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Graphical abstract Abstract

The quality of Kelulut honey is heavily affected by conventional thermal
processing due to the existence of thermolabile compounds. Hence, high-
pressure processing (HPP) was employed as an alternative method to minimize
any quality deterioration during processing. HPP was carried out at two different
pressures (200 and 600 MPa) with two holding times (5 and 10 minutes)
respectively. Thermal processing was also carried out (60 and 90 °C for 10 and 30
minutes) for comparison. After treatment, the changes in antioxidant activity,
diastase activity and colour were determined. Increment of antioxidant activity
by 3 % was recorded by HPP-treated (600 MPa/10 minutes) compared to
thermally-treated. Diastase activity which was used as freshness indicator showed
non-significant changes (p>0.05), whereas colour evaluated based on total
colour different (TCD) and browning index (Bl) showed decrement after HPP.
‘ " " Fortunately, the TCD recorded for HPP was below the range noticeable by human
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High Pressure Processing  Thermal Processing eyes, ranging f_rom. 1.5 to 3:0. In'c'onclumon, HPP is befter than convgnhonol
Processes thermal processing in producing minimally-processed Kelulut honey as evident by
the retention of diastase activity, antioxidant activity with increment at 600 MPa/
10 minutes, and unnoticeable changes in colour. This hence has an implication on
post-harvest processing of Kelulut honey.
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Abstrak

Kualiti madu Kelulut amat terjejas apabila diproses menggunakan rawatan haba
secara konvensional disebabkan oleh kewujudan komponen sensitif haba. Oleh
itu, pemprosesan tekanan tinggi (HPP) digunakan sebagai rawatan alternatif
bagi mengurangkan penurunan kualiti semasa pemprosesan. HPP dijalankan
dengan dua tahap tekanan (200 and 600 MPa) dengan dua tempoh masa
berbeza (5 and 10 minit). Rawatan haba turut dijalankan (60 and 90 °C/ 10 dan
30 minit) untuk perbandingan. Selepas rawatan, perubahan akfiviti antioksidan,
aktiviti diastase dan warna ditentukan. Peningkatan akfiviti antioksidan sebanyak
3 % direkodkan oleh madu rawatan HPP (600 MPa/10 min) berbanding rawatan
haba. Aktiviti enzim diastase yang mana digunaka sebagai penanda kesegaran
menunjukkan perubahan tidak ketara (p>0.05) manakala warna yang dinilai
berdasarkan perbezaan warna total (TCD) dan indeks pemerangan (Bl)
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menunjukkan perubahan selepas HPP. Walau bagaimanapun, nilai TCD yang
direkodkan untuk HPP adalaoh dibawah aras perubahan yang ketara untuk
penglihatan manusia, antara 1.5 — 3.0. Kesimpulannya, HPP adalah lebih baik
berbanding rawatan haba dalam menghasikan madu Kelulut yang diproses
secara minima berdasarkan pengekalan aktiviti diastase, akfiviti antioksidan
dengan penigkatan di 600 MPa/ 10 min dan perubahan warna yang fidak
ketara. Maka ianya mempunyai implikasi untuk pemprosesan pascatuai madu

Kelulut.

Kata kunci: HPP, madu kelulut, antioksidan, enzim diastase, warna
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1.0 INTRODUCTION

Modern society is more aware of the quality of food
that they purchase and consume. Driven by the
notion of a healthy life style, many people are prone
to find minimally-processed food, and healthier
substitutes for their daily food. One of the food
products is honey which has always been used as a
substitute for natural sugar. In recent years, stingless
bee (Kelulut) honey has been gaining popularity as it
contains high antioxidant activity, flavonoid, and
polyphenol [1]. Kelulut honey is a stingless bee honey
produced commonly by bees from tribe Trigona spp.
In general, stingless bee honey is different from the
honey produced by bees from Apis sp in which it
possesses more fluid in the texture, and undergoes
slow crystallization [2]. However, the distribution of this
honey in the world market is limited due to the lack of
institutional standard, lower shelf-life, and limited
industrial production [3]. The lack of knowledge in the
compositions of stingless bee honey [2] is one of the
reasons why there is no specific institutional standard
like the International honey standard for honey bee
honey, Codex Alimentarius Commission [4].

