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Abstract

Multiple medical properties and beneficial influence on health attributed to the aerial parts of Sideritis raeseri Boiss. & Heldr. subsp. 

raeseri indicated the need for further investigation. S. raeseri extracts were subjected to microencapsulation by the spray drying process 

in order to disperse and preserve unstable active compounds within a protective matrix. Two inlet air temperatures (120 and 140 ºC) 

were applied for the encapsulation of S. raeseri extract in a matrix composed of maltodextrin (10, 20, and 40%) or whey protein (40%). 

The effects of spray drying on physico-chemical properties, contents of total phenols and flavonoids, as well as of individual flavonoid 

glycosides of the obtained powders were determined. The 40% whey protein treatment increased bulk density (238.46 mg/mL) while 

it decreased hygroscopicity (14.27%). In addition, the high maltodextrin concentration of the S. raeseri powder resulted in the highest 

process efficiency (63.46%), the highest water solubility index (86.40%), and the lowest water absorption index (5.71%). Moreover, 

powders produced without maltodextrin were characterized by greater content of flavonoid glycosides. Overall, the results suggested 

that S. raeseri powders produced using spray-dried technique under adequate conditions could be considered as a novel functional and 

pharmaceutical ingredient.
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1 Introduction
The wide use and significant role of Sideritis species as 
a  traditional medical remedy has been reported in sev-
eral ethnobotanical and pharmacological studies  [1–3]. 
The genus Sideritis is widely spread and represented by 
more than 150 species, commonly collected and locally 
used mainly in Mediterranean Europe and Northern 
Africa, the Balkans, and the Iberian Peninsula  [4,  5]. 
Sideritis raeseri Boiss. & Heldr. subsp. raeseri is a sub-
alpine/alpine perennial herb and it is consumed in the 
form of a decoction and infusion, for the treatment of 
sinus congestion, gastrointestinal disorders, sore throats, 
flu, common cold, pain, and mild anxiety [1]. The occur-
rence of phenylpropanoids, flavonoids, hydroxycyn-
namic acid derivatives and terpenoids in S. raeseri has 

been related to its antioxidant, anti-inflammatory, hypo-
tensive, vasorelaxant, cardiodepressant, and spasmolytic 
activities [2, 6–9].

Due to health trends and social changes, the commercial 
importance and development of herbal medicines, in partic-
ular food supplements, derived from plants with therapeutic 
potential such as S. raeseri, are forecasted to increase in the 
global market. In order to provide the protection and stabi-
lization of extractable compounds with health importance, 
the microencapsulation process has been widely used. 
Spray drying, spray-cooling, extrusion, centrifugal extru-
sion, freeze drying, and molecular inclusion are methods 
used to perform the encapsulation technology. According to 
the available literature, spray drying is a common method 
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because of its low cost, short drying time, easy scale-up, 
good quality of microparticles, reproducibility, and readily 
available equipment [10, 11]. Nadeem et al. [12] successfully 
encapsulated S. stricta water extracts using different hydro-
colloid carriers. Dontas  et  al.  [13] produced spray-dried 
S. euboea powders with higher concentration and stability 
of active compounds. To the best of our knowledge, there is 
no reported information on the spray drying microencapsu-
lation of active compounds from S. raeseri Boiss. & Heldr. 
subsp. raeseri commonly used in Greece, Albania, Serbia, 
and Northern Macedonia.

Therefore, the present study was undertaken in order to 
investigate the influence of different carrier materials and 
spray drying conditions on S. raeseri extract with respect 
to encapsulation efficiency, moisture content, hygroscop-
icity, bulk density, water solubility, particle size distribu-
tion, as well as the content of total phenols, total flavo-
noids, and individual flavonoid glycosides.

2 Experimental
2.1 Chemicals
Methanol (J. T. Baker, Netherlands) and acetonitrile (Merck, 
Germany) were of HPLC grade. Ultrapure water was pre-
pared using a Milli-Q purification system (Millipore, 
France). Folin–Ciocalteu reagent, maltodextrin, gallic 
acid, and catechin were purchased from Merck (Germany). 
Whey protein was purchased from BioTechUSA (USA).

2.2 Plant material and extraction
S. raeseri Boiss. & Heldr. subsp. raeseri was purchased in 
2018 from Agroherbal, Tirana, Albania by the Institute for 
Medicinal Plants Research "Dr. Josif Pančić", Belgrade, 
Serbia.

