
Honey is a naturally sweet food product, which consists of
more than 180 different compounds (Da Silva et al., 2016).
The main components of honey are carbohydrates, mostly
fructose and glucose. Besides these monosaccharides, a
wide range of minor constituents such as enzymes, organic
acids, proteins, phenolic compounds, and others are present
in honey (Suárez-Luque et al., 2002; Ciulu et al., 2008;
León-Ruiz et al., 2011; Khan et al., 2018). In spite of their
lower amounts, phenolic compounds have a significant role
in human health due to their antioxidant, anti-inflammatory,
and antibacterial properties (Pyrzynska and Biesaga, 2009).
Phenolic compounds or polyphenols are plant-derived sec-
ondary metabolites, which have at least 8000 different
known structures (Bravo, 1998). The honey polyphenols
represent two large groups — phenolic acids and flavonoids
(Estevinho et al., 2008). The qualitative and quantitative
composition of phenolic compounds depends on many as-
pects such as botanical and geographical origin, climate,
and seasonal factors (Kropf et al., 2010; Karabagias et al.,
2014; Ciulu et al., 2016).

Honey, a natural source of polyphenols, is mostly used as a
sugar substitute due to its sweet taste. As a highly nutritious
product, honey could be used more for other industrial ap-

plications. Honey’s high viscosity and density, and its ten-
dency to crystallize, which is a natural process due to the
high concentration of sugars, affect the applicability of the
product (Tappi et al., 2021). The application of honey could
be increased by obtaining powdered honey (Kýlýnç and
Demir, 2017; Tomczyk et al., 2020). Obtaining powdered
honey can be carried out by using different drying tech-
niques such as vacuum drying, spray drying, and micro-
wave-vacuum drying (Cui et al., 2008; Nurhadi et al., 2012;
Jedliñska et al., 2019; Mutlu et al., 2020). Due to its
cost-effectiveness, spray drying is one of the most favour-
able dehydration methods to produce food products in pow-
dered form (Bansal et al., 2014; Zoriã et al., 2017; Siacor et

al., 2020).

High temperatures are involved to obtain spray-dried prod-
ucts, which can negatively affect heat sensitive compounds
like polyphenols and change the quality of product. The aim
of the study was to determine changes in the concentrations
of individual phenolic compounds in spray dried and liquid
honey, using the high-performance liquid chromatography
(HPLC) method.

Chemicals. All used phenolic compound standards and sol-
vents were HPLC grade. Glacial acetic acid, vanillin, rutin
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hydrate, syringic acid, gallic acid, 2-hydroxycinnamic acid,
trans-cinnamic acid, p-coumaric acid, chlorogenic acid
hemihydrate, sinapic acid, (–)-epicatechin, (+)-catechin hy-
drate, caffeic acid, 4-hydroxybenzoic acid were purchased
from Sigma Aldrich (St. Louis, MO). 3,5-dihydroxybenzoic
acid, quercetin dihydrate, homovanillic acid, 4-hydroxy-3-
methoxybenzoic acid were from Acros Organics (New Jer-
sey, USA ). Ferulic acid was purchased from Fluka (Char-
lotte, USA). Kaempferol was purchased from Cayman
Chemical Company (Michigan, USA). Luteolin was from
Alfa Aesar (Karlsruhe, Germany). Methanol was from Shar-
lab, S.L (Barcelona, Spain).

Sample. A multifloral honey sample was supplied by a bee-
keeper in southern Latvia. The harvest year of honey was
2018. The supplied honey was stored in a glass jar at room
temperature in the dark until further experiments.

Honey solution preparation and spray drying. Honey
was mixed with deionised water and maltodextrin (STAR-
DRI® 10 NG, TATE & LYLE) to obtain a 20% (w/w) solu-
tion. The ratio of honey and maltodextrin in the prepared
solution was 1:2. The honey and maltodextrin solution was
spray-dried using a BÜCHI mini spray dryer B-290
(Labortechnik AG, Switzerland). The prepared solution was
spray-dried under the following conditions: sample speed
rate 15 ml·min-1, and inlet and outlet air temperatures
180 oC and 80 oC, respectively (Samborska et al., 2015).
The obtained powder was collected in polyethylene bags
and stored at room temperature in a dark and dry place until
further analysis.

Determination of individual phenolic compounds. 1.00 ±
0.01 g of liquid honey was dissolved in 7.5 ml of 70% etha-
nol solution, homogenised, and centrifuged (Pro-Research,
Centurion Scientific Ltd.) for five minutes at 10 000 rpm. A
sample of 3.00 ± 0.01 g of the obtained honey powder was
prepared as described for liquid honey. The centrifugates of
both samples were used for the analysis. A Shimadzu
LC-20 Prominence liquid chromatograph (Shimadzu USA
Manufacturing Inc, Canby, USA) with a Shimadzu DAD
SPD-M20A detector, and an analytical column YMC C18
(4.6 mm � 250 mm I.D., particle size 5 µm) were used for
the analysis. The chromatographic analysis was performed
under gradient conditions. The detection of phenolic com-
pounds were performed as described previously (Priecina et

al., 2018).

The identification of phenolic compounds in the samples
was carried out by comparing the retention times of the
standards at 278 nm wavelength. The calibration curves of
the standards were used for the quantitative determination
of the detected phenolic compounds in the samples. Detec-
tion and identification of phenolic compounds were done in
triplicate. The obtained results were expressed as mean ±
standard deviation. A significance level p < 0.05 was con-
sidered to indicate statistically significant differences.

