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2.10 High Pressure Processing 

High Pressure Processing is a non-thermal food processing technology applied 

when the food is subjected to high hydrostatic pressure at 100 l\1Pa and above 

(Considine et al., 2008). HPP is also known as ultra-high pressure (UHP) or high 

hydrostatic pressure (HHP). This technology is a method of food preservation to cause 

destruction of micro-organisms at room or low temperature, enzymes and even spore 

forming bacteria can be inactivated by pressure and thermal combinations and cause 

changes in conformation of biopolymers leading to changes in functionality and phase 

changes (Knorr, 1996). 

In line with the consumer demand for fresh and minimally-processed food. 

HPP becomes the alternative technology to maintain the quality of honey, improves 

product safety and allow longer shelf life. The absence of significant heating makes 

HPP not to break covalent bonds, therefore it eliminates undesirable effects ( colour 

change, nutrient destruction, texture defects and off-flavour) that are produced by 

thermal treatment (Wang et al., 2016). 

HPP process is semi-continuous and has a treatment phase that stops product 

throughput in the treatment cycle (Figure 4). The typical industrial high pressure 

system consists of a high pressure process vessel, a pressure generation means, a 

temperature control device and a material handling system (Elamin et al., 2015). The 

process of HPP starts with chamber load-up which the products are placed in the 

chamber, hermetically sealed and flooded with water fully. A high-pressure pump 

forces water into the chamber in order to produce an isostatic and instantaneous 

increase in pressure. Once the pressure reached the set point, it is held for the desired 
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at 600 MPa for 10 minutes (Akhmazillah et al., 2013; Fauzi et al., 2014). Similar 

findings from Chaikham and Prangthip (2015) evidenced the total phenols, flavonoids, 

antioxidant activities by DPPH and FRAP assays of longan-flower honeys increased 

significantly with pressurization at 500 MPa for 20 minutes. They also found higher 

residual phenols, flavonoids, antioxidant capacity in HPP-treated honey as compared 

with untreated honeys during 4 months of storage. Razali, Mohd F auzi, et al. (2019) 

also investigated HPP ( 600 MPa for 10 minutes) has been shown to maintain the fresh­

like quality and enhanced TPC of Kelulut honey. 

Akhmazillah et al. (2012) proved that HPP has the ability to destroy and 

inactivate microorganisms of honey. The results showed that the high pressure more 

than 350 MPa and temperature higher than 40 °C is needed to completely destroy 

microorganisms in Manuka honey. Therefore, HPP has potential to produce high 

" 

quality foods that are microbiologically safe with 'fresh-like' characteristics and 

improved functionalities. 
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CHAPTER3 

METHODOLOGY 

3.1 Honey Sampling and Processing 

8 kg of raw honey was collected for each of the honey, i.e. Apis mel/ifera, 

Trigona itama and Trigona thoracica directly from a local bee farm in Johor, Malaysia 

from the same batch of harvest. 200 g of honey was filled into 250 ml transparent 

plastic bottles suitable for HPP. The bottles were sealed and labelled before HPP. 

High pressure processing (HPP) was conducted using a commercial unit, 

Hiperbaric 55 (Hiperbaric, Miami, USA) at Kara F&B Production Sdn. Bhd. in 

Semenyih, Selangor. The HPP vessel has 55 litre volume with 200 mm diameter, a 

pressure intensifier pump, an automated loading and unloading conveyor and a control 

system linked with software. Honey samples were subjected to HPP at 450 or 600 MPa 

for 7 minutes. For comparison with thermal processing, honey samples in 250 ml 

beakers were heated for 3 minutes at 60 °C in a thermostatic water bath (BS-21, JEIO 

TECH, Korea) filled with distilled water following the Codex Standard of Honey 

(Codex Alimentarius Commission, 1999). After heating, honey samples were 

immediately placed in ice-cooled water to ambient temperature before bottling. 
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3.2 Physicochemical Analysis 

3.2.1 pH and Free Acidity 

The pH and free acidity was determined based on AOAC official method 

962.19 (AOAC, 1990). l 0 g of honey sample was dissolved in 75 ml of distilled water 

in a 250 ml beaker. After calibrating the pH meter (Milwaukee Mi805, USA) with a 

standard buffer solution with pH of 4 and 7, the pH electrode was immersed in the 

solution and the pH was recorded. The sample solution was titrated with 0. lM sod�um 

hydroxide, NaOH to pH 8.30. Free acidity of honey was determined as 10 times the 

volume (ml) of 0.1 M sodium hydroxide, NaOH used in titration and expressed as 

milliequivalent acid per kg of honey (meq/kg). Each determination was done in 

duplicates. 