Liquid extract of S. raeseri was obtained using perco-
lation with 50% ethanol as a solvent. The plant material/
solvent ratio was 1:5. Extraction was carried out at room 
temperature.

2.3 Spray drying process
The carrier materials, maltodextrin (DE19.7; 10, 20 and 
40%), and whey protein (10, 20 and 40%) were used in the 
liquid feed, compared to the amount of total solids (w/w). 
Total solids content amounted to 29.06±0.289  mg  mL. 
The powders that were obtained by drying with 10 and 20% 
whey protein had inadequate properties with respect to 
stickiness and remaining in the drying chamber. Therefore, 
the work was continued only with the powder obtained with 
the 40% whey protein while lower concentrations applied 
were characterized as inadequate for drying of S. raeseri. 

Drying of the extract without the addition of a carrier 
material was performed in order to characterize the dry 
extract. Carrier materials were dissolved in distilled water. 
These carrier solutions were added to the prepared extract 
and mixed continuously with a magnetic stirrer at a tem-
perature of 30 °C. Such feeds were pumped into the spray 
drying system. The prepared liquid feed was spray dried 
using an Anhydro laboratory spray dryer (APV Anhydro 
AS, Denmark). A peristaltic pump was used to pump the 
feed into the dryer. The process inlet temperatures were 
120 and 140  °C, while outlet air temperatures were 70±4 
and 80±4 °C. The drying process was carried out at a con-
stant pressure of 3  bar. During the process, it was possi-
ble to adjust the pressure with the compressor and the inlet 
air temperature. Atomizer speed ranged from 20000 to 
21000 rpm. The obtained powder was separated from air by 
a cyclone. The efficiency of powder production (expressed 
as the weight percentage) was determined gravimetrically 
as the ratio of the mass of the powder obtained after spray 
drying and mass of total solids measured in the liquid feed. 
All spray drying processes were carried out in duplicate.

2.4 Moisture content
Moisture content was determined according to the stan-
dard procedure described in the official Pharmacopeia 
(Ph. Jug. IV), by drying a sample at 105 °C until constant 
mass. All measurements were carried out in triplicates.

2.5 Hygroscopicity
Hygroscopicity measurements were performed using the 
method described by Vladić et al. [14]. Hygroscopicity was 
expressed as a gram of absorbed water per 100 g of dry extract 
powder. All measurements were carried out in triplicates.

2.6 Bulk density
Bulk density was measured by determining the volume 
occupied by the dry extract mass. Powder (1 g) was freely 
added into a 20 mL graduated glass cylinder and exposed 
to vibration for 2 min. Bulk density was calculated from the 
difference of the empty glass cylinder and the mass of the 
glass cylinder with powder and expressed as mg of powder 
per mL. All measurements were carried out in triplicates.

2.7 Water solubility index and water absorption index
Determination of the water solubility index (WSI) and 
water absorption index (WAI) was achieved according to 
a previously described method [15]. WSI was calculated as 
the ratio of the mass of dried supernatant and the mass of 
the dry sample. WAI was calculated as the mass of solid 
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pellets remaining after the elimination of the supernatant 
divided by the mass of the dry sample. All measurements 
were carried out in triplicates.

2.8 Particle size distribution
The particle size and size distribution were determined 
by a laser diffraction size analyzer Mastersizer 2000 
(Malvern Instruments, Worcestershire, UK) equipped with 
the Scirocco2000 dispersion unit. The samples were added 
at ambient temperature until an adequate obscuration was 
obtained (5–10%). The size distribution was quantified as 
the relative volume of particles in size bands presented as 
size distribution curves using the Mastersizer 2000 soft-
ware. All measurements were carried out in triplicates. 
The particle size, d(v, 0.1) (size of the particles for which 
10% of the sample volume contains particles smaller than 
d(v, 0.1)), d(v, 0.5) (size of the particles for which 50% of the 
sample volume contains particles smaller than d(v,  0.5)), 
d(v, 0.9) (size of the particles for which 90% of the sam-
ple volume contains particles smaller than d(v, 0.9)), and 
D[4,3] (size that represents the average mass-volume diam-
eter) were used as characterization parameters.