In this study, powdered honey was obtained by spray drying
technique. This drying method is popular among food sci-

entists to obtain powdered honey (Samborska et al., 2015;
Samborska, 2019). Maltodextrin was used as a carrier to
properly perform the drying process. The moisture content
of the spray-dried honey sample was 4.8% (Keke and Cink-
manis, 2020). Overall, ten phenolic compounds were de-
tected in the liquid honey sample. The obtained data are
shown in Table 1. Six of the detected polyphenols belong to
phenolic acids. Gallic acid was the predominant phenolic
acid found in the sample. The gallic acid concentration was
190 ± 4 µg·100 g-1 dry matter. p-Coumaric acid was the
predominant hydroxycinnamic acid found in liquid honey.
Its concentration was 149 ± 5 µg·100 g-1 dry matter. Sy-
ringic acid and ferulic acid both were detected in very low
concentration: 1 ± 0.3 µg·100 g-1 dry matter. Flavonoids
rutin, quercetin and luteolin were detected in the liquid
honey sample. Their concentration ranged from 3 to 170
µg·100 g-1 (Table 1). Rutin was the predominant flavonoid
in liquid and spray-dried samples. Vanillin was detected and
quantified. Concentration of vanillin in the liquid honey
was 7 ± 2 µg·100 g-1 dry matter. Polyphenol composition
and quantitative concentration vary depending on their flo-
ral sources and geographic origin. This information can be
used for honey authentication (Karabagias et al., 2014; Che-
ung et al., 2019).

The detected phenolic compounds had lower concentration
in the spray-dried honey (Table 1). The reduction in
polyphenol concentration was not significant (p > 0.05).
The concentration of gallic acid in the honey powder was
180 � 5 µg·100 g-1 dry matter. The concentration of gallic
acid decreased by approximately 5 percent. Rutin exhibited
a ten percent decrease in concentration in the honey pow-
der. Syringic acid and ferulic acid were not detected in the
honey power. As a heat-demanding process, spray drying
had a minor impact on the phenolic profile and concentra-
tion, according to the results. The minor impact of spray
drying on the polyphenols showed that maltodextrin, which

Table 1. Phenolic profile of analysed liquid and spray-dried honey samples

Compound Concentration, µg·100 g-1 dry matter ±
SD

liquid honey spray-dried honey

Hydroxybenzoic acids

Gallic acid 190 ± 4 180 ± 5

Syringic acid 1 ± 0.3 ND

Hydroxycinnamic acids

p-coumaric acid 149 ± 5 136 ± 3

Ferulic acid 1 ± 0.3 ND

2-hydroxycinnamic acid 31 ± 4 25 ± 3

Trans(3)-hydroxycinnamic acid 8 ± 0.2 4 ± 2

Flavonoids

Rutin 170 ± 9 153 ± 5

Quercetin 3 ± 0.4 1 ± 0.4

Luteolin 5 ± 0.2 2 ± 0.2

Phenolic aldehyde

Vanillin 7 ± 2 4 ± 3

ND, standard deviation; ND, not detected
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was used as a carrier, successfully encapsulated the bio-
active compounds. Unfortunately, to the authors’ knowl-
edge, there is a lack of data on the qualitative and quantita-
tive changes of phenolic compounds in honey during the
spray drying process. A previous study (Kozùowicz et al.,
2020) on phenolic compounds in honey powder obtained
by spray drying showed a wide range of phenolic com-
pounds. The authors used a different extraction technique
and the samples were examined using a GC-MS, which can
provide more data than HPLC alone.

In conclusion, the concentration of phenolic compounds
during the dehydration process decreased. Honey powder
with maintained health-promoting qualities can be obtained
by spray drying. The findings demonstrated that powdered
honey can be used as an antioxidant source. Further studies
are needed to carry out more extensive identification of
polyphenols in various honey samples, as well as a com-
parison of how they change after spray drying.
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IZMAIÒAS FENOLU SAVIENOJUMU SATURÂ PÇC MEDUS KALTÇÐANAS IZSMIDZINÂÐANAS KALTÇ

Medus ir dabîgs antioksidantu avots. Medus fizikâlie parametri (augsta viskozitâte un blîvums) un tâ tieksme spontâni kristalizçties
uzglabâðanas laikâ ierobeþo tâ plaðu izmantoðanu pârtikas nozarç. Pulverveida medus ir ðíidra medus inovatîva alternatîva, kas varçtu
paplaðinât medus izmantoðanu. Pçtîjuma mçríis bija noteikt izmaiòas fenolu saturâ pçc medus kaltçðanas izsmidzinâðanas kaltç, izmantojot
augsti efektîvo ðíidruma hromatogrâfiju. Individuâlie fenolu savienojumi tika noteikti ar Shimadzu LC-20 Prominence ðíidruma
hromatogrâfu, izmantojot DAD detektoru. Ðíidrâ medus paraugâ kopumâ tika noteikti desmit daþâdi fenolu savienojumi. To koncentrâcija
paraugâ variçja no 1 lîdz 190 µg·100 g-1 sausnas. Analizçjot pulverveida medus paraugu, kuru ieguva ar izsmidzinâðanas kaltes palîdzîbu,
tika novçrota individuâlo fenolu savienojumu koncentrâcijas samazinâðanâs. Daþas fenolskâbes kâ ceriòskâbe un ferulskâbe pulverveida
medû netika noteiktas.
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