In line with consumer demand for fresh and
minimally-processed food products, high pressure
processing (HPP) is a novel processing technique that
utilises pressure to pasteurise food. HPP is one of the
most developed food-processing technologies that is
able to destroy food-borne pathogens and spoilage
organisms which improves product safety and
allowing longer shelf life [5]. The absence of
significant heating makes HPP to not break covalent
bonds, hence eliminate undesirable effects that are
produced at high temperatures such as texture
defects, off-flavours, nutrient destruction, and colour
changes [6]. Principally based on le Chatelier and
isostatic pressure, HPP can utilise pressure up to 900
MPa to kil many of the microorganisms in food
without degrading low molecular weight food
components. On the other hand, high molecular
weight components such as enzymes, proteins, lipids,
and cell membranes are pressure-sensitive [7, 8]. This
hence makes  the end-product  of HPP
microbiologically safe, and retains the fresh
characteristics.

Due fo the benefits offered, HPP can be a better
alternative for Kelulut honey processing as opposed
to the conventional thermal processing method.
Thermal processing usually uses conduction and
convection heat transfer from the heat generating
device [?] which is detrimental to many of the
composition of honey. The damage brought about
by heat is more apparent due to the existence of
many unstable and thermolabile components in
honey [10]. This will eventually damage the biological
properties as well as mask its originality [11]. Many
studies have demonstrated the damage done by
heat processing fo the antioxidant activity, phenolic
and biochemical compound, proline and threonine
[12-16]. Therefore, HPP was chosen to be studied as
the processing method for Kelulut honey where the
changes in colour, antfioxidant activity, and diastase
activity were evaluated.

The changes in anfioxidant activity due to
processing need to be evaluated as honey has been
demonstrated to exhibit health promoting properties,
contributed by the existence of antioxidant
compounds. Examples of compounds that exhibit this
property are phenol compounds, flavonoids,
carotenoids, catalase, vitamins C, peroxides and
glucose oxidase enzymes [17]. The antfioxidant
property is imperative as the compound will bind to
any free radical that has been proven to be harmful
fowards human where it could cause cellular
damage, and over time will cause age-related
diseases. Besides that, the expectation in food is
literally generated by its fotal appearance [18] in
which colour was one of the attributes that
influenced the perception or acceptance of
consumers. It is often used as the initial criterion for
judgment as it portrays quality or variation resulting
from geographical origin or processing [19]. Since
honey is generally amorphous, colour plays an
important role in determining the initial acceptance
by consumers. Owing fo its geographical origin,
honey exists in a variety of colours such as light yellow
tfo amber, dark amber, and even black [20]. There is
a perception that the darker the honey, the more
nuftritious it is. This is mainly due to the hypothesis that
dark honey contains more anfioxidant capacity than
its lighter counterpart. Kelulut honey that was used in
this research had a dark blackish colour.
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Enzyme activity, on the other hand, makes up the
quality indicafion of honey. Diastase (amylase),
glucose oxidase, invertase (a- glucosidase), acid
phosphate, and catalase are examples of enzymes
that exist in small amounts in honey. Diastase in
particular can turn % of sucrose in honey. Hence the
older the honey, the less sucrose it contains.
Moreover, the activity of diastase enzyme is reduced
upon heat encounter thus making it an indicator of
possible heating, and quality reduction [12].
Therefore, the changes in these parameters need to
be evaluated after HPP and thermal treatment.

2.0 METHODOLOGY
2.1 Sample Honey Preparation

Unprocessed Kelulut honey was freshly collected
from the local breeder; MAEPS, Serdang. The fresh
honey was stored in a glass bottle at about 10 °C. For
HPP treatments, Kelulut honey was stired manually
and ég was packed in 5 cm x 5 cm fransparent
plastic film pouches, and thermosealed under
vacuum. The plastic film has an excellent
fransparency and heat sealing quadlities, and is able
to withstand temperature up to 125°C as it was made
of cast polypropylene [21].

2.2 High Pressure Processing (HPP)

HPP was carried out with HPP unit (Avure
Technologies, Ohio, USA) where distilled water served
as the medium in the chamber. Figure 1 shows the
schematic diagram of the HPP system. 6 g vacuum-
packed honey samples were subjected to HPP with
pressure of 200 MPa and 600 MPa at close to
ambient temperature for 5 and 10 minutes,
respectively. Pressure holding time was the treatment
time, and did not include the pressure come up and
the decompression times. Thermocouples (located at
mid and fop of the vessel) which were immersed in
the pressure medium (distilled water) were used to
monitor the temperature inside the pressure
chamber. The compression fime, decompression
time, and average temperature were on the cycle
report which was directly obtained from a control
system operated through a computer with software.
After processing, the packed honey samples were
immediately placed in ice water before analyses. All
honey samples were taken from the same honey
batch and the experiment were carried out with
triplicate samples [22].

Heating/
Cooling
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|

Kelulut honey
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Figure 1 Schematic diagram of the HPP system

2.3 Thermal Treatment

Based on preliminary studies (data not shown), ég of
honey was placed in the ftest fube after being
manually stired, and thermally freated at 60 and 90
°C for 10 and 30 minutes, respectively using a Digital
Water bath(KNK, Korea). The treatment time started
when the control sample with a thermometer inside
achieved the intended temperatures where it took
5+2 minutes for it fo reach 60 °C and 7+3 minutes for it
to reach 90°C. The samples were immediately
placed on an ice-cooled water to stop the heat
freatment. All honey samples were from the same
honey batch, and the experiment was carried out
with friplicate samples.

2.4 Determination of Antioxidant Activity

Antioxidant activity was deftermined according to
the methods used by Turkmen et al. [10] using the 2,
2, diphenyl-2-picryl-hydrazyl (DPPH). One gram of
Kelulut honey was dissolved in 5 mL of distilled water
using a vortex mixer and centrifuged for 15 minutes
at 5000 rpm (Hermle Larbotechnik, Germany). Next,
the solution was filtered through Whatman No. 1 and
diluted precisely to 4 °Brix with distilled water using a
digital pocket refractometer (Atago, Japan). A 0.5
mL of honey extract was then mixed with an aliquot
of 1.5 mL of 0.1 mM DPPH radial (Sigma) in methanol.
The reaction mixfure was then vortex-mixed and left
fo stand at 25°C in the dark for 60 minutes.
Absorbance at 517 nm was measured using a
spectrophotometer (Labomed, Inc., USA) with
methanol as blank and a mixture of distilled
water/aliquot of DPPH in methanol as a control.
Antioxidant activity was expressed as percentage
inhibition of DPPH radical and was determined by
Equation 1:

AA (%) = (AbSconTroI - AstGmpIe) / Abscontrol X 100 (])

Where AA (%) is the antioxidant activity in
percentage, Abscontrol is the absorbance reading of
the control and Abssample is the absorbance reading
of the sample.
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2.5 Determination of Colour

A colourimeter (model Colour Quest XE, Hunter Lab,
Reston, VA) was used to measure the colour
parameters including L* (0 black, 100 white), a* (-a*
greenness, +a* redness), and b* (b* blueness,pb*
yellowness) for all honey samples. Honey samples
with thickness of 0.2 cm were placed in a transparent
plastic container and measured with the Hunter Lab
equipment. L*,a* b* values were directly obtfained
from the equipment. Consequently, a*and b* values
were used fo calculate the browning index (Bl) (2.0)
[23]. and Total colour difference (TCD) (3.0) based on
Equations 2 and 3, respectively.

BI = 100((x—0.31))/0.172,
Where x = (@*+1.75L%)/ (5.645L*+a*-3.012b%)  (2)

tep=VIE —Lp)* + (e —ap)* + (b —B3)* (3

2.6 Determination of Diastase Activity

The diastase activity (DN) of honey samples was
determined based on the method described in the
International Honey Commission (IHC, 2009) by using
Phadebas tablets (Pharmacia Diagnostics, Sweden).
Results were the mean value of triplicate absorbance
measurement at 620 nm spectrophotometrically
(As20). One DN was expressed as a diastase unit per
gram of honey as presented in Equation 4.

DN (units/g) = 35.2 x A620 - 0.46 (4)
2.7 Statistical Analysis

Results were expressed as mean + standard deviation
of friplicate samples. One-way analysis of variance
(ANOVA) was used to compare the means where
differences were considered significant at p < 0.05.
Tukey's honestly significant difference (HSD) test was
also carried out to determine where the significant
different lies on the mean group. All statistical
analyses were performed with Minitab version 16
(Minitab Inc., USA) and Microsoft Excel (Microsoft, Los
Angeles, CA, USA).

3.0 RESULTS AND DISCUSSION
3.1 Effect on Antioxidant Activity (AA)

Kelulut honey in this study exhibited outstanding
antioxidant prowess where the unfreated sample
registered 54.43+5.06% scavenging activities. After
processing, the changes in anfioxidant activity of
HPP-treated are shown in Figure 2 with comparison o
the thermally-treated.
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Figure 2 Changes in anfioxidant activity (AA) of Kelulut
honey. Means that do not share a lefter are significantly
different (P<0.05) as determined by Tukey HSD test in
Minitab 16 (Pennsylvania, USA)

In general, the antioxidant activity of HPP-treated
honey showed a small decrement at 200 MPq, yet at
600 MPq, it increased from the untreated particularly
with 10 minutes holding fime. However, these
changes on all pressure, and time parameters were
not significant (p<0.05). This proves that HPP can
actually maintain, and even slightly enhance the
antioxidant properties of Kelulut honey.

This particular finding at 600MPa/10 minutes
showed a similar frend with HPP-freated Manuka
honey where the antioxidant activities of HPP-treated
Manuka honey with 10 minutes holding fime
increased significantly (p<0.05) from the untreated
[24]. Fauzi et al. [24] also concluded that HPP of
Manuka honey at 600 MPa with 10 minutes holding
fime is favourable in retaining and enhancing the
antioxidant activities by 30%. Their finding is similar
with HPP-treated Kelulut honey in this research in
which HPP-treated Kelulut honey at 600 MPa with 10
minutes increased the antfioxidant activity (see Figure
2). Moreover, HPP-freated Longan flower honey also
showed significant increase (p<0.05) in antioxidant
activities which is more apparent with increasing
pressure and holding time particularly at HPP (500
MPa/20 minutes) [13]. The improvement of
antioxidant activity was most probably due to pollen
disintegratfion under pressure [13, 24]. Pollen, known
to possess a variety of antioxidant compounds [13],
disintegrates under pressure and releases these
compounds in honey thus increasing the antfioxidant
activity.

In comparison, thermal processing was shown to
diminish antioxidant powers where the lowest
antioxidant activity was registered by thermally-
freated at 90°C, 10-minute time with only
32.3846.31%. It is interesting to note that for thermal
freatments, longer freatment fime (30 minutes)
seemed to increase the antioxidant activity from 10-
minute treatment time which was postulated to be
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confributed by Maillard reaction product [10].
However, the scavenging activities were still lower
compared to untreated and thermally-treated.
Looking at the common processing time; HPP-treated
illustrated the positive effect of pressure whereas
thermally-treated illustrated the negatfive effect
towards the scavenging activities respectively. Based
on the antioxidant activity parameter, HPP was
shown to be far superior in terms of retaining and
enhancing powers as pressure could add more
antioxidant compound from disintegration of pollen
[13] whereas heat could further degrade this
compound and reduce the anfioxidant prowess.

3.2 Changes in Colour

The changes in colour were evaluated based on
total colour different (TCD) and browning index (Bl).
Figure 3 shows the TCD and Bl of HPP-treated in
comparison to thermally-treated. The Browning Index
(Bl) which gives an indication of browning
development in honey was shown to be decreasing
in HPP-treated compared to the untreated. The
decrease in Bl were significant (p<0.05) at HPP-
freated 600 MPa with 10 minutes holding time, with it
being the lowest.
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Figure 3 Changes in Colour parameter (a) Browning Index,
(b) total colour different. Means that do not share a letter
are significantly different (P<0.05) as determined by Tukey
HSD test in Minitab 16 (Pennsylvania, USA)

In terms of TCD, HPP at 600 MPa with 5 minutes
holding time had the highest impact on TCD value
whereas the lowest impact on TCD value was
recorded by HPP at 200 MPa with 10 minutes holding
fime. Both impact on TCD were significantly different
(p<0.05) from each other. Fortunately, TCD values of
HPP-freated were below the range that can be
classified as noticeable which range from 1.5 to 3.0
[25] in which the threshold for noticeable change by
human eye is above 3 [25]. The results of colour
parameter and TCD of HPP-treated Kelulut honey
were different from HPP-treated Manuka Honey [24]
which had a low TCD value (<1.0). It can be
postulated that Kelulut honey contfained different
type and concentration of colour pigments.

According to the harvester/beekeeper of Kelulut
honey used in this project, the geographical area
where the bee was reared was mostly surrounded
with M. malabathricum which is locally known as
‘pokok senduduk’. One of the colour pigments of M.
malabathricum that gives out the dark blue-red or
purple colour is anthocyanins [26]. Since honey
content is heavily dependent on the food sources, it
is probable that a high amount of anthocyanins was
present in this Kelulut honey. Past literature has
supported the existence of anthocyanins in honey
where Jordanian honey exhibited a high content of
anthocyanins during summer [27]. Su et al. [28]
demonstrated that anthocyanin pigment of Chinese
Bayberry juice degraded when it was treated to high
pressure processing at 400, 500 and 600 MPa with 5 to
10 minutes holding time. The authors also concluded
that anthocyanin is pressure sensitive. Hence it is
probable that the anthocyanins pigments in Kelulut
honey were degraded by high pressure processing
(HPP) therefore clarifying the contradicting result
between it and HPP-freated Manuka honey [24].
More in-depth studies should be done to further
prove this theory.

In comparison to thermal processing, the Bl of
both HPP-treated and thermally-treated were all less
than the unfreated with 600 MPa/10 minutes being
the lowest and significantly different (p<0.05). The
results indicate that processing reduced the
browning in Kelulut honey. In reference to TCD, the
highest impact was recorded by thermally-treated at
90°C with 10-minute freatment time whereas the
least impacted were HPP-treated at 200 MPa.
Although both tfreatments caused changes in the
colour of Kelulut honey, thermal treatment at 90°C
showed the largest difference from the unfreated. At
this point, HPP showed less impact towards the
overall colour of Kelulut honey. It was earlier
postulated that Kelulut honey contained colour
pigments anthocyanin which are pressure-sensitive
[28]. Moreover, anthocyanin was also easily
degraded when subjected to thermal treatments
[29]. Hence, this could explain the resulting
decrement in Bl and high TCD from the untreated.

Narrowing down to common processing time (10
minutes), HPP-freated at 600 MPa showed less
browning index followed by thermally-treated at 90
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°C. The brown pigment in honey was due fo Maillard
reaction in honey which was postulated to be
affected by both processes. Hence, this explains the
reduction in browning index in all freated samples. In
terms of TCD, thermally-tfreated at 90°C showed the
highest colour difference from the unfreated, and
the lowest impact was recorded by HPP-treated at
200 MPa. These results showed that at 10 minutes
holding time, the effect of pressure on overall colour
was less than heat on thermal treatment thus giving
HPP one plus point than thermal tfreatment. However,
both treatments did not exceed the threshold of
colour change detectable by human eyes, ranging
from 1.5 to 3.0 [25]. As evident by the results, it can
be concluded that HPP caused less changes in the
overall colour of Kelulut honey compared to
thermally-treated.

3.3 Effect on Diastase Activit

Diastase activity is often used to evaluate the
freshness of honey in industries because it gives an
indication of possible heating or poor storage
temperatures. Unfreated Kelulut honey has a
diastase number of 1.62+0.23 DN which is similar with
stingless bee honey from Thailand with diastase
activity of 1.5 Gothe [30]. Moreover, the DN was
within the range of 0.9-23.0 DN [3]; the same as other
stingless bee honey. After being freated with HPP, the
changes of DN (see Figure 4) for all pressure and
holding fime were not notable (p>0.05). The DN of all
HPP-treated increased except for 200 MPa with 5
minutes holding fime. The results demonstrated that
HPP, in general, was able to maintain the diastase
activity of Kelulut honey hence verifying the
capability of HPP to produce a fresh like quality of
food product. To solidify this fact, Al-Habsi and
Niranjan [31] had demonstrated that high hydrostatic
pressure (HHP) maintained the diastase activity of
Manuka honey with no significant different (p>0.05)
between untreated and freated samples.
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Figure 4 Changes in diastase activity of Kelulut honey.
Means that do not share a letter are significantly different
(P<0.05) as determined by Tukey HSD test in Minitab 16
(Pennsylvania, USA)

In comparison to thermally-treated, the changes in
diastase activity was also noft significant (p>0.05) (see
Figure 4). It is interesting fo nofe that although the
changes in diastase activity were not statistically
significant, the diastase activity of thermally-freated
Kelulut honey showed a slight increment with
thermally-freated at 60°C/ 30 minufes being the
highest. These results confradicted previous results
that showed a decrement in diastase activity in
honey after thermal treatment [14, 32] and defeats
the purpose of diastase activity as a freshness
indicator. However, there were also other studies that
showed a possible recovery of activity after thermal
freatments. Tosi et al. [33] demonstrated activity
recovery of diastase in honey freated at medium
temperature treatments with longer times during the
isothermal heating. This finding is similar to our finding
as the Kelulut honey was heated isothermally and the
sample at 60°C/30 minutes showed the highest DN
among the other thermal-treated samples. The
recovery of enzyme activity was probable due to the
changes in the structure of enzyme that eventually
affected the enzymatic activity. Based on the Erying
fransition state theory, an irreversible denaturation
would occur when free energy of the molecules
exceeds the energy barrier, promoted by the heat
during transient heating. However, in an isothermal
system the temperature is maintained; in our study it
was at 60°C and 90°C; the recovery of enzymatic
activity was probable due to a low number of
activated molecule that could exceed the energy
barrier of transition state [33]. This eventually caused
less complete denaturation and all the activated
molecules that did not exceed the energy barrier
would return back to its native-like state once the
heating sfop. As a consequence, enzymatic activity
would recover [33, 34]. This postfulation is in line with
that reported by Kuwagjima [35] where during
fransition stage; only the tertiary structure of protfein
was disrupted while the secondary structure was
maintained in native-like structure. Accordingly,
reversible inactivation of enzyme promoted by
freatment condition occurred [34, 36]. Tosi et al. [33]
also concluded that variable behaviour of diastase
activity made it unreliable to be a heating indicator.
Nevertheless, the effect of HPP on diastase activity of
Kelulut honey was not severe and comparable to the
effect demonstrated by conventional thermal
processing.

4.0 CONCLUSION

The application of novel high pressure processing
(HPP) on Kelulut honey (stingless bee honey) showed
better retention of antioxidant activity than
conventional thermal processing with a slight
increment of 3 % at 600 MPa/ 10 minutes. Moreover,
the changes in colour parameter by HPP were not as
severe as thermal processing with the changes being
insignificant to the human eye. Furthermore, HPP also
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showed refention of diastase activity thus
demonstrating its ability to maintain the natural
enzymatic activity of Kelulut honey. In conclusion,
HPP showed better performance than thermal
processing as an alternative method to cater tfo
consumer demand of minimally-processed and fresh-
like quality Kelulut honey.
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