2.9 Total phenolic and total flavonoid content
Total phenolic content (TPC) was determined by a colorimet-
ric assay based on a modified procedure initially described 
by Kähkönen et al. [16]. Absorbance was measured at 
750 nm (6300 Spectrophotometer, Jenway, Dunmow, UK). 
The calibration curve was defined using gallic acid as 
a standard and the results were expressed as mg of gallic 
acid equivalent per g of powder (mg GAE/g). All experi-
ments were performed in three replicates and the results are 
expressed as mean values. Total flavonoid content (TFC) 
was determined using aluminum chloride colorimetric 
assay [17]. Absorbance was measured at 510 nm. The cali-
bration curve was defined using catechin as a standard and 
the results are expressed as mg of catechin equivalents per 
g of powder (mg CE/g). All experiments were performed 
in triplicate and the results are expressed as mean values.

2.10 HPLC analysis
High performance liquid chromatography (HPLC) analy-
ses of S. raeseri powders were performed using an Agilent 
series 1200 RR coupled to a DAD detector according to 
a method previously described by Pljevljakušić et al. [18]. 
The stationary phase used for the separation of com-
pounds was a reversed phase LiChrospher RP-18 analytical 
column (250 × 4 mm i.d., particle size 5 μm). The mobile 

phase was 1% 0.1 N H3PO4 formic acid in water as eluent A 
and acetonitrile as eluent B. The solvent gradient changed 
according to the following conditions: 0–5 min, 90–80% A; 
5–10 min, 90% A; 10–20 min, 80–70%  A; 20–30  min, 
70–30% A, and 30–35 min, 30–0% A. Detection and 
quantification were performed at 280 and 330 nm. Four 
flavonoids, previously isolated in the laboratory at the 
Institute for Medicinal Plants Research "Dr. Josif Pančić",  
were used for quantification: isoscutellarein 7-O-[6‴-O-
acetyl-ß-D-allopyranosyl (1→2)]-ß-D-glucopyranoside 
(ISC 1), 4'-O-methylisoscutellarein-7-O-[6‴-O-acetyl-ß-
D-allopyranosyl (1→2)]-ß-D-glucopyranoside (ISC 2), 
4'-O-methylhypolaetin-7-O-[6‴-O-acetyl-ß-D-allopyra- 
nosyl (1→2)]-ß-D-glucopyranoside (HYP 1) and 4'-O- 
methylhypolaetin-7-O-[6‴-Oacetyl-ß-D-allopyranosyl 
(1→2)]-6‴-O-acetyl-ß-D-glucopyranoside (HYP 2). Quan-
tification of flavonoids identified in the samples was per-
formed using corresponding calibration curves.

2.11 Statistical analysis
All analyses were carried out in triplicate and the results were 
expressed as means ± standard deviation (SD). Mean val-
ues were considered significantly different at p < 0.05 con-
fidence level, after the performance of the one-way ANOVA 
statistical analysis followed by Tukey's HSD post hoc test. 

3 Results and discussion
3.1 Process efficiency
Superior quality powders (optimum recovery, absence of 
stickiness, absence of wall deposition phenomenon) are 
desired on the industrial processing level. Therefore, it is 
essential to consider the factors influencing the final prod-
uct properties. The efficiency of the spray drying process 
was determined through the evaluation of the recovery of 
S. raeseri powders (Table 1). 

The powder recovery obtained by the spray drying pro-
cess presented values in the range of 31.01–62.79% which 
is higher than the recoveries of S. stricta powder obtained 
at different inlet air temperature, type of carrier material 
and its concentration by Şahin-Nadeem et al. [19]. In the 
case of S. raeseri powders without the addition of MD 
and with the addition of MD in concentration of 10%, the 
stickiness of the herbal extract on the spray dryer walls 
took place. Low molecular weight compounds such as 
sucrose, fructose, and glucose can cause the powder to 
be retained on the spray dryer walls resulting in techni-
cal issues and lower process efficiency. For these reasons, 
carrier materials of higher molecular weight were used. 