3.2.2 Water Activity 

Water activity of honey sample was determined by using water activity meter 

(AquaLab Pre, Decagon Device Inc., USA) in duplicates. Each determination was 

done in duplicates. 

3.2.3 Hydroxymethylfurfural (HMF) Content 

Hydroxymethylfurfural (HMF) content of honey sample was determined using 

White method as described in Harmonised Methods of International Honey 

Commission (Bogdanov et al., 2009). 5g of honey was weighed in a 50 ml centrifugal 

tube. The sample was dissolved in 25 ml of water. Carrez solution I was prepared by 

dissolving 7.5 g of potassium hexacyanoferrate (II), K4Fe(CN)6•3H20 in water and 
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filled up to 50 ml. Carrez solution II was prepared by dissolving 30 g of zinc acetate, 

Zn(CHJCOO)2•2H2O and filled up to 50 ml. 0.5 ml of Carrez solution I, 0.5 ml of 

Carrez solution II and 0.5 ml of ethanol were added and mixed into the sample solution. 

Water was added and made up to the mark to 50 ml before filtering through filter paper 

(Grade 1 Qualitative, Whatman). The first 10 ml of the filtrate was rejected and 5 ml 

of filtered honey solution was pipetted into two 15 ml centrifugal tubes each. 5 ml of 

water was added into one of the centrifugal tubes, mixed well and known as sample 

solution. 5 ml of 0.2% sodium bisulphite solution was added to the second test tube, 

mixed well and known as the reference solution. The absorbance of the sample solution 

against the reference solution were determined at 284 nm and 336 run using UV-VIS 

spectrophotometer (Ultrospec 3100 pro, Amersham Biosciences, USA) in duplicates. 

The HMF content was calculated using equation 3 .1: 

HMF in mglkg = (Ai84-A336) x 149.7 x 5 x D/W (3.1) 

where A2s• and AJJ6 are the absorbance at 284 nm and 336 nm respectively, D is 

dilution factor, W is the weight of honey sample in gram. 

3.2.4 Diastase Activity 

Diastase activity (DN) of honey sample was determined using Phadebes 

method as described in Harmonised Methods of International Honey Commission 

(Bogdanov et al., 2009). 0.5 g honey was weighed into 15 ml centrifugal tube. Acetate 

buffer was prepared by dissolving 13 .6 g of sodium acetate trihydrate in water, the pH 

of the solution was adjusted to 5.2 with glacial acetic acid and diluted to IL with water. 

The honey solution was dissolved in acetate buffer and filled to 50 ml mark. A blank 

solution was prepared by pipetting 5 ml acetate buffer into another tube. 5 ml of the 
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honey solution was transferred into 15 ml centrifugal tube and placed in water bath at 

40 °C for 5 minutes. Both solutions were added with a Phadebas tablet and mixed 

using a vortex mixer. The solutions were placed in water bath at 40 °C, 130 rpm for 

30 minutes. 0.5 M sodium hydroxide, NaOH was added into the solutions and mixed 

using vortex mixer. The solutions were filtered immediately through filter papers 

(Grade 1 Qualitative, Whatman). The absorbance of filtrate was measured at 620nm 

using UV-VIS spectrophotometer (Ultrospec 3100 pro, Amersham Biosciences, USA). 

Distilled water was used as reference. The absorbance of the blank was subtracted 

from that of the sample solution (AA620). Each determination was done in duplicates. 

The diastase activity was calculated using equation 3.2: 

DN = 28.2 X AA620 + 2.64 (3.2) 

where 28.2 and 2.64 are the slope and the intercept of the best straight line obtained 

by linear regression of AA.620 on DN respectively. 

