualiti
madu setelah disimpan selama empat minggu. Dari hasilnya, rawatan HPP dan
MW tidak mempengaruhi kandungan kelembapan madu berbanding madu
tanpa rawatan. Trend yang serupa diperhatikan dalam jumlah pepejal larut
(TSS), pH, keasidan bebas, parameter warna dan kelikatan. Sementara itu,
intensiti warna meningkat pada akhir penyimpanan. Keamatan warna madu
tanpa rawatan adalah yang tertinggi, diikuti dengan madu yang dirawat MW
dan madu yang dirawat HPP. Analisis profil gula menunjukkan bahawa semua
kandungan gula dikurangkan dengan ketara setelah rawatan MW dan HPP dan
setelah penyimpanan selama empat minggu, kecuali madu yang dirawat
dengan HPP pada waktu penahanan 5 minit. Walau bagaimanapun, HPP dan
MW tidak menghalang pembentukan HMF pada akhir kajian penyimpanan.
Sebagai kesimpulan, penggunanan periuk tanah liat terbukti berkesan untuk
mengurangkan kandungan kelembapan dalam madu di mana kualiti madu
terpelihara dan pembentukan HMF jugak dapat dielakkan. la juga merupakan
kaedah yang paling berkesan berbanding dengan kaedah konvensional serta
kaedah alternatif termal dan bukan termal untuk meningkatkan kestabilan
penyimpan madu kelulut.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Stingless bees, also known as kelulut in Malaysia, originate from the Meliponini
tribe and comprise three genera: Melipona, Scaptotrigona, and Trigona
(Michener, 2013). Approximately 500 species of stingless bees have been
identified in tropical and sub-tropical regions such as Central and South
America, Africa, northern Australia and Asia, including Malaysia (Chuttong et
al.,, 2016). To date, only the Trigona spp. can be found in Malaysia (Salim et
al., 2012), in which Heterotrigona itama, a subgenus of Trigona, is often reared
by local beekeepers. Several scientific reports and anecdotes (Halcroft et al.,
2013; Abu Bakar et al.,, 2017; Ismail, 2016; Ismail & Ismail, 2018) have
reported that stingless bee honey has the potential to generate a comfortable
income for the beekeepers and add value to the functional food industry due to
its high nutritional content (Vit et al., 2004), good antioxidant properties (Biluca
et al., 2017; da Silva et al., 2013; Harif Fadzilah et al., 2017, Kek et al., 2014),
and antimicrobial activities (Abd Jalil et al., 2017; Boorn et al., 2010; Choudari
et al.,, 2012; Torres et al., 2004; Zainol et al., 2013). Garedew et al. (2004), Vit
et al. (2004), and Rosales (2013) reported that stingless bee honey could
potentially be used as a remedy for many illnesses such as stomach and
intestinal ulcers, mouth diseases, sore throats, and wound dressing in Ethiopia
and other countries. Recently, two reviews were performed by Abd Jalil et al.
(2017) and Rao et al. (2016) on the wound healing properties of honey and the
biological and therapeutic values of the honeybee and stingless bee honey
respectively.

Due to the tropical climate, stingless bee honey from South East Asia has been
shown to contain a very high moisture content (approximately 31%) (Chuttong
et al., 2016) compared to the honey from Apis mellifera, the common honeybee
(17.2 to 20.2%). Likewise, honey produced in Malaysia was also shown to have
a high moisture content, ranging between 23 and 35% (Souza et al., 2006;
Malaysian Standard MS 2683, 2017). Akbulut et al. (2009) indicated that the
water content was recognized as a critical factor in honey fermentation.
Therefore, a cause of concern for the honey industry as fermented honey is
usually regarded as spoilt honey. Hence, if the honey is not correctly
processed, it will lead to fermentation and the subsequent deterioration of its
quality. Ozcan & Al Juhaimi (2011) also reported that the close contact with the
metal wires used in the Apis mellifera beekeeping process to keep the
honeycomb together could affect honey's quality. Therefore, the lack of a
proper standard of operation procedures (SOPSs) in the stingless bee honey
industry is a serious concern that needs to be addressed. To prevent the onset
of fermentation, stingless bee beekeepers in Malaysia will either place the
honey in a chiller directly after harvest, or heat the honey at 40°C for a few



minutes to reduce the moisture content before bottling, or leave it at room
temperature for a few days for natural evaporation to occur.

Figure 1.1: Stingless beehive box containing a colony of Heterotrigona
itama

Several techniques have been practised to improve the quality of stingless bee
honey, including low-temperature storage, heat treatment, and moisture
removal (Kowalski et al., 2013; Tosi et al., 2002, Turhan et al., 2008). Among
these techniques, pasteurization of the honey by heat treatment of up to 60-70
°C and subsequent storage at refrigerator temperatures before consumption
was shown to be effective (Contrera et al., 2011). However, changes in the
physicochemical properties during the heating process, such as the formation
of 5-hydroxymethylfurfural, are inevitable (Khalil et al.,, 2010). Besides
pasteurization and low-temperature storage, Contrera et al. (2011) proposed a
fourth alternative method known as the ‘maturation process.” Although
regarded as a deteriorative phenomenon, the fermentation process was
allowed to occur naturally in a closed container at room temperature. A few
conventional methods were applied in stingless bee honey processing from the
conversation with the local beekeepers in Malaysia. Some of the stingless bee
entrepreneurs dried the honey in a shallow tray and let the honey evaporate to
the surrounding. However, if it is conducted in unhygienic conditions, the honey
cleanliness was at stake because the insects or other possible contaminants'
possible sources will happen. The other producers heat the honey by using the
double-boiled method without direct heating towards the honey, and the
temperature was controlled to be below 40°C. Through visits and conversations
with local beekeepers, a few have been using clay pots in reducing the
moisture content of the stingless bee honey. However, the scientific knowledge
of that method is still unknown because no further research has been done.
Most of the stingless beekeepers admitted that they usually did not perform any



prior treatment or processing of their products where the honey will be stored in
the chiller or storage at room temperature and directly sold to the customers.

To conclude, the processing methods of stingless bee honey are rather scarce.
No standard processing technique was investigated to see the effectiveness of
increasing the stingless bee honey storage stability. As stingless beekeeping in
Malaysia is still on a small scale, a new cost-effective, comfortable and natural
processing method is demanded to occupy the gap in the stingless bee honey
industry and help the beekeepers grow and sustain their business. The present
work investigates the application of conventional methods and moisture
reduction by means of clay pots of stingless bee honey and its effect on honey
storage stability. This work also investigates the effect of modern treatment
(microwave pasteurization and high-pressure processing (HPP)) on stingless
bee honey storage stability

1.2 Problem Statement

Due to readily high moisture content, stingless bee honey undergoes rapid
deterioration and darker in colour due to oxidization and fermentation.
Customers always considered dark honey to be rotten, unpleasant, or
adulterated with sugars. In the meantime, the processing techniques of
stingless bee honey are scarce. Beekeepers practised a few conventional
methods, but no scientific study has been done on their honey products that
make the quality of the honey retailed to the customers is unknown.
Furthermore, the effects of applying modern treatment (thermal and non-
thermal) on stingless bee honey have yet to be discovered.