232|Vladić et al.
Period. Polytech. Chem. Eng., 66(2), pp. 229–238, 2022

Various carrier materials were also utilized to prevent 
possible formation of agglomerates and crystallization 
during further processing of powders as well as to prolong 
shelf life and stability  [20]. Using 10% MD as a carrier 
material, the content of active compounds retained in the 
encapsulated sample corresponded to 41.71% (120 °C) and 
39.48% (140 °C). Better results were achieved when using 
20% MD as a carrier material with 44.27% (120 °C) and 
55.51% (140 °C) efficacy of the process. The efficiency of 
the spray drying process was the highest for the 40% MD 
powder (58.91% (120  °C) and 63.46% (140  °C)). A sim-
ilar observation was confirmed during spray drying of 
chokeberry  [21] and garlic  [22]. Furthermore, whey pro-
tein (WP) encapsulates' yield was higher (62.79%) in com-
parison to other powder yields at 120 °C. A slightly lower 
recovery of powder (61.58%) was observed when using 
higher temperature, but even in that case, it was two-fold 
higher than the values observed for the powder without 
the addition of a carrier. According to Bhandari et al. [23], 
recovery of powders higher than 50% is regarded as a cri-
terion for an efficient spray drying process in laboratory 
dryers together with the absence of stickiness and wall 
deposition phenomena. 

Considering all results, the process of S. raeseri pow-
ders production can be considered efficient when using 
40% MD and 40% WP at both process temperatures. In 
addition, MD in concentration of 20% in the liquid feed 
was found to be favorable for the process efficiency when 
carried out at a temperature of 140 °C, but also for other 
powder properties such as moisture content less than 5% 
and high hygroscopicity (Table 1).

3.2 Moisture content
Moisture content less than 5% indicated that the obtained 
powder is stable and suitable to be included as an additive 
in functional foods, dietary supplements, and pharmaceu-
ticals. According to Sun et al. [24], lower moisture content 
also reduced lipid oxidation, enzyme activity, and micro-
bial growth. All spray-dried MD powders of S. raeseri had 
moisture contents lower than 5% (Table 1). The powders 
obtained without a carrier material had the lowest moisture 
content (3.42% at 120 °C and 2.75% at 140 °C). Moisture 
content increased with the addition of MD which was the 
highest with 40% MD at 120 °C (5.01%). The microcap-
sules obtained with WP had a slightly higher moisture 
content in comparison to MD powders probably due to the 
greater water holding capacity of proteins [25]. A higher 
moisture content of protein-based spray-dried powders has 
been reported in a study by Jokić et al.  [26]. Regardless 
of the carrier material, higher inlet temperature resulted 
in lower moisture contents of S. raeseri powders, but it 
was statistically insignificant (p > 0.05) in comparison to 
lower temperatures. Similar findings were observed by 
Ståhl  et  al.  [27] and Chegini and Ghobadian  [28] which 
can be explained by the fact that the rise in temperature 
increases the rate of heat transfer to the particle and acts 
as a driving force for water evaporation [29].

3.3 Hygroscopicity
According to the hygroscopicity classification of GEA 
Niro Research Laboratory [30], powders were classified as 
non-hygroscopic (< 10%), slightly hygroscopic (10–15%), 
hygroscopic (15–20%), very hygroscopic (20.1–25%), and 
strongly hygroscopic (> 25%). It is highly desirable to keep 

Table 1 Process efficiency, moisture content and hygroscopicity of S. raeseri powders 

Carrier Carrier 
concentration

Temperature (°C)

120 140 120 140 120 140

Process efficacy (%) Moisture content (%) Hygroscopicity (%)

Maltodextrin

0 42.12 31.01 3.42 ± 0.21a1 2.75 ± 0.28a2 17.40 ± 0.12a 16.92 ± 0.33a

10 41.71 39.48 3.93 ± 0.12a 3.95 ± 0.63abcd 15.24 ± 0.33b 15.49 ± 0.02b

20 44.27 55.51 4.98 ± 0.63b 4.27 ± 0.44c 15.23 ± 0.81bc1 16.66 ± 0.26ac2

40 58.91 63.46 5.01 ± 0.35b 4.23 ± 0.48cd 16.02 ± 0.11bcd 15.93 ± 0.31bd

Whey protein 40 62.79 61.58 6.16 ± 0.41c 5.52 ± 0.65cde 14.27 ± 0.08bce1 15.20 ± 0.22be2

Means followed by different letters (a, b, c, d) in a column are different from each other i.e., there is a significant and measurable difference between 
powders obtained with different carriers and concentrations at p < 0.05 (the probability of obtaining that difference by chance is very small). 
This statistical parameter can therefore confirm the existence of powders with different competitive ability within the same property and process 
temperature. Means followed by the same letters within a column are not significantly different.