3.2.5 Sugar Analysis 

Sugar contents of honey samples were determined using a high performance 

liquid chromatography (HPLC) with an evaporating light scattering detector (ELSD) 

as described in AOAC Official Method 977 .20 (AOAC, 2000). 2.5 g of honey was 

weighed into a 50 ml centrifugal tube and was dissolved in 20 ml water. 12.5 ml of 

methanol was pipetted into the honey solution and filled to the mark with water. The 

solution was poured through a membrane filter and collected in sample vials. The 

chromatographic separation was performed using a Prevail carbohydrate ES column 

(5 µm particle size, 250 x 4.6 mm inner diameter) with an isocratic elution mobile 

phase of acetonitrile-water (75:25, v/v). The injection volume of the samples was IO 
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was used to produce the standard calibration curve with concentration from 5 to 100 

µg/ml. The total phenolic content was expressed in mg of gallic acid equivalent (GAE) 

per kg of honey. Determinations were done in duplicates. 

3.3.2 Antioxidant Activity (DPPH assay) 

Radical scavenging activity was determined by using 2,2-diphenyl- l­

picrylhydrazyl (DPPH) as a stable radical following Chaikham & Prangthip (2015) 

and Molyneux (200 4) with some modifications. 0.5 g of honey was added with 1 Om.I 

of methanol. 2ml of supernatant were mixed with 2ml of 0.l mM DPPH radical 

methanol solution. Methanol was used as blank and a control was prepared using 2ml 

methanol instead of the honey solution. The mixture was mixed well and incubated in 

the dark for 30 min at room temperature. Absorbance was immediately measured at 

51 7nm using an UV- VIS spectrophotometer (Ultrospec 3100 pro, Amersham 

Biosciences, USA). Determinations were done in duplicates. 

The radical scavenging activity was calculated using equation 3.4: 

DPPH radical scavenging activity(%)= [1-(As / Ac)] x 100% (3.4) 

where As and Ac are the absorbance of sample and control, respectively. 

3.4 Microbiological Analysis 

3.4.1 Total Plate Count 

The total plate count is intended to indicate the level of microorganism in a 

product. Total plate count of honey was determined by using FDA, Bacteriological 

Analytical Manual (BAM) Chapter 3 Method. Spiral plate count (SPLC) method is an 
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official analysis developed by AOAC and APHA. The spiral plate count method 

confonns to AOAC Official Methods of Analysis 977.27 (BAM, 1998b). A 

mechanical plater inoculated a rotating agar plate with liquid sample. The sample 

volume dispensed was decreased as the dispensing stylus moved from the centre to the 

edge of the rotating plate. The microbial concentration was determined by counting 

the colonies on a part of the petri dish where they are easily countable and dividing 

this count by the appropriate volume. One inoculation determined microbial densities 

between 500 and 500,000 microorganism/ml. Additional dilutions may be made for 

suspected high microbial concentrations. 

3.4.2 Total Yeast and Mould Count 

Total yeast and mould count of honey was determined by using FDA BAM 

Chapter 18 Method (BAM, 1998). Spread-plate method was used for plating and 

incubation the samples. 0.1 ml of each dilution was aseptically pipetted on pre-poured, 

solidified DRBC agar plates and inoculum was spread with a sterile, bend glass rod. 

Each dilution was plated in triplicate. The plates were incubated in dark at 25 °C. The 

plates were count after 5 days of incubation. If there was no growth at 5 days, the plates 

were re-incubate for another 48 hours. Plates containing 10-150 colonies were counted. 

If mainly yeasts were present, plates with 150 colonies were usually countable. 

However, if substantial amounts of mould were present, depending on the type of 

mould, the upper countable limit may have to be lowered at the discretion of the analyst. 

The results were reported in colony forming units (CFU/g) based on average count of 

triplicate set. 
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3.S Statistical Analysis

Results were given as mean ± standard deviation of duplicated samples. One­

way analysis of variance (ANO VA) was used to compare the means. Differences were 

considered significant at confidence level of 0.0S (P<O.OS) among the mean values by 

using Tukey' s test. All statistical analyses were performed with Mini tab statistical 

software (Version 18, Mini tab Inc., USA). 

33 

@
 C

OPYRIG
HT U

PM



CHAPTER4 

RES UL TS AND DISCUSSION 

4.1 Physicochemical Properties of Honey Samples 

Table 2 shows the pH value, free acidity, water activity, hydroxymethylfurfural 

(HMF) content and diastase activity (DN) of samples immediately after treatment. 

Unprocessed honey can be regarded as fresh or raw honey as control. Both HPP and 

thermal treatment of stingless bee honeys, the Trigona Thoracica and Trigona /tama 

changed very slightly with significant difference (P>0.05). For Apis Mellifera from the 

honey bee, both HPP and thermal treatments have lowered its pH. Malaysian honey is 

generally acidic in nature and its pH is usually low which helps to inhibit growth of 

microorganisms (Adenekan et al., 2012; De-Melo et al., 201 7). Both stingless bee 

honeys, the Trigona Thoracica and Trigona Itama have lower pH values when 

compared with Apis Mellifera. The lower acidic value is the cause of sourness in 

stingless bee honey (Fuad et al., 2018). The pH of Apis Mell if era honey was found in 

the range of 3.20-4.20 (Zulkhairi Amin et al., 2018). The pH values for Trigona spp. 

honey has been reported in the range between 2.79-2.95 by Fatima et al. (2017) and 

2.40-3.40 by (Lani et al., 2017). The acceptable pH value of stingless bee honey is 

range in.2.50 to 3.80 following the Malaysian Standard (Nordin et al., 2018). A low 
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2009; De-Melo et al., 2017). The high water activity of Trigona spp. is the reason of 

the higher tendency of honey fermentation compared with Apis Mellifera honey. 

No record of HMF content and diastase number (ON) were found in Trigona 

spp. honeys. The HMF indicates that the stingless bee honeys are freshly harvested 

while the zero DN implies it has very low or no diastase enzyme. This agrees with 

other studies where very low DN values of 0.4 ± 0.5 was found in Trigona Carbonaria 

honey (Oddo et al., 2008), 1.62 ± 0.23 for Kelulut honey (Razali et al., 2019) compared 

to Apis honey. Both HPP and thermal treatment did not give any effect to the HMF 

and DN of both Trigona and Apis honeys despite Apis honey has recorded positive 

values of HMF and DN. Al-Habsi & Niranjan (2012) showed that HMF and diastase 

number of Manuka honey was also unaffected in their HPP treatment. Razali et al. 

(2019) also reported that DN of Kelulut honey had no significant change with 

pressurized at 600 MP a for 10 minutes. These honey samples displayed HMF content 

within the limit set by International Honey Commission (IHC)' s Codex Alimentarius 

for European honey quality standard of HMF content 40 mg/kg and with a higher limit 

of 80 mg/kg for tropical honey (Bogdanov et al., 2009). The set standard of DN of not 

less than 8 diastase units, and 3 diastase units for honeys with natural low enzymes 

(Bogdanov et al., 2009). 

Table 2: Physicochemical properties of fresh, HPP and thermal treated honey 

Treatment 

Trigona Thoracica 

Unprocessed 
HPP at 450 MPa 
HPP at 600 MPa 
Thermal at 60 °C 

Trigona ltama 

Unprocessed 
HPP at450 MPa 

pH 

2.76 ± 0.02• 
2.82 ± 0.02• 
2.80 ± o.ooa 
2.82 ± 0.031

3.05 ± 0.02· 
3.06 ± 0.02• 

Free Acidity 
(meq/kg)

42S.00 ± 7.07c

436.00 ± S.66b,c 

453.00 ± 1.41 a,b

461.00 ± 1.411

165.00 ±. 4.241

145.00 ± 4.24b,c

Water Activity HMF Content Diastase 
(mg/kg) Activity (DN) 

0.861 ± 0.002• o.oo ± o.oo• o.oo ± o.oo•
0.865 ± 0.000• o.oo ± o.ooa o.oo ± o.oo•
0.860 ± 0.001• o.oo ± o.oo• o.oo ± o.oo•
o.855 ± o.ooob o.oo ± o.ooa o.oo ± o.oo•

0.804 ± 0.0031,b o.oo ± o.ooa o.oo ± o.oo•
0.813 ± 0.001 a 0.00 ± o.ooa o.oo ± o.oo•
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The ratio of fructose to glucose (F/G) is honey flavour indicator. Fructose tends 

to give a sweeter taste than other sugars whereas glucose content is dependent from its 

nectar source collected by bees (Chua & Adnan, 2014). Apis Mellifera honey was the 

sweetest honey as it had the highest F/G ratio of 1.05. Trigona Thoracica honey had 

the lowest FIG ratio of 0.51 and this stingless bee honey is most sourish. The Apis 