1.3 The Main Objective of the Study

The main objective of the study is to investigate the effects of conventional and
modern processing techniques in increasing the stingless bee honey stability

1.3.1 Specific Objectives of the Study

This study is designed to achieve the following specific objectives: -

1. To investigate the application of conventional methods and its
effect on honey storage stability.

2. To investigate the application of moisture reduction by means
of clay pots of stingless bee honey and its effect on honey
storage stability.



3. To investigate the effect of modern treatment (microwave
pasteurization and high-pressure processing (HPP)) on
stingless bee honey storage stability.

1.3.2 Research Hypotheses

The hypotheses of this study are as follow: -

1. Clay pot treated stingless bee honey with low moisture content
has higher storage stability.

2. Deterioration of stingless bee honey will not occur after the
moisture content is reduced below 20%.

3. High-Pressure Processing (HPP) is an alternative method for
mass production of stingless bee honey industry better than
microwave treatment.

1.4 Significance of the Study

Stingless bee honey is in high demand in Malaysia and many other countries. It
is nutritionally high in carbohydrates and possesses many functional properties
such as antioxidant and antimicrobials properties. However, the honey is
susceptible to fermentation as its moisture content is often much higher than
that necessary for microbial stability. Traditionally, the moisture content of
stingless bee honey is reduced by drying the honey in shallow trays at room
temperatures, but this can lead to contamination if done under unhygienic
conditions. It is expected to reduce the moisture content and retain most of the
properties of the honey when the filtration process is conducted by means of
clay pots diffusion method under appropriate conditions. Meanwhile, modern
treatments, microwave pasteurization and high-pressure processing (HPP) are
suitable for the big production of stingless bee honey. The outcomes of this
study are targeted to the new and former beekeepers to enhance the quality of
their products, sustain the industry and established a standard method to
process stingless bee honey.

1.4.1  Scope of the Study

This study only covered stingless bee honey (Trigona spp.). Heterotrigona
itama is chosen as it is widely reared and consumed in Malaysia. Three
processing methods are introduced to the stingless bee honey: conventional
methods, moisture reduction method using clay pots, modern treatments, High-
Pressure Processing (HPP) method and microwave pasteurization method.
Honey was analysed for its physicochemical properties to find the best
alternative method for stingless bee honey processing.

4



1.5 Structure of Thesis

This thesis consists of five chapters. Chapter 1 is an introduction that begins
with the overview of the stingless bee honey, conventional honey processing
methods, properties of raw stingless bee honey, current problems faced by the
beekeepers and potential applications of a few methods adopted as an
alternative to stingless bee honey processing. Problem statements regarding
the use of clay pots, High-Pressure Processing (HPP) and microwave
pasteurization as an alternative method to increase storage stability of the
stingless bee honey are highlighted by the main and specific objectives,
research hypotheses, significance and scope of the study.

Chapter 2 covers the literature review that consists of a critical review of
previous works related to stingless beekeeping, uses and market demands of
stingless bee honey and conventional and alternative methods for stingless
bee honey processing. Physicochemical properties of stingless bee honey
include moisture content, total sugar content, water activity, pH, free acidity,
electrical conductivity, ash content, viscosity, colour analyses, sugar profiling,
and HMF content of the stingless bee honey are also explained in this chapter.

Chapter 3 reports a detailed description of sample preparation and treatments,
the method to determine the surface area, pore size, porosity, and
microstructure of clay pots. Preliminary studies are also included in this
chapter. Detailed materials and methods were discussed for each
physicochemical analysis conducted in this study.

Chapter 4 presents the results and discussion on the main findings of the
present work, including the analysis and interpretation of the data collected.
The results and discussion presented in Chapter 4 are presented in the
following objectives manner of the present study.

Chapter 5 presents the overall conclusion from the results discussed in
Chapter 4 and some recommendations for potential future work of the research
field.



REFERENCES

Abd Jalil, M. A., Kasmuri, A. R., & Hadi, H. (2017). Stingless bee honey, the
natural wound healer;: A review. Skin Pharmacology and Physiology,
30: 66-75.

Abu Bakar, M. F., Sanusi, S. B., Abu Bakar, F. I., Cong, O. J., & Mian, Z.
(2017). Physiochemical and antioxidant potential of raw unprocessed
honey from Malaysia stingless bee. Pakistan Journal of Nutrition, 16:
888-894.

Abu-Jdayil, B., Al-Majeed Ghzawi, A., Al-Malah, K. I. M., & Zaitoun, S. (2002).
Heat effect on rheology of light- and dark-coloured honey. Journal of
Food Engineering, 51: 33-38.

Akbulut, M., Ozcan, M.M., & Coklar, H. (2009). Evaluation of antioxidant
activity, phenolic, mineral contents and some physicochemical
properties of several pine honeys collected from Western Anatolia.
International Journal of Food Sciences and Nutrition, 60: 577-589.

Akhmazillah, M. F. N., Farid, M. M., & Silva, F. V. M. (2013). High pressure
processing (HPP) of honey for the improvement of nutritional value.
Innovative Food Science and Emerging Technologies, 20: 59-63.

Al-Habsi, N. A., & Niranjan, K. (2012). Effect of high hydrostatic pressure on
antimicrobial activity and quality of Manuka honey. Food Chemistry,
135: 1448-1454.

Alimentarius Commission. (2001). Codex Standard for Honey. Rome: FAO: 19-
26

Almeida, F. D. L., Gomes, W. F., Cavalcante, R. S., Tiwari, B. K., Cullen, P. J.,
Frias, J. M., Bourke, P., Fernandes, F. A. N., & Rodrigues, S. (2017).
Fructooligosaccharides integrity after atmospheric cold plasma and
high- pressure processing of a functional orange juice. Food Research
International, 102: 282-290.

Amin, W. A., Safwat, M., & El-lraki, S. M. (1999). Quality criteria of treacle
(black honey). Food Chemistry, 67: 17-20.

Andrés, V., Villanueva, M. J., & Tenorio, M. D. (2016). The effect of high-
pressure processing on colour, bioactive compounds, and antioxidant
activity in smoothies during refrigerated storage. Food Chemistry, 192:
328-335.

Anupama, D., Bhat, K. K., & Sapna, V. K. (2003). Sensory and physico-

chemical properties of commercial samples of honey. Food Research
International, 36: 183-191.

67



AOAC (1990). Official methods of analysis (15" ed.). Association of Official
Analytical Chemists, Arlington, VA.

Arena, E., Verzera, A., Fallico, B., & Zappala, M. (2004). Effects of conditioning
on HMF content in unifloral honeys. Food Chemistry, 85: 305-313.

ASTM C20-00 (2010). Standard test methods for apparent porosity, water
absorption, apparent specific gravity, and bulk density of burned
refractory brick and shapes by boiling water.

Avila S., Beux, M. R., Ribani, R. H. & Zambiazi R. C. (2018). Stingless bee
honey: Quality parameters, bioactive compounds, health promotion
properties and modification detection strategies. Trends in Food
Science & Technology, 81: 37-50.

Awang, S. F. (2020). Kelantan negeri kedua terbesar hasilkan madu kelulut.
Retrieved from
https://www.sinarharian.com.my/article/112326/EDISI/Kelantan/Kelanta
n-negeri-kedua-terbesar-hasilkan-madu-kelulut

Aymerich, M. T., Monfort, J. M., & Hugas, M. (2004). Microbial inactivation after
high-pressure processing at 600 MPa in commercial meat products
over its shelf life. Innovative Food Science and Emerging
Technologies, 5: 451-457.

Balasubramaniam, V. M., & Farkas, D. (2008). High-pressure Food Processing.
Food Science and Technology International, 14: 413—-418.

Bertoncelj, J., Dobersek, U., Jamnik, M., & Golob, T. (2007). Evaluation of the
phenolic content, antioxidant activity and colour of Slovenian honey.
Food Chemistry, 105:; 822-828.

Bhandari, B., D'Arcy, B., & Chow, S. (1999). Rheology of selected Australian
honeys. Journal of Food Engineering, 41: 65-68.

Biluca, F. C., Braghini, F., Gonzaga, L. V., Costa, A. C. O., & Fett, R. (2016).
Physicochemical profiles, minerals and bioactive compounds of
stingless bee honey (Meliponinae). Journal of Food Composition and
Analysis, 50: 61-69.

Biluca, F. C., de Gaois, J. S., Schulz, M., Braghini, F., Gonzaga, L. V., Maltez,
H. F., Rodrigues, E., Vitali, L., Micke, G. A., Borges, D. L. G., & Costa,
A. C. 0. (2017). Phenolic compounds, antioxidant capacity and
bioaccessibility of minerals of stingless bee honey (Meliponinae).
Journal of Food Composition and Analysis, 63: 89-97.

Biluca, F. C., Della, B. F., De Oliveira, G. P., Pereira, L. M., Gonzaga, L. V.,
Costa, A. C. O., & Fett, R. (2014). 5-HMF and carbohydrates content in
stingless bee honey by CE before and after thermal treatment. Food
Chemistry, 159: 244-249.

68



Bogdanov, S. (2017). Honey as nutrient and functional food. Retrieved from
http://www.bee-hexagon.net/honey/honey-as-nutrient-functional-food/.

Bogdanov, S., Lullmann, C., Martin, P., von der Ohe, W., Russmann, H.,
Vorwohl, G., Oddo, L. P., Sabatini, A.-G., Marcazzan, G. L., Piro, R,
Flamini, C., Morlot, M., Lheritier. J., Borneck, R., Marioleas, P.,
Tsigouri, A., Kervliet, J., Ortiz, A., Ivanov, T., D’Arcy, B., Mossel, B., &
Vit, P. (2015). Honey quality and international regulatory standards:
review by the International Honey Commission. Bee World, 80: 61-69.

Bogdanov, S., Martin, P., & Lullmann, C. (2002). Harmonised methods of the
International Honey Commission (IHC). Swiss Bee Research Centre,
FAM, Liebefeld.

Boorn, K. L., Khor, Y. Y., Sweetman, E., Tan, F., Heard, T. A., & Hammer, K.
A. (2010). Antimicrobial activity of honey from the stingless bee
Trigona carbonaria determined by agar diffusion, agar dilution, broth
microdilution and time-kill methodology. Journal of Applied
Microbiology, 108: 1534-1543.

Braghini, F., Biluca, F. C., Gonzaga, L. V., Kracik, A. S., Vieira, C. R. W., Vitali,
L., Micke, G. A., Costa, A.C.0. & Fett, R. (2019). Impact of short - term
thermal treatment on stingless bee honey (Meliponinae): Quality,
phenolic compounds and antioxidant capacity. Journal of Food
Processing and Preservation. 43; €13954.

Bucekova, M., Juricova, V., Monton, E., Martinotti, S., & Ranzato, E. (2018).
Microwave processing of honey negatively affects honey antibacterial
activity by inactivation of bee-derived glucose oxidase and defensin-1.
Food Chemistry, 240: 1131-1136.

Butz, P., Fern, A., Lindauer, R., Dieterich, S., Bognar, A., & Tauscher, B.
(2003). Influence of ultra high pressure processing on fruit and
vegetable products. Journal of Food Engineering, 56: 233-236.

Campus, M. (2010). High pressure processing of meat, meat products and
seafood. Food Engineering Reviews, 2: 256-273.

Cao, X., Zhang, Y., Zhang, F., Wang, Y., Yi, J., & Liao, X. (2011). Effects of
high hydrostatic pressure on enzymes, phenolic compounds,
anthocyanins, polymeric color and color of strawberry pulps. Journal of
the Science of Food and Agriculture, 91: 877-885.

Carlez, A., Veciana-nogues, T., & Cheftel, J. C. (1995). Changes in colour and
myoglobin of minced beef meat due to high pressure processing. LWT-
Food Science and Technology, 28: 528-538.

Carvalho, C. A. L., Sodré, G. S., Fonseca, A. A. O., Alves, R. M. O., Souza, B.

A., & Clarton, L. (2009). Physicochemical characteristics and sensory
profile of honey samples from stingless bees (Apidae: Meliponinae)

69


http://www.bee-hexagon.net/honey/honey-as-nutrient-functional-food/

submitted to a dehumidification process. Anais Da Academia Brasileira
de Ciencias, 81: 143-149.

Castro-Vazquez, L., Diaz-Maroto, M. C., Gonzélez-Vifias, M. A., De La Fuente,
E., & Pérez-Coello, M. S. (2008). Influence of storage conditions on
chemical composition and sensory properties of citrus honey. Journal
of Agricultural and Food Chemistry, 56: 1999-2006.

Chaikham, P., & Prangthip, P. (2015). Alteration of antioxidative properties of
longan flower-honey after high pressure, ultra-sonic and thermal
processing. Food Bioscience, 10: 1-7.

Chan, B. K., Haron, H., Talib, R. A., & Subramaniam, P. (2017). Physical
properties, antioxidant content and anti-oxidative activities of Malaysian
stingless kelulut (Trigona spp.) honey. Journal of Agriculture Science,
9: 32-40.

Chanchao, C. (2009). Antimicrobial activity by Trigona Laeviceps (stingless
bee) honey from Thailand. Pakistan Journal of Medical Sciences, 25:
364-369.

Chandrasekaran, S., Ramanathan, S., & Basak, T. (2013). Microwave food
processing-A review. Food Research International, 52: 243-261.

Chang, L. S., Karim, R., Sabo, M. A., & Ghazali, H. M. (2018). Characterization
of enzyme-liquefied soursop (Annona muricata L.) puree. LWT - Food
Science and Technology, 94: 40-49.

Chen, X., Qin, W., Ma, L., Xu, F., Jin, P., & Zheng, Y. (2015). Effect of high
pressure processing and thermal treatment on physicochemical
parameters, antioxidant activity and volatile compounds of green
asparagus juice. LWT - Food Science and Technology, 62: 927-933.

Chirife, J., Zamora, M. C., & Motto, A. (2006). The correlation between water
activity and % moisture in honey: Fundamental aspects and application
to Argentine honeys. Journal of Food Engineering, 72: 287—-292.

Chong, C. H., Figiel, A., & Law, C. L. (2014). Combined Drying of apple cubes
by wusing of heat pump, vacuum-microwave, and intermittent
techniques, Food and Bioprocess Technology, 7: 975-989.

Chong, K. Y., Chin, N. L., & Yusof, Y. A. (2017). Thermosonication and
optimization of stingless bee honey processing. Food Science and
Technology International, 23: 608—622.

Choudhari, M. K., Punekar, S. A., Ranade, R. V., & Paknikar, K. M. (2012).
Antimicrobial activity of stingless bee (Trigona sp.) propolis used in the
folk medicine of Western Mabharashtra, India. Journal of
Ethnopharmacology, 141: 363-367.

70



Chuttong, B., Chanbang, Y., & Burgett, M. (2014). Meliponiculture: Stingless
bee beekeeping in Thailand. Bee world, 91: 41-45.

Chuttong, B., Chanbang, Y., Sringarm, K., & Burgett, M. (2016). Effects of long
term storage on stingless bee (Hymenoptera: Apidae: Meliponini)
honey. Journal of Apicultural Research, 54: 441-451.

Chuttong, B., Chanbang, Y., Sringarm, K., & Burgett, M. (2016).
Physicochemical profiles of stingless bee (Apidae: Meliponini) honey
from South East Asia (Thailand). Food Chemistry, 192: 149-155.

Codex Alimentarius Commission (2001). Alinorm 41/10: Revised standard for
honey, Alinorm 1, 19-26

Contrera, F. A. L., Menezes, C., & Venturieri, G. C. (2011). New horizons on
stingless beekeeping (Apidae, Meliponini). Revista Brasileira de
Zootecnia, 40: 48-51.

Cozmuta, A. M., Cozmuta, L. M., Varga, C., Marian, M., & Peter, A. (2011).
Effect of thermal processing on quality of polyfloral honey. Romanian
Journal of Food Science, 1: 45-52.

Crane, E. (1992). The past and present status of beekeeping with stingless
bees, Bee World, 73: 29-42.

Cserhalmi, Z., Sass-Kiss, A., Toth-Markus, M., & Lechner, N. (2006). Study of
pulsed electric field treated citrus juices. Innovative Food Science &
Emerging Technologies, 7: 49-54.

Curet, S., Rouaud, O., & Boillereaux, L. (2014). Estimation of dielectric
properties of food materials during microwave tempering and heating.
Food and Bioprocess Technology, 7: 371-384.

Da Silva, I. A. A., da Silva, T. M. S., Camara, C. A., Queiroz, N., Magnani, M.,
de Novais, J. S., Soledade, L. E. B., de Oliveira Lima, E., de Souza, A.
L., & de Souza, A. G. (2013). Phenolic profile, antioxidant activity and
palynological analysis of stingless bee honey from Amazonas,
Northern Brazil. Food Chemistry, 141: 3552—-3558.

Da Silva, P. M., Gauche, C., Gonzaga, L. V., Costa, A. C. O., & Fett, R. (2016).
Honey: Chemical composition, stability and authenticity. Food
Chemistry, 196: 309-323.

Dah-Traoré, Y., Zerbo, L., Seynou, M. and Ouedraogo, R. (2018). Mechanical,
microstructural and mineralogical analyses of porous clay pots
elaborated with rice husks. Journal of Minerals and Materials
Characterization and Engineering, 6: 257-270.

De Almeida-Muradian, L. B., Stramm, K. M., Horita, A., Barth, O. M., Da Silva
de Freitas, A., & Estevinho, L. M. (2013). Comparative study of the

71



physicochemical and palynological characteristics of honey from
Melipona subnitida and Apis mellifera. International Journal of Food
Science and Technology, 48: 1698-1706.

De Carvalho, C. A. L., Sodré, G. S., Fonseca, A. A. O., Alves, R. M. O., Souza,
B. A, & Clarton, L. (2009). Physicochemical characteristics and
sensory profile of honey samples from stingless bees (Apidae:
Meliponinae) submitted to a dehumidification process. Anais Da
Academia Brasileira de Ciencias, 81: 143-149.

De La Paz Moliné, M., Fernandez, N. J., Medici, S. K., Fasce, D., & Gende, L.
B. (2015). Effect of microwave treatment on microbial contamination of
honeys and on their physicochemical and thermal properties. Polish
Journal of Food and Nutrition Sciences, 65: 119-126.

De Sousa, J. M. B, de Souza, E. L., Marques, G., Benassi, M. de T., Gullén,
B., Pintado, M. M., & Magnani, M. (2016). Sugar profile,
physicochemical and sensory aspects of monofloral honeys produced
by different stingless bee species in Brazilian semi-arid region. LWT -
Food Science and Technology, 65: 645—-651.

Do Nascimento, A. S., Marchini, L. C., de Carvalho, C. A. L., Aradjo, D. F. D.,
de Olinda, R. A, & da Silveira, T. A. (2015). Physical-chemical
parameters of honey of stingless bee (Hymenoptera: Apidae).
American Chemical Science Journal, 7: 139-149.

Dobre, I., Georgescu, L. A., Alexe, P., Escuredo, O., & Seijo, M. C. (2012).
Rheological behavior of different honey types from Romania. Food
Research International, 49: 126—-132.

Ekezie, F. G. C., Sun, D. W., Han, Z., & Cheng, J. H. (2017). Microwave-
assisted food processing technologies for enhancing product quality
and process efficiency: A review of recent developments. Trends in
Food Science & Technology, 67: 58-69.

Escriche, 1., Visquert, M., Carot, J. M., Domenech, E., & Fito, P. (2008). Effect
of honey thermal conditions on hydroxymethylfurfural content prior to
pasteurization. Food Science and Technology International, 14: 29-35.

Escuredo, O., Dobre, |., Fernandez-Gonzélez, M., & Seijo, M. C. (2014).
Contribution of botanical origin and sugar composition of honeys on the
crystallization phenomenon. Food Chemistry, 149: 84-90.

Fauzi, N. A., & Farid, M. M. (2015). Original article High-pressure processing of
Manuka honey: brown pigment formation, improvement of antibacterial
activity and hydroxymethylfurfural content. International Journal of
Food Science & Technology, 50: 178-185.

72



Fauzi, N. A., & Farid, M. M. (2016). High pressure processed manuka honey:
change in nutritional and rheological properties over 1l-year storage.
Journal of Food Processing and Preservation 41: e13085.

Fauzi, N. A., Farid, M. M., & Silva, F. V. M. (2014). High-pressure processing of
manuka honey: improvement of antioxidant activity, preservation of
colour and flow behaviour. Food and Bioprocess Technology, 7: 2299-
2307.

Fidalgo, L. G., Saraiva, J. A., Aubourg, S. P., Vazquez, M., & Torres, J. A.
(2014). Effect of high-pressure pre-treatments on enzymatic activities
of Atlantic mackerel (Scomber scombrus) during frozen storage.
Innovative Food Science and Emerging Technologies, 23: 18-24.

Finola, M. S., Lasagno, M. C., & Marioli, J. M. (2007). Microbiological and
chemical characterization of honeys from central Argentina. Food
Chemistry, 100: 1649-1653.

Garedew, A., Schmolz, E., & Lamprecht, I. (2003). The antimicrobial activity of
honey of the stingless bee Trigona spp. Journal of Apicultural Science,
47: 37-49.

Garedew, A., Schmolz, E., & Lamprecht, I. (2004). Microcalorimetric
investigation on the antimicrobial activity of honey of the stingless bee
Trigona spp. and comparison of some parameters with those obtained
with standard methods. Thermochimica Acta, 415: 99-106.

Ghazali, H. M., Ming, T. C., & Hashim, D. M. (1994). Effect on microwave
heating on the storage and properties of starfruit honey. ASEAN Food
Journal, 9: 30-36.

Gomes, S., Dias, L. G., Moreira, L. L., Rodrigues, P., & Estevinho, L. (2010).
Physicochemical, microbiological and antimicrobial properties of
commercial honeys from Portugal. Food and Chemical Toxicology, 48:
544-548.

Gomes, T., Feas, X., Iglesias, A., & Estevinho, L. M. (2011). Study of organic
honey from the northeast of Portugal. Molecules, 16(7): 5374-5386.

Guerrini, A., Bruni, R., Maietti, S., Poli, F., Rossi, D., Paganetto, G., Muzzoli,
M., Scalvenzi, L., Sacchetti, G. (2009). Ecuadorian stingless bee
(Meliponinae) honey: A chemical and functional profile of an ancient
health product. Food Chemistry, 114:1413-1420.

Guo, Q., Sun, D. W., Cheng, J. H., & Han, Z. (2017). Microwave processing

techniques and their recent applications in the food industry. Trends in
Food Science and Technology, 67: 236—-247.

73



Halcroft, M. T., Spooner-Hart, R., Haigh, A. M., Heard, T. A., & Dollin, A.
(2013). The Australian stingless bee industry: a follow-up survey, one
decade on. Journal of Apicultural Research, 52: 1-7.

Harif Fadzilah, N., Jaapar, M. F., Jajuli, R., & Wan Omar, W. A. (2017). Total
phenolic content, total flavonoid and antioxidant activity of ethalonic
bee pollen extracts from three species of Malaysian stingless bee.
Journal of Apicultural Research, 56: 130-135.

Hebbar, H. U., Nandini, K. E., & Lakshmi, M. C. (2003). Microwave and infrared
heat processing of honey and its quality. Food Science and
Technology Research, 9: 49-53.

Ibrahim, N., Zakaria, A. J., Ismail, Z., & Mohd, K. S. (2016). Antibacterial and
phenolic content of propolis produced by two Malaysian stingless bees,
Heterotrigona itama and Geniotrigona thoracica. International Journal
of Pharmacognosy and Phytochemical Research, 8: 156-161.

lj, F., Ab, M. H., Salwani, |, & Lavaniya, M. (2017). Physicochemical
characteristics of Malaysian stingless bee honey from Trigona Species,
International Medical Journal Malaysia, 17: 187-191.

Ismail, M. M., & Ismail, W. I. W. (2018). Development of stingless beekeeping
projects in Malaysia. In E3S Web of Conferences (Vol. 52, p. 00028).
EDP Sciences.

Ismail, W. I. W. (2016). A review on beekeeping in Malaysia: History,
importance and future directions. Journal of Sustainability Science and
Management, 11: 70-80.

Jimenez, M., Beristain, C. |., Azuara, E., Remedios, M., & Pascual, L. A.
(2016). Physicochemical and antioxidant properties of honey from
Scaptotrigona mexicana bee. Journal of Apicultural Research, 55: 151-
160.

Jiménez, M., Mateo, J. J., Huerta, T., & Mateo, R. (1994). Influence of the
storage conditions on some physicochemical and mycological
parameters of honey. Journal of the Science of Food and Agriculture,
64: 67—74.

Kayacier, A., & Karaman, S. (2008). Rheological and some physicochemical
characteristics of selected Turkish honeys. Journal of Texture Studies,
39: 17-27.

Keenan, D. F., Brunton, N. P., Gormley, T. R., Butler, F., Tiwari, B. K., &
Patras, A. (2010). Effect of thermal and high hydrostatic pressure
processing on antioxidant activity and colour of fruit smoothies.
Innovative Food Science and Emerging Technologies, 11: 551-556.

74



Kek, S. P., Chin, N. L., Yusof, Y. A., Tan, S. W., & Chua, L. S. (2014). Total
phenolic contents and colour intensity of Malaysian honeys from the
Apis spp. and Trigona spp. Bees. Agriculture and Agricultural Science
Procedia, 2: 150-155.

Kek, S. P., Chin, N. L., Yusof, Y. A., Tan, S. W., & Chua, L. S. (2018).
Classification of entomological origin of honey based on its
physicochemical and antioxidant properties. International Journal of
Food Properties, 20: S2723-S2738.

Kelly, N., Farisya, M. S. N., Kumara, T. K. and Marcela, P. (2014). Species
diversity and external nest characteristics of stingless bees in
Meliponiculture. Pertanika Journal Agricultural Science, 37: 293-298

Khalil, M. I., Sulaiman, S. A., & Gan, S. H. (2010). High 5-hydroxymethylfurfural
concentrations are found in Malaysian honey samples stored for more
than one year. Food and Chemical Toxicology, 48: 2388-2392.

Kingsley, D. H. (2014). High pressure processing of bivalve shellfish and HPP’s
use as a virus intervention, Foods, 3: 336—350.

Koochak, H., Seyyednejad, S. M., & Motamedi, H. (2010). Preliminary study on
the antibacterial activity of some medicinal plants of Khuzestan (Iran).
Asian Pacific Journal of Tropical Medicine, 3: 180-184.

Kowalski, S. (2013). Changes of antioxidant activity and formation of 5-
hydroxymethylfurfural in honey during thermal and microwave
processing. Food Chemistry, 141: 1378-1382.

Kowalski, S., Lukasiewicz, M., Bednarz, S., & Panus, M. (2012). Diastase
number changes during thermal and microwave processing of honey.
Czech Journal of Food Science, 30: 21-26.

Kural, A. G., Shearer, A. E. H., Kingsley, D. H., & Chen, H. (2008). Conditions
for high-pressure inactivation of Vibrio parahaemolyticus in oysters.
International Journal of Food Microbiology, 127: 1-5.

Liu, F., Li, R., Wang, Y., Bi, X., & Liao, X. (2014). Effects of high hydrostatic
pressure and high-temperature short-time on mango nectars: Changes
in microorganisms, acid invertase, 5-hydroxymethylfurfural, sugars,
viscosity, and cloud. Innovative Food Science and Emerging
Technologies, 22: 22—-30.

Malaysian Standard MS 2683 (2017), Kelulut (Stingless bee) honey-
specification (MS2683:2017). Malaysia: SIRIM Berhad.

Manzanares, A. B., Garcia, Z. H., Galdén, B. R., Rodriguez, E. R., & Romero,
C. D. (2014). Physicochemical characteristics of minor mono floral
honeys from Tenerife, Spain. LWT - Food Science and Technology,
55: 572-578.

75



Marszatek, K., Mitek, M., & Skgpska, S. (2015). The effect of thermal
pasteurization and high pressure processing at cold and mild
temperatures on the chemical composition, microbial and enzyme
activity in strawberry purée. Innovative Food Science and Emerging
Technologies, 27: 48-56.

Martins, S. ., Jongen, W. M., & Van Boekel, M. A. (2001). A review of Maillard
reaction in food and implications to kinetic modelling. Trends in Food
Science & Technology, 11: 364-373.

Michener, C.D. (2013). The Meliponini. In P. Vit, S. R. M. Pedro, & D. Roubik
(Eds.), Pot-Honey: A legacy of stingless bees (pp. 3—17). New York,
NY: Springer New York.

Molan, P. C. (1999). Why honey is effective as a medicine. 1. Its use in modern
medicine. Bee World, 80: 80-92.

Mouhoubi-Tafinine, Z., Ouchemoukh, S., Louaileche, H., & Tamendjari, A.
(2018). Effect of storage on hydroxymethylfurfural (HMF) and color of
some Algerian honey. International Food Research Journal, 25: 1044—
1050.

Muntean, M.-V., Marian, O., Barbieru, V., Catunescu, G. M., Ranta, O., Drocas,
I., & Terhes, S. (2016). High pressure processing in food industry —
characteristics and applications. Agriculture and Agricultural Science
Procedia, 10: 377-383.

Mustafa, M. Z., Yaacob, N. S., & Sulaiman, S. A. (2018). Reinventing the
honey industry: opportunities of the stingless bee. The Malaysian
Journal of Medical Sciences: MIMS, 25: 1-5.

Nagai, T., Sakai, M., Inoue, R., Inoue, H., & Suzuki, N. (2001). Antioxidative
activities of some commercially honeys, royal jelly, and propolis. Food
Chemistry, 75: 237-240.

Nascimento, A., Marchini, L., Carvalho, C., Araujo, D., Olinda, R., & Silveira, T.
(2015). Physical-chemical parameters of honey of stingless bee
(Hymenoptera: apidae). American Chemical Science Journal, 7: 139—
149.

Nordin, A., Sainik, N. Q. A. V., Chowdhury, S. R., Saim, A. Bin, & Idrus, R. B.
H. (2018). Physicochemical properties of stingless bee honey from
around the globe: A comprehensive review. Journal of Food
Composition and Analysis, 73: 91-102.

Nweze, J. A., Okafor, J. I., Nweze, E. I., & Nweze, J. E. (2017). Evaluation of
physicochemical and antioxidant properties of two stingless bee
honeys: a comparison with Apis mellifera honey from Nsukka, Nigeria.
BMC Research Notes: 4-9.

76



Obwoya, S. K., Baker, T., & Soboyejo, W. (2007). Particle size and the
mechanical properties of Uganda clay. Materials and Manufacturing
Processes, 22: 206-213.

Oddo, L. P., Heard, T. A., Rodriguez-Malaver, A., Pérez, R. A., Fernandez-
Muifio, M., Sancho, M. T., Sesta, G., Lusco, L., & Vit, P. (2008).
Composition and antioxidant activity of Trigona carbonaria honey from
Australia. Journal of Medicinal Food, 11: 789-794.

Oyanedel-Craver, V. A., & Smith, J. A. (2007). Sustainable colloidal-silver-
impregnated ceramic filter for point-of-use water treatment.
Environmental Science & Technology, 42: 927-933.

Ozcan, M.M., Al-Juhaimi, F. (2011). Determination of heavy metals in bee
honey with connected and not connected metal wires using inductively
coupled plasma atomic emission spectrometry (ICP-AES). Environ
Monit Assess, 184: 2373-2375.

Ozcan, M.M., Olmez, C., Arslan, D., & Dursun, N. (2012). Mineral and heavy
metal contents of different honeys produced in Turkey. Journal of
Apicultural Research, 51: 353-358.

Ozcan, M., Arslan, D., Ceylan, D.A. (2006). Effect of inverted saccharose on
some properties of honey. Food Chemistry, 99: 24—29.

Ozcan, M.M. & Al Juhaimi, F. (2015). Honey as source of natural antioxidants.
Journal of Apicultural Research, 54: 145-154.

Ozcan, M.M., Aljuhaimi, F., Uslu, N., Ghafoor, K., Babiker E.E. 2017. A
traditional food: Sunflower (Helianthus annuus L.) and Heather
[Calluna vulgaris (L.) Hull] honeys. Indian Journal of Traditional
Knowledge, 16: 78-82.

Patras, A., Brunton, N. P., Da Pieve, S., & Butler, F. (2009). Impact of high
pressure processing on total antioxidant activity, phenolic, ascorbic
acid, anthocyanin content and colour of strawberry and blackberry
purées. Innovative Food Science and Emerging Technologies, 10:
308-313.

Patras, A., Brunton, N., Da Pieve, S., Butler, F., & Downey, G. (2009). Effect of
thermal and high pressure processing on antioxidant activity and
instrumental colour of tomato and carrot purées. Innovative Food
Science and Emerging Technologies, 10: 16—-22.

Quek, M. C., Chin, N. L. & Yusof Y. A. (2012). Optimisation and comparative
study on extraction methods of soursop juice. Journal of Food
Agriculture and Environment, 10: 245-251.

Ramirez-suarez, J. C., & Morrissey, M. T. (2006). Effect of high pressure
processing (HPP) on shelf life of albacore tuna (Thunnus alalunga)

77



minced muscle. Innovative Food Science & Emerging Technologies, 7:
19-27.

Ranneh, Y., Ali, F., Zarei, M., Akim, A. M., Hamid, H. A., & Khazaai, H. (2018).
Malaysian stingless bee and Tualang honeys: A comparative
characterization of total antioxidant capacity and phenolic profile using
liquid chromatography-mass spectrometry. LWT - Food Science and
Technology, 89: 1-9.

Rao, P. V., Krishnan, K. T., Salleh, N., & Gan, S. H. (2016). Biological and
therapeutic effects of honey produced by honeybees and stingless
bees: A comparative review. Brazilian Journal of Pharmacognosy, 26:
657-664.

Razali, M. F., Akhmazillah, N., Fauzi, M., Sulaiman, A., Talip, B. A., & Rahman,
A. A. (2019). Effect of high - pressure processing on prebiotic potential
of stingless bee (Kelulut) honey: Tested upon Lactobacillus acidophilus
and Lactobacillus brevis. Journal of Food Processing and Preservation,
43: e13946.

Razali, M. F., Fauzi, N. A. M., Sulaiman, A. & Rahman, N. A. A. (2019). Effect
of high-pressure processing (HPP) on antioxidant, diastase activity and
colour for kelulut (stingless bee) honey. Jurnal Teknologi (Sciences &
Engineering), 81: 91-98.

Rizelio, V. M., Tenfen, L., da Silveira, R., Gonzaga, L. V., Costa, A. C. O,, &
Fett, R. (2012). Development of a fast capillary electrophoresis method
for determination of carbohydrates in honey samples. Talanta, 93: 62-
66.

Rosales, G. R. O. (2013). Medicinal uses of Melipona beecheii honey, by the
ancient Maya. In P. Vit, S. R. M. Pedro, & D. Roubik (Eds.), Pot-Honey:
A legacy of stingless bees (pp. 229—240). New York, NY: Springer New
York.

Salim, H. M. W., Dzulkiply, A. D., Harrisson, R.D., Fletcher, C., Kassim, A. R,
Potts, M. D. (2012). Stingless bee (Hymenoptera : Apidae : Meliponini)
diversity in dipterocarp forest reserves in Peninsular Malaysia. The
Raffles Bulletin of Zoology, 60: 213-219.

Sancho, M. T., Muniategui, S., Sanchez, M. P., Huidobro, J. F., & Simal, J.
(1991). Relationships between electrical conductivity and total and
sulphated ash contents in Basque honeys. Apidologie, 22: 487-494.

Saxena, S., Gautam, S. & Sharma, A. (2010). Physical, biochemical and
antioxidant properties of some Indian honeys. Food Chemistry, 118:
391-397.

Sesta, G., & Lusco, L. (2008). Refractometric determination of water content in
royal jelly. Apidologie, 39: 225-232.

78



Shapla, U. M., Solayman, M., Alam, N., Khalil, M. I., & Gan, S. H. (2018). 5-
Hydroxymethylfurfural (HMF) levels in honey and other food products:
effects on bees and human health. Chemistry Central Journal, 12: 1—
18.

Silva, T. M. S., dos Santos, F. P., Evangelista-Rodrigues, A., da Silva, E. M.
S., da Silva, G. S., de Novais, J. S., dos Santos, F. d. A. R, & Camara,
C. A (2013). Phenolic compounds, melissopalynological,
physicochemical analysis and antioxidant activity of jandaira (Melipona
subnitida) honey. Journal of Food Composition and Analysis, 29: 10—
18.

Silvano, M. F., Varela, M. S., Palacio, M. A., Ruffinengo, S., & Yamul, D. K.
(2014). Physicochemical parameters and sensory properties of honeys
from Buenos Aires region. Food Chemistry, 152: 500-507.

Sjoman, E., Manttari, M., Nystrom, M., Koivikko, H., & Heikkila, H. (2007).
Separation of xylose from glucose by nandfiltration from concentrated
monosaccharide solutions. Journal of Membrane Science, 292: 106-
115.

Slaa, E. J., Chaves, L. A. S., Malagodi-Braga, K. S., & Hofstede, F. E. (2006).
Stingless bees in applied pollination: practice and perspectives.
Apidologie, 37: 293-315.

Sobsey, M. D., Stauber, C. E., Casanova, L. M., Brown, J. M., & Elliott, M. A.
(2008). Point of use household drinking water filtration: A practical,
effective solution for providing sustained access to safe drinking water
in the developing world. Environmental Science and Technology, 42:
4261-4267.

Solayman, M., Islam, M. A., Paul, S., Ali, Y., Khalil, M. I., Alam, N., & Gan, S.
H. (2016). Physicochemical properties, minerals, trace elements, and
heavy metals in honey of different origins: a comprehensive review.
Reviews in Food Science and Food Safety, 15: 219-233

Souza, B., Roubik, D., Barth, O., Heard, T., Enriquez, E., Carvalho, C., Villas-
Boas, J., Marchini, L., Locatelli J., Persano-Oddo, L., Almeida-
Muradian, L., Bogdanijov, S., & Vit, P. (2006). Composition of stingless
bee honey: Setting quality standards. Interciencia, 31: 867-875.

Stefanoiu, G.-A., Tanase, E. E., Mitelut, A. C., & Popa, M. E. (2016).
Unconventional treatments of food: microwave vs. radiofrequency.
Agriculture and Agricultural Science Procedia, 10: 503-510.

Subramanian, R., Hebbar, H. U., Rastogi, N. K., Subramanian, R., Hebbar, H.

U., & Rastogi, N. K. (2007). Processing of Honey: A Review.
International Journal of Food Properties, 10: 127-143.

79



Suntiparapop, K., Prapaipong, P., & Chantawannakul, P. (2012). Chemical and
biological properties of honey from Thai stingless bee (Tetragonula
leaviceps). Journal of Apicultural Research, 51: 45-52.

Tornuk, F., Karaman, S., Ozturk, I., Said, O., Tastemur, B., & Sagdic, O.
(2013). Quality characterization of artisanal and retail Turkish blossom
honeys: Determination of physicochemical, microbiological, bioactive
properties and aroma profile. Industrial Crops & Products, 46: 124—
131.

Torres, A., Garedew, A., Schmolz, E., & Lamprecht, I. (2004). Calorimetric
investigation of the antimicrobial action and insight into the chemical
properties of “angelita” honey - A product of the stingless bee
Tetragonisca angustula from Colombia. Thermochimica Acta, 415:
107-113.

Tosi, E. A., Re, E., Lucero, H., & Bulacio, L. (2004). Effect of honey high-
temperature short-time heating on parameters related to quality,
crystallisation phenomena and fungal inhibition. LWT - Food Science
and Technology, 37: 669-678.

Tosi, E., Ciappini, M., Re, E., & Lucero, H. (2002). Honey thermal treatment
effects on hydroxymethylfurfural content. Food Chemistry, 77: 71-74.

Tuksitha, L., Chen, Y. L. S., Chen, Y. L., Wong, K. Y., & Peng, C. C. (2018).
Antioxidant and antibacterial capacity of stingless bee honey from
Borneo (Sarawak). Journal of Asia-Pacific Entomology, 21: 563-570.

Turhan, 1., Tetik, N., Karhan, M., Gurel, F., & Tavukcuoglu, H. R. (2008).
Quality of honeys influenced by thermal treatment. LWT - Food
Science and Technology, 41: 1369-1399.

Turkmen, N., Sari, F., Poyrazoglu, E. S., & Velioglu, Y. S. (2006). Effects of
prolonged heating on antioxidant activity and colour of honey. Food
Chemistry, 95: 653-657.

Varkey, A. J., & Dlamini, D. (2012). Point-of-use water purification using clay
pot water filters and copper mesh. Water SA, 38: 721-726.

Vit, P., Medina M., & Enriquez, M. E. (2004). Quality standards for medicinal
uses of Meliponae honey in Guatemala, Mexico and Venezuela. Bee
World, 85: 2-5.

Vit, P., Oliverio, V., Triny, L., & Favian, M. (2015). Meliponini biodiversity and
medicinal uses of pot-honey from EI Oro province in Ecuador. Emirates
Journal of Food and Agriculture, 27: 502-506.

Vit, P., Rodriguez-Malaver, A., Roubik, D. W., Moreno, E., Souza, B. A,

Sancho, M. T., Fernandez-Muino, M., Almeida-Anacleto, D., Marchini,
L. C., Gil, F., Gonzalez, C., Aguilera, G., & Nieves, B. (2009).

80



Expanded parameters to assess the quality of honey from Venezuelan
bees (Apis mellifera). Journal of ApiProduct and ApiMedical Science,
1. 72-81.

Wanjai, C., Sringarm, K., Santasup, C., Pak-Uthai, S., & Chantawannakul, P.
(2012). Physicochemical and microbiological properties of longan,
bitter bush, sunflower and litchi honeys produced by Apis mellifera in
Northern Thailand. Journal of Apicultural Research, 51: 36-44.

Wongsakoonkan, W., Prechtai, Thai., & Tantrakarnapa, K. (2014). Suitable
types and constituent ratios for clay-pot water filters to improve the
physical and bacteriological quality for water drinking. Environment
Asia, 7: 117-123.

Yaldagard, M., Mortazavi, S. A., & Tabatabaie, F. (2008). The principles of ultra
high  pressure technology and its application in food
processing/preservation: A review of microbiological and quality
aspects. African Journal of Biotechnology, 7: 2739-2767.

Yanniotis, S., Skaltsi, S., & Karaburnioti, S. (2006). Effect of moisture content
on the viscosity of honey at different temperatures. Journal of Food
Engineering, 72, 372-377.

Zainol, M. 1., Mohd Yusoff, K., & Mohd Yusof, M. Y. (2013). Antibacterial
activity of selected Malaysian honey. BMC Complementary and
Alternative Medicine, 13: 1-10.

Zaitoun, S., Ghzawi, A. A. M., Al-Malah, K. I., & Abu-Jdayil, B. (2001).

Rheological properties of selected light colored Jordanian honey.
International Journal of Food Properties, 4: 139-148.

81



BIODATA OF STUDENT

Syahrul Anis Hazwani Binti Mohd Baroyi was born on 5" April 1993 in Kota
Bharu, Kelantan. She received her primary education at Sekolah Kebangsaan
Seberang Pasir Mas, Kota Bharu, Kelantan. Later, she continued her
secondary education at Sekolah Menengah Kebangsaan Kubang Bemban,
Pasir Mas, Kelantan and completed her Sijil Pelajaran Malaysia (SPM) in 2010.
After completing her secondary school years, she further her studies in
Universiti Teknologi Malaysia (UiTM) Puncak Alam to complete her foundation
level for one year before accepted to pursue her degree at Universiti Putra
Malaysia (UPM) in Bachelor of Food and Process Engineering. Throughout her
study at UPM, she was actively participated and handled many activities in her
faculty and residential college. Due to her active participation in both residential
college and faculty, she was rewarded Anugerah lkon Wibawa (2014) from
Eleventh College and Anugerah Kecemerlangan Akademik Kokurikulum (2016)
by the Department of Food and Process Engineering. She graduated in 2016
and was rewarded another two awards, which are Anugerah Graduan Terbaik
Keseluruhan bagi Bacelor Kejuruteraan Proses dan Makanan and Anugerah
Pelajar Bumiputera Terbaik. Following her graduation, she pursued her Master
of Science (Food Engineering) study at the Department of Process and Food
Engineering, UPM. During her postgraduate study, she experienced working as
a demonstrator for undergraduate laboratory class in at early semester of her
studies. She was also actively joined several conferences and seminars related
to her research project.

132



LIST OF PUBLICATIONS

Journals

Baroyi, S. A., Yusof, Y. A,, Ghazali, H. M., Chin, N. L., Othman, S. H., Chang,
L. S., & Ghazali, N. S. (2019). A novel method based on passive
diffusion that reduces the moisture content of stingless bee
(Heterotrigona itama) honey. Journal of Food Process Engineering,
42(6).

Ghazali, N. S. M., Yusof, Y. A, Ling, C. N., Othman, S. H., Manaf, Y. N. A,, &
Baroyi, S. A. H. M. (2019). The application of clay pot for moisture
reduction of Geniotrigona thoracica stingless bee honey. International
Journal on Advanced Science, Engineering, Information and
Technology, 9, 2028-2034.

Ghazali, N. S. M., Yusof, Y. A., Ghazali, H. M., Chin, N. L., Othman, S. H.,
Manaf, Y. N., Chang, L. S. & Baroyi, S. A. H. M. (2021). Effect of
surface area of clay pots on physicochemical and microbiological
properties of stingless bee (Geniotrigona thoracica) honey. Food
Bioscience, 40, 100839.

133



=IulP|Mm

' UNIVERSITI PUTRA MALAYSIA

UNIVERSITI PUTRA MALAYSIA

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT
AND COPYRIGHT

ACADEMIC SESSION : First Semester 2021/2022

TITLE OF THESIS / PROJECT REPORT :

EFFECTS OF CONVENTIONAL, DIFFUSION AND MODERN MOISTURE
REMOVAL METHODS ON QUALITY OF STINGLESS BEE (Heterotrigona
itama Cockerell) HONEY

NAME OF STUDENT :

SYAHRUL ANIS HAZWANI BINTI MOHD BAROYI

| acknowledge that the copyright and other intellectual property in the
thesis/project report belonged to Universiti Putra Malaysia and | agree to allow
this thesis/project report to be placed at the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for
educational purposes only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this
thesis for academic exchange.

| declare that this thesis is classified as:
*Please tick (V)

CONFIDENTIAL (Contain confidential information under Official
Secret Act 1972).

RESTRICTED (Contains restricted information as specified
by the organization/institution where research
was done).

OPEN ACCESS | agree that my thesis/project report to be

Juu

published as hard copy or online open access.



This thesis is submitted for:

@ PATENT Embargo from until
(date)

(date)
Approved by:
(Signature of Student) (Signature of Chairman
New IC No/ Passport No.: of Supervisory Committee)
Name:
Date :
Date :

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with
the letter from the organization/institution with period and reasons for
confidentially or restricted.]