Means followed by different numbers (1, 2) in a row are different from each other, i.e., there is a significant difference between powders in terms 
of different properties and process temperature at p < 0.05. This statistical parameter can therefore confirm the existence of powders with different 
competitive ability within the same carrier concentration. Means followed by the same number within a row are not significantly different.
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the hygroscopicity as low as possible because lower hygro-
scopicity will result in greater stability of the final prod-
uct. The hygroscopicity of the S. raeseri powders ranged 
from 14.27 to 17.40% (Table 1). The highest hygroscopic-
ity was determined for the encapsulated extract obtained 
without the addition of a carrier (Table 1). Slightly lower 
hygroscopicity of S. raeseri powders was obtained with 
MD in concentrations of 10, 20, and 40% due to reduced 
viscosity of MD at high concentrations  [31]. However, 
Quek  et  al.  [32] reported that powder obtained with too 
high MD concentrations were of lower quality because the 
concentration of active compounds encapsulated in pow-
der was diluted. In our study, slightly hygroscopic powder 
was obtained using WP as a carrier material. An inverse 
correlation between hygroscopicity and moisture content 
was observed probably due to the greater water concentra-
tion gradient between the powder and the drying air [33]. 
Bazaria and Kumar  [34] revealed that the moisture con-
tent of beetroot powder obtained with WP increased with 
a decreased percentage of hygroscopicity and inlet air tem-
perature. In this study, the hygroscopicity of the powder 
was not significantly affected by the inlet air temperature.

3.4 Bulk density
High bulk density of powdered products is an import-
ant property in the production of dietary supplements, 
as well as in the production of various pharmaceutical 
forms such as capsules and tablets. The bulk density of 
S. raeseri powders ranged from 139.9 to 238.5  mg/mL. 
According to ANOVA, the inlet air temperature and car-
rier material had exerted a significant influence on bulk 
density at p < 0.05 confidence level. A higher concentra-
tion of MD corresponded directly to a higher bulk density 

due to the lower particle size of microcapsules [35]. The 
highest bulk density of powder was obtained by WP at 
140  °C (238.46  mg/mL). Suitable proteins lodgement 
among particles occupying less space might be the reason 
for such behavior [36]. WP and 40% MD powder had sim-
ilar bulk densities (200.78 and 204.29 mg/mL at 120 °C, 
respectively). Also, it was observed that powders without 
a carrier presented higher bulk densities (162.81 mg/mL 
at 120 °C and 201.04 mg/mL at 140 °C) than the encapsu-
lated powders with 10 and 20% MD. Furthermore, higher 
inlet temperature caused bulk density augmentation which 
was confirmed by Manickavasagan et al. [37]. Conversely, 
bulk density reduction was observed in the case of 20 and 
40% MD. A temperature increase led to lower bulk densi-
ties probably due to larger microcapsules formation with 
a more porous or fragmented structure as a result of the 
increased evaporation rate and droplet surface hardening 
at higher temperatures and MD concentrations [34, 38].

3.5 Water solubility index and water absorption index
Functional rehydration properties, WSI and WAI of pow-
ders are inversely proportional. Both, WSI and WAI of 
S. raeseri powders were significantly affected by the addi-
tion of MD. The highest WSI and the lowest WAI (86.40 and 
5.71%, respectively) were observed for powder obtained 
with 40% MD at 120 ºC. As shown in Table 2, the increase 
in MD concentration led to an increase in WSI and con-
versely, a decrease in WAI. Chegini and Ghobadian  [28] 
attributed the variations in WSI and WAI caused by the 
increase in MD to its superior water solubility. Another 
reason behind the higher WSI with higher MD concentra-
tion may be due to the higher moisture content of pow-
ders  [39]. The WSI of powders obtained by spray drying 

Table 2 Water solubility index (WSI) and water apsorption index (WAI) of S. raeseri powders

Carrier Carrier concentration

Temperature (°C)

120 140 120 140

WSI (%) WAI (%)