Mellifera also had the highest sucrose content of about 15 g/1 00g. No sucrose content 

was found in Trigona Thoracica honey and relatively low range of 1.04-1.71 g/l00g 

in Trigona Itama honey. Sucrose content is a criterion to determine the purity of honey 

(Aljohar et al., 2018) as measured by the incomplete sucrose conversion into fructose 

and glucose by invertase enzymes which is also known as honey immaturity (Chua & 

Adnan, 2014). High sucrose level in honey can be resulted by adulteration with high 

inverted sugar syrup, beetroot sugar or cane sugar (Chua & Adnan, 2014), thus Codex 

Alimentarius Committee has set the standard limit of sucrose to be not more than 5

g/l00g (Bogdanov et al., 2009). For Malaysian Standards, the maximum sucrose 

threshold is 7.5 g/l00g (Nordin et al., 2018). ThisApis Mellifera honey did not comply 

with the standard set by IHC and Malaysian Standards. In this study, HPP treatment 

of honey has increased the sucrose content significantly while fructose, glucose and 

maltose contents insignificantly. Leyva-Daniel et al. (2017) found that no significant 

changes in fructose and glucose of HPP-treated multifloral honey from Mexican were 

observed. As no research has been conducted on the effect of HPP treatment on sucrose 

and maltose of honey, further investigation is needed to support this observation. 

Treatment 
Table 3: Predominant sugars of fresh, HPP and thermal treated honey 

Fructose Glucose Sucrose Maltose F + G F/G 

Trigona Thoracica 

Unprocessed 

HPP at 4S0 MPa 

HPP at 600 MPa 
Thennal at 60 °C 

(g/ 1 00 g) (g/ 1 00 g) (g/ I 00 g) (g/ 1 00 g) (g/ 1 00 g) 

23.43 ± 0.481 44.38 ± 0.651 o.oo ± o.oo• 21.s1 ± o.5s• 67.81 ± 1.141

25.27 ± 1.211 48. 11 ± 2.501 o.oo ± o.oo• 23.80 ± l.661 73.39 ± 3. 7) I 

26.95±1.311 48.17 ± 2.63· o.oo ± o.oo• 24.01 ± 1.28· 75.12 ± 1.321

26.69 ± 3.161 51.88 ± 5.271 o.oo ± o.oo• 26.04 :i: 1.621 78.57 :i: 8.43• 

o.s3 ± o.oo•

o.53 ± o.oo•
0.56 ± 0.061

0.51 ± 0.01 1
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Trigona ltama 

Unprocessed 25.18 ± 1,35• 21 .85 ± 1.52• 1.04 ± 0.37• 39.24 ± 3.98• 53.02 ± 2.88· o.90 ± o.oo•
HPP at 450 MPa 25.40 ± 2.11 • 29.31 ± 0.03· 1.18 ± 0.02• 44.23 ± 0.97• 54.71 ± 2.75• 0.87 ± 0.09·
HPP at 600 MPa 33.44 ± 2.65• 35.57 ± 2.73• 1.50±0.15· 52.12 ±4.98· 69.01 ± 5.38· o.94± o.oo•
Thennal at 60 °C 31.34 ± 6.56· 34.16 ± 7.18' 1.71 ± 0.28' 47.78 ± 9.40· 65.50 ± 13.74· o.92 ± o.oo•

Apis Mel/if era 

Unprocessed 65.72 ± 0.301 63.59 ± 0.48· 15.58 ± 0.02a,b 5.04 ± 0.01 • 129.31 ± 0.17• 1.03 ± 0.01• 
HPP at 450 MPa 63.13 ± 0.391 60.32 ± 1.80- 14.66 ± 0.0Jb 4.53 ± 0.28· 123.45 ± 2.19• 1.05 ± 0.02• 
HPP at 600 MPa 68.15 ± 2.41· 65.20 ± 3.52· 15.98 ± o.s3• 5.21 ± 0.59- 133.3S ± S.93• 1.05 ± 0.02• 
Thennal at 60 °C 63.08 ± 6. 12• 63.22 ± 2.04• 15. 78 ± 0.23a,b 4.80 ± 0.14· 126.30 ± 8.76• 1.00 ± 0.01•

Mean± standard deviation values in the same column with different superscript letters are significantly 
different (P < 0.05) in each type of honey. F + G summation of fructose and glucose; F/G ratio of 
fructose and glucose 

4.3 Antioxidant Properties of Honey Samples 

Table 4 shows that the Apis Mellifera honey in this study had higher 

antioxidant activity and TPC compared to both Trigona spp. It is contrarily with 

research by Abu Bakar et al., (2017) who found that Trigona spp. honey had higher 

antioxidant activity and TPC of 435.69-516.07 mg GAFJkg and 52.33-97.30%, 

respectively when compared with Apis Mellifera honey (243.01 mg GAFJkg and 

83.74%). The variation of phenolic compounds composition of honey is dependent on 

the floral source, geographic origin, environment factors and harvesting methods 

(Khalil et al., 2011 ). Nevertheless, TPC in honey samples correlated with its 

antioxidant activity. Chua et al. (2013) claimed that antioxidant capacity of honey was 

correlated with its biochemical constituents of total phenol, total flavonoid content and 

total water-soluble vitamins. 

Changes in the total phenolic content (TPC) and antioxidant activity of honey 

was not significant (P>0.05) in all honey samples for all treatments. It is similar to 

Razali et al. 's (2019) study who found that HPP treatment at 200-600 MPa for 5-10 

minutes did not change the antioxidant activity of Kelulut honey while thermal 

treatment of 10 and 30 minutes at 60 °C has resulted slightly reduced. Several studies 
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of HPP treatment on honey TPC and antioxidant activity have reported contradictory 

results. Akhmazillah et al. (2013) and Razali et al. (2019) both have reported 

enhancement of TPC of Manuka honey at 600 MPa for 5-15minutes, and Kelulut

honey at 600 MPa for 10 minutes, respectively. Improvement of antioxidant activity 

was reported in Manuka honey at 200-600 MPa for 10 minutes (Fauzi et al., 2014) and 

longan-flower honey at 500 :MPa for 5-20 minutes (Chaikham & Prangthip, 2015). The 

contradictory results may due to difference in HPP pressure and holding time used 

where more comprehensive researches are needed to explain the mechanisms of 

pressure and holding time on antioxidant properties of honey. HPP treatment at 600 

:MPa for 7 minutes in this study suggested that it can maintain and make slight 

enhancement of the antioxidant properties of Malaysian honey. 

Table 4: Antioxidant properties of fresh and HPP and thermal treated honey 

Treatment 

Trigona Thoracica 

Unprocessed 
HPP at 450 MPa 
HPP at 600 MPa 
Thermal at 60 °C 

Trigona Jtama 

Unprocessed 
HPP at 450 MPa 
HPP at 600 MPa 
Thermal at 60 °C 

Apis Mel/ifera 

Unprocessed 
HPP at 450 MPa 
HPP at 600 MPa 

Thermal at 60 °C 

Total phenolic content 
( mg GAE/kg) 

533.7 ± 32.21

548.6 ± 13.6 1

504.8 ± 30.9 1

523.2 ± 7.431

667.6 ± 16.1 1

649.2 ± 32.2 1

596.7 ± 17.3 1

665.8 ± 21.0• 

978.3 ± 9.9 1

868.9 ± 58.21

969.5 ± 34.7 1

905.7 ± 21.0• 

Antioxidant activity 
(%) 

6.59 ± 1.93 1

5.02 ± 3.25 1

3.85 ± 2.55' 

5.43 ± 4.46' 

36.84 ± 2.93 1

33.88 ± 7.41' 

37.59 ± 0.20• 
41.11 ± 5.181

58.41 ± 6.75 1

54.89 ± 7.881

66.29 ± 9.21 1

64.34 ± 5.17' 

Mean± standard deviation values in the same column with different superscript letters are 
significantly different (P < 0.05) in each type of honey 
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4.4 Microbiological Properties of Honey Samples 

Table 5 shows the total plate count and total yeast and mould count in honey 

samples. While the total yeasts and moulds count in all the honey samples were 

consistently less than 10 CFU/g, the total plate count was in high variability. Trigona 

Thoracica had exceptional high total plate count of 17000 CFU/g. Snowdon & Cliver 

( 1996) mentioned that total plate count of honey samples can be varied from zero to 

tens of thousands per gram for no apparent reason. Based on the findings from Tysset 

& Rousseau (1981), they found that the total plate count was in the range of 3 to 9500 

CFU/g and total yeasts and moulds count was in the range of O to 2500 CFU/g. HPP 

treatment has only reduced the total plate count of Trigona Thoracica honey but not 

the Trigona Itama and Apis Mellifera honeys. Although HPP treatment and thermal 

processes is expected to can bring significant influence on microbial survival and 

growth in terms of considerable microbial inactivation and microbial growth reduction 

(Considine et al., 2008), these treatments however did not show in this study. 

Akhmazillah et al. (2012) reported that pressure above 350 MPa and temperature more 

than 40 °C is needed to inactivate microbial in Manuka honey. It is therefore 

anticipated that higher temperature may be required to inactivate microbial cells 

(Considine et al., 2008). The total plate count and total yeast and mould count in HPP 

and thermal-treated honey samples in this study are still in the acceptable limit and 

safe for consumption with MERCOSUL approval that the maximum yeast and mould 

of honey is 100 CFU/g. Sereia et al. (2017). 

Table 5: Microbiological properties of fresh and HPP and thermal treated honey 

Treatment 

Trigo11a Thoracica 

Unprocessed 

HPP at450 MPa 

Total plate count 

(CFU/g) 

17000 

30 

Total yeast and mould count
(CFU/g) 

<10 

<10 
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(2017) however found no significant change in unprocessed and HPP-treated Manuka 

honey after 1 year of storage. 
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Figure 6: Physicochemical changes of HPP-treated honey stored for 6 months (a) 
pH, (b) free acidity (TI = Trigona Thoracica, TI = Trigona Itama, AM = Apis 

Mellifera) 

Figure 7 shows the water activity of both Trigona spp. honeys increased 

significantly (P < 0.05) while decrease was detected for Apis Mellifera during storage. 

Water activity of honey is mostly determined by the molar concentration of main 

sugars, especially the monosaccharides fructose and glucose (Zamora & Chirife, 2006). 

The increase of water activity is due to the formation of glucose and fructose 

concentration (Figure 9(a) and 9(b)) in the water of honey which lowers the liquid 

concentration of honey (Khadra et al., 2018; Shafiq et al., 2014). In the results, water 

activity of stingless bee honey was influenced by HPP treatment in 600 MPa 

effectively, which leads to slower increment of water activity in storage. 
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Figure 7: Change of water activity ofHPP-treated honey stored for 6 months (TT= 
Trigona Thoracica, TI = Trigona ltama, AM = Apis Mellifera) 

The diastase number (ON) values of all honeys during the 6 months' storage 

fall within the range of International Honey Commission standard with Trigona 

Thoracica and Trigona Itama honey recording zero (Figure 8 (a)). The changes of DN 

of Apis Mellifera honey was insignificantly with regards to storage time and treatments 

which implied that DN was unaffected by exposing to high pressure. The HMF content 

of both Trigona spp. honeys no significant changes (P>0.05) but the Apis Mellifera 

honey has decreased significantly (P<0.05) in the first month and raised insignificantly 

raised (P>0.05) the following months. Islam et al. (2012) reported that the HMF 

content of raw Bangladeshi honeys remained low for 1.5 years of storage, which the 

finding was similar with the result from Trigona spp. honeys. However, the reduction 

of HMF in Apis Mellifera honey is unknown. This implied that HPP may have the 

tendency to degrade and imped the formation of HMF, which requires further 

investigation. 
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CHAPTERS 

CONCLUSIONS AND RECOMMENDATION 

HPP and thermal treatment have resulted slight change in pH of Trigona spp. 

honey and decrease of pH for Apis Me/lifera honey. Both HPP and thermal treatments 

have resulted free acidity increase in Thoracica, decrease for Itama and no changes in 

free acidity of Apis Mellifera. HPP treatment did not affect water activities of all honey, 

but thermal treatment reduced water activity of all honey. Both HPP and thermal 

treated honey showed no significant effect on diastase number and HMF content. The 

HPP-treated honey had minimal increment of sucrose and no significant alteration was 

found in fructose, glucose and maltose. Both HPP and thermal process did not give 

any effect to TPC and antioxidant activity of Trigona Thoracica, Trigona Itama, and 

Apis Mellifera. Over a storage time of 6 months, pH decreased significantly and free 

acidity of honey increased over time in all type of honey. Water activity of Trigona 

spp. honey showed significantly increment, whereas a significant declination of water 

activity of Apis Mellifera during the storage. Diastase number did not show significant 

changes, and insignificant minimal fonnation of HMF was found during storage in 
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