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Honey is highly appreciated for its functional properties, however its consume is restricted for children under
one year old due to the potential presence of Clostridium botulinum spores, which could cause botulism.
Within this context the thermal treatment of tyndallization could become in an alternative to treat honey with
the aim of eliminating Clostridium botulinum spores. The objective of this study was to apply thermal
treatments (pasteurization and tyndallization) to Apis mellifera and Tetragonisca angustula honeys, to
evaluate the effect on some physicochemical and microbiological parameters associated to honey quality. The
honey bottled in amber glass recipients was pasteurized to 65 °C for 15 and 21 min and was tyndallized to 80
°C during five and seven minutes. The tyndallized samples were immediately removed from the thermostatic
bath and cooled then, were incubated at 37 °C under anaerobic conditions for 72 h, this cycle was repeated
two times more, and after that the samples were analyzed. Harmonized methods of the International Honey
Commission were used for physicochemical analyses, while methods from the International Commission on
Microbiological Specifications for Foods (ICMSF) were used for microbiological tests. Honey samples heat
treated for pasteurization and tyndallization during 15 and 21 min showed statistically significant differences (p
< 0.05), in terms of moisture and diastase activity, in comparison to untreated honey, although their values
were within the limits established by the Colombian regulations, except T. angustula moisture.
Hydroxymethylfurfural (HMF) raised in A. mellifera honey pasteurized and color raised in tyndallized honeys.
Mesophilic bacteria, molds and yeasts levels of T. angustula honey were not within the limits established by
the Colombian regulations. Mesophilic bacteria, molds and yeasts and total coliforms levels decreased in T.
angustula honey heat treated. While sulfite-reducers anaerobic spores increased in T. angustula honey
pasteurized and Clostridium perfringens increased in T. angustula tyndallized honey.

1. Introduction

Although Apis mellifera is responsible for almost all of the honey sold in the world, it is not the only producing
species; there are species of stingless bees (meliponini) that produce honey and they are mostly originated
from America (Michener, 2013). Stingless bees unlike A. mellifera, have no stinger and they are not
aggressive, which significantly facilitates handling for breeding and maintenance. Stingless bees are mainly a
tropical group of more than 500 species (and possibly even 100 more undescribed) (Michener, 2013). These
bees are distributed among the northern hemisphere 23.5 °N (Tropic of Cancer) and temperate regions of the
southern hemisphere 35 °S (Australia and South America) and 28 °S in Africa (Kwapong et al., 2010). In
Colombia there are 101 species of stingless bees, however only 17 of these species, among which may be
mentioned Tetragonisca angustula and some species of the genus Melipona (Nates-Parra, 2005) are used in
honey production. The species T. angustula (4mm long) known as "angelita" is the stingless bee most widely
distributed in Colombia, it lives in all natural regions below 1800 m.a.s.l. (Nates-Parra, 2001). Honey of these
species is known for its medicinal value, popularly attributed, and is sold in various local markets (Cepeda et
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al., 2008). Clostridium botulinum spores could cause botulism; botulism is a severe neurologic illness induced
by the botulinic neurotoxin that affects human beings and several animals (Rall et al., 2003). Approximately
one third of cases of infant botulism have been associated with honey consumption (Gilbert et al., 2006).
Therefore, honey consume is restricted for children under one year old due to the potential presence of
Clostridium botulinum spores, this group is susceptible to germination of the spores in the intestinal canal, with
subsequent multiplication and toxin formation (Nevas et al., 2006). Thermal pasteurization is a technique
widely utilized in the industry to reduce the microbial content of foods and increase their shelf life (D’Addio et
al., 2014). However, C. botulinum spores are not destroyed with pasteurization, therefore is necessary to
search a different heat treatment of sterilization, because this process would inevitably degrade the taste and
structure of honey. Tyndallization is a process that can be applied to honey for eliminating C. botulinum spores
without affecting considerably the quality of honey. The classical tyndallization process, that is intermittent or
fractional sterilization, is a means of sterilization by which a food or beverage is heated for successive time
periods with intermittent incubation storage for allowing spores germination (Kim et al., 2012). Therefore, the
objective of this study was to apply thermal treatments (pasteurization and tyndallization) to Apis mellifera and
Tetragonisca angustula honeys, to evaluate the effect on some physicochemical and microbiological
parameters associated to honey quality.

2. Materials and methods

2.1 Samples

The study was carried out on two selected multifloral honey batches: Apis mellifera organic honey and
Tetragonisca angustula honey. Apis mellifera honey batch were provided by beekeepers from “Ecolsierra”
network and produced during December 2013 harvest in the province of Santa Marta, Colombia. Tetragonisca
angustula honey batch were provided by beekeepers from Botanical Garden and produced during June 2014
harvest in the city of Medellin, Colombia. All honey samples were not heated by the producers, and they were
taken not more than 4 weeks after the extraction from the hives, batches showed no signs of fermentation or
crystallization. The samples were taken directly from the storage containers. They were aseptically transferred
to alimentary amber glass recipients. A. mellifera honey samples were preserved at room temperature until
use, while T. angustula honey samples were preserved at 4 °C until processing.

2.2 Heat treatment

Each honey batch was divided into three parts: one part as a control (without heat treatment), another part for
pasteurization at 65 °C and the last part for tyndallization at 80 °C. The honey was bottled in amber glass
recipients of 50 mL. The honey for pasteurization was heated in a water bath at 65 °C for 15 during 21 min,
immediately removed from the thermostatic bath and cooled in an ice-water bath. Tyndallization was
performed to 80 °C during five and seven minutes, immediately removed from the water bath and cooled in
ice-water bath then, were anaerobically incubated at 37 °C during 72 h using a Gaspak jar. This cycle was
repeated two more times, and after that the samples were analyzed.

2.3 Physicochemical analyses

Harmonized methods of the International Honey Commission (Bogdanov et al., 1997) were used for
physicochemical analyses: moisture and °Brix by refractometry, diastase activity and HMF using
spectrophotometry and colour by spectrocolorimetry.

2.4 Microbiological analysis
International Commission on Microbiological Specifications for Foods (ICMSF, 2002) were used for
microbiological tests.

2.5 Statistical analysis

The experimental design was a full factorial analysis of variance with heat treatment time (0, 15 or 21 min),
heat treatment type (pasteurization or tyndallization) and bee species (Apis mellifera or Tetragonisca
angustula) as factors was carried out. The means were separated according to the Tukey test (a = 0.05). Data
are presented as mean values.

3. Results and discussion

3.1 Physicochemical behavior of honeys heat-treated

Tables 1, 2, 3 and 4 present physicochemical analysis for A. mellifera and T. angustula honeys treated
thermally. Moisture increased significantly relative to the control sample, in all heat treatments and for the two
species (Tables 1, 2, 3 and 4). There were no significant differences in moisture between 15 and 21 min of
treatment, neither there were no differences between pasteurization and tyndallization. However, in neither
case Apis mellifera honey exceeded the standards set by the regulations for moisture, but moisture level of
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Tetragonisca angustula honey exceeded in all cases the permissible levels to A. mellifera. It could be possible
that this characteristic of high moisture is a natural characteristic for stingless bee honeys. These results
moisture coincide with reports made to T. angustula honey (Anacleto et al., 2009). The brix degrees had an
inverse behaviour to moisture. Moisture was significantly higher in T. angustula relative to A. mellifera.

Diastase activity decreased significantly in comparison to the control sample, in all heat treatments and for the
two species (Tables 1, 2, 3 and 4). Decrease was more noticeable for tyndallization and A. mellifera honey.
Within the same heat treatment there was no significant difference in diastase activity between 15 and 21 min.
Tyndallization reduced diastase activity by 52 % in A. mellifera honey and 32 % in T. angustula honey; while,
pasteurization reduced diastase activity by 5 % in A. mellifera honey and 7 % in T. angustula honey. Diastase
reduction due to heat treatment with similar conditions has been reported for A. mellifera honey (Samborska
and Czelejewska, 2014).

The HMF is obtained of the threefold dehydration of hexoses, like fructose and glucose (Lanziano et al.,
2014). The HMF is a toxic sugar degradation compound (Spigno et al., 2014). HMF increased significantly
relative to the control sample, for pasteurization in A. mellifera honey (Table 1). Within the same heat
treatment, there was no significant difference in HMF between 15 and 21 min. Pasteurization increased HMF
by 77 % in A. mellifera honey. Samborska and Czelejewska (2014) reported HMF increases in A. mellifera
honey under heat treatment, although these increases were not as considerable as this study. For T.
angustula honey, HMF was under the limit of quantification for control and pasteurization. This behavior
coincides with results reported by Biluca et al. (2014), when heat treatments were applied to stingless bee
honey. HMF levels for T. angustula tyndallized honey were lows, although significantly higher compared to
control for 21 min. This behavior coincides with Freitas et al. (2010), who reported HMF increase with heat
treatment in stingless bee honey.

Table 1: Physicochemical analysis for Apis mellifera pasteurized honey

Treatment time Apis mellifera honey requirements

Physicochemical

Analysis Control log(CFU/g)
15 min 21 min NTC 1273 (2007) Res. 1057 (2010)
Moisture (%) 16.71 £ 0.55*@ 18.52+0.06° 18.19+0.08 <20 % <21%
°Brix 81.30£0.112  79.38+0.04° 79.65+0.07°
Diastase activity (DN)  9.25+0.072 8.75+0.35° 8.8+0.00° 23 28
HMF (mg/kg) 7.04+0.992 12.07+0.58° 12.60+0.16° <60 <60
Color (mm Pfund) 48.00+£0.002  49.00+0.002 49.00+0.002

* Means + standard deviation (n = 2). Values in rows with the same letter do not differ significantly at a = 0.05

Table 2: Physicochemical analysis for Apis mellifera tyndallized honey

Apis mellifera honey requirements

Physicochemical Treatment time

Analysis Control log(CFU/g)
15 min 21 min NTC 1273 (2007) Res. 1057 (2010)
Moisture (%) 16.71 £ 0.55*2 18.91+0.38°  18.82+0.03° <20 % <21 %
°Brix 81.30+0.112  79.15+0.35°  79.18+0.04°
Diastase activity (DN)  9.25+0.072 4.65+0.35¢ 4.25+0.07¢ >3 >8
HMF (mg/kg) 7.04+0.992 6.22+1.80°2 7.18+0.732 <60 <60
Color (mm Pfund) 48.00+£0.008  57.00+0.00®  58.00+1.41°

* Means + standard deviation (n = 2). Values in rows with the same letter do not differ significantly at a = 0.05

Color increased significantly in comparison to the control sample, for tyndallization and for the two species
(Tables 1, 2, 3 and 4). Increase was more marked for T. angustula honey. Within the same heat treatment,
there was no significant difference in colour between 15 and 21 min. Tyndallization increased colour by 20 %
in A. mellifera honey and 40 % in T. angustula honey.
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Table 3: Physicochemical analysis for Tetragonisca angustula pasteurized honey

Physicochemical Treatment time Apis mellifera honey requirements

Analysis Control log(CFU/g)
15 min 21 min NTC 1273 (2007) Res. 1057 (2010)
Moisture (%) 22.03 £1.11*  23.26 £ 0.57° 23.45+0.19° <20 % <21%
°Brix 75.98 +0.882  74.70 £ 0.57° 74.53 +0.18
Diastase activity (DN) 33.28 £1.012  30.25+0.92° 31.70 + 3.11° >3 >8
HMF (mg/kg) ND?2 ND?2 ND2 <60 <60

Color (mm Pfund) 62.50 +0.712  62.50 £ 0.712  63.0 £ 0.002

* Means + standard deviation (n = 2). ND, non-detectable HMF.
Values in rows with the same letter do not differ significantly at a = 0.05

Table 4: Physicochemical analysis for Tetragonisca angustula tyndallized honey

Apis mellifera honey requirements

Physicochgmical Control Treatment time log(CFU/g)
Analysis 15 min 21min _ NTC 1273 (2007) Res. 1057 (2010)
Moisture (%) 22.03111%  2358+0.08° 24.02 + 0.08° <20% <21%
*Brix 75.980.888  74.58+0.04>  74.15+0.07°
Diastase activity (DN) 33.28 £1.012  24.08+0.73°  21.25% 0.21° >3 >8
HMF (mg/kg) ND? 161+0.05°  4.46 +0.21° <60 <60

Color (mm Pfund)  62.50 +0.712 87.75+0.35° 87.75+0.35°

* Means + standard deviation (n = 2). ND, non-detectable HMF.
Values in rows with the same letter do not differ significantly at a = 0.05

3.2 Microbiological behavior of heat-treated honeys

Tables 5 and 6 show microbiological analysis for A. mellifera and T. angustula honeys treated thermally. A.
mellifera honey was within limits established by Colombian regulations for all treatments. Pasteurization for 21
min reduced aerobic mesophilic bacteria to < 1.00 log (CFU/g).

Table 5: Microbiological analysis for Apis mellifera honey treated thermally

Pasteurization Tyndallization Apis mellifera honey
Microbiological Control log(CFU/g) log(CFU/g) requirements log(CFU/g)
Analysis log(CFU/g) NTC 1273 Res. 1057
(2007) (2010)

15 min 21 min 15 min 21 min

Aerobic mesophilic 4 g1, 0.09* 2184010 <100 1.93+0.04 213+002 <2.48

bacteria
Molds and yeasts <1.00 <1.00 <1.00 <1.00 <1.00 <2.00 <2.00
Total coliforms
log(MPN/g) <048 <048 <048 <048 <0.48 <1.00
Faecal coliforms
log(MPN/g) <048 <0.48 <048 <048 <0.48
Escherichia coli <1.00 <1.00 <1.00 <1.00 <1.00 <1.00
Sulfite-reducers <1.00 <1.00 <1.00 <1.00 <1.00 <2.00
anaerobic spores
Clostridium sp. <1.00 <1.00 <1.00 <1.00 <1.00
Salmonella /25g Absent Absent Absent Absent Absent Absent

* Means + standard deviation (n = 2).

In contrast with A. mellifera honey, T. angustula honey control was not within the limits established by
Colombian regulations for mesophilic bacteria, molds and yeasts levels. This behavior agrees with the results
reported by Ferrufino and Vit (2013) for honey of Melipona grandis and Tetragonisca fiebrigi. With heat
treatment mesophilic bacteria decrease in T. angustula honey, but levels are still high.
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Molds and yeasts levels decreased, relative to control, in all heat treatments for T. angustula honey (Tables 5
and 6), decrease was more noticeable for pasteurization. This trend coincides with Tosi et al. (2004) that
reported reduction in molds and yeasts in A. mellifera honeys heat-treated.

Total coliforms decrease as well in all T. angustula honeys heat treated. Sulfite-reducers anaerobic spores
raised in T. angustula pasteurized honeys; in samples pasteurized for 15 min sulfite-reducers anaerobic
spores exceeded the levels allowed by regulations. Clostridium perfringens increased in T. angustula
tyndallized honeys.

Table 6: Microbiological analysis for Tetragonisca angustula honey treated thermally

Pasteurization Tyndallization Apis mellifera honey
Microbiological Control log(CFU/qg) log(CFU/qg) requirements log(CFU/qg)
Analysis log(CFU/qg) 15 min 21 min 15 min 21 min NTC 1273 Res. 1057

(2007) (2010)
2.74+0.14* 2.06+040 222+0.15 249+0.08 2.31+0.15 <248

Aerobic mesophilic
bacteria

Molds and yeasts 2.96+0.12 1.30+0.43 1.30+0.43 2.36+0.08 2.42+0.03 <2.00 <2.00
Total coliforms

<
log(MPN/g) 0.78 £ 0.25 <0.48 <048 <0.48 <048 <1.00
Faecal coliforms
log(MPN/g) <0.48 <0.48 <048 <0.48 <048
Escherichia coli <1.00 <1.00 <1.00 <1.00 <1.00 <1.00
Sulfite-reducers <1.00 239%012 1.85+021 <1.00 <1.00 <2.00
anaerobic spores
Clostridium <1.00 <1.00 <100 259+0.16 2.45+0.21
perfringens
Salmonella /25g Absent Absent Absent Absent Absent Absent

* Means + standard deviation (n = 2).

4. Conclusions

Tyndallization affected significantly properties of A. mellifera honey, as diastase was reduced by 52 % and
colour was increased by 20 %. Pasteurization increased HMF by 77 % in A. mellifera honey. Considering that
A. mellifera honey has very good microbiological quality would not be necessary to apply these heat
treatments. In contrast, tyndallization reduced diastase activity by 32 % in T. angustula honey and colour was
increased by 40 %. Despite this reduction, diastase levels are sufficiently high and T. angustula honey
tyndallized accomplish with the limits set by regulations. In addition, tyndallization reduced sulfite-reducers
anaerobic spores in T. angustula honey, indicating that this heat treatment works to remove spores. However,
tyndallization raised Clostridium perfringens in T. angustula honey. This result indicates that for T. angustula
honey is necessary to combine tyndalization with the application of natural antimicrobials to help eliminate
microorganisms that this heat treatment does not eliminate.
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