Maltodextrin

0 77.38 ± 0.52a 77.52 ± 0.41a 14.06 ±0.11a1 11.24 ±0.58a2

10 81.58 ± 0.16b1 82.02 ± 0.20b2 9.87 ± 0.92b 9.78 ± 0.24b

20 84.53 ± 0.21c 85.47 ± 0.84c 7.41 ± 0.25c 7.04 ± 0.91c

40 86.40 ± 0.65d1 79.16 ± 0.25d2 5.71 ± 0.25d1 8.01 ± 0.33d2

Whey protein 40 49.14 ± 0.32e1 44.19 ± 0.75e2 41.71 ± 0.36e1 48.56 ± 0.52e2

Means followed by different letters (a, b, c, d) in a column are different from each other i.e., there is a significant and measurable difference between 
powders obtained with different carriers and concentrations at p < 0.05 (the probability of obtaining that difference by chance is very small). 
This statistical parameter can therefore confirm the existence of powders with different competitive ability within the same property and process 
temperature. Means followed by the same letters within a column are not significantly different.

Means followed by different numbers (1, 2) in a row are different from each other, i.e., there is a significant difference between powders in terms 
of different properties and process temperature at p < 0.05. This statistical parameter can therefore confirm the existence of powders with different 
competitive ability within the same carrier concentration. Means followed by the same number within a row are not significantly different.
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with MD differed significantly from that of WP powders. 
It was reported that MD, as a result of its amorphous and 
noncrystalline character, may lead to higher solubility [40]. 
According to ANOVA, the WSI and WAI of some pow-
ders were significantly influenced by the different inlet 
temperatures. Lee et al. [39] and Phoungchandang and 
Sertwasana [15] reported a similar observation for WAI. 
Nadeem et al. [12] observed a more soluble S. stricta pow-
der at higher inlet temperatures, whereas there are reports 
where a decrease of inlet temperature improved the water 
solubility and water absorption pointing to the need for the 
analysis of the powder microstructure [41].

3.6 Particle size distribution
Particle size is an important physical parameter relevant to 
powder stability, flowability, solubility, and bioactive reten-
tion. The particle size distribution of powders obtained under 
other process conditions exhibited similar behavior. Using 
WP as carrier did not create any observable particle varia-
tions in S. raeseri powders. The particles of S. raeseri pow-
ders were relatively uniform with their mean diameter from 
4.13 to 5.79 μm. The particle size distribution was compara-
ble to those of other formulations dried under similar process 
conditions [42, 43]. A significantly higher mean diameter was 
observed when the extract was spray-dried without MD at 
140 °C (11.66 μm). According to da Silva Bastos et al. [44], 
a higher concentration of the feed solids could contribute to 
the increase in its viscosity and, consequently, in particle 
size during the atomization process. Larger particle size 
could also be correlated with higher hygroscopycity values 
that contributed to the stickiness of the drying particles and 
the beginning of the agglomeration process [45].

Particle size in spray-dried S. raeseri powders increased 
with higher inlet temperatures caused by the early for-
mation of a dry surface layer on the droplet that does not 
allow the particle to shrink during spray drying, and is 
particularly common in skin-forming materials [28]. The 
opposite, but a statistically insignificant trend was noticed 
when 10 and 20% MD was added. Sun et al. [43] reported 
that the particle size distribution of carvacrol powder was 
positively correlated with the inlet temperature increase 
from 100 to 190  °C. Dadi  et  al.  [46] stated that drying 
temperature also determined the particle size of Moringa 
stenopetala leaves powders, resulting in larger particles 
when higher temperature was applied (120–160 °C).

3.7 Total phenolic and flavonoid contents
TPC and TFC of S. raeseri powders are presented in Table 3. 
According to the results, the spray-dried sample without the 
addition of carrier was characterized by the highest pheno-
lic content. In addition, higher concentration of MD led to 
a lower TPC and TFC. This behavior is logical since the 
active material encapsulated in powder was diluted. The 
same trend of decrease in phenolics and flavonoids con-
tent was reported with the addition of MD in spray-dried 
S. stricta powder [12]. Vidović et  al.  [21] found that the 
increase of MD from 20 to 60% in encapsulated chokeberry 
dust decreased the TPC for 13.1–35.7%. The lowest TPC 
and TFC were measured in WP powders which is in accor-
dance with the data previously reported for persimmon pulp 
powder [47]. The authors emphasized the efficacy of MD 
over protein material, i.e., WP or egg albumin, to preserve 
phenolic compounds. Similarly, the addition of WP slightly 
decreased the TPC of black mulberry juice powder [48]. 

Table 3 The influence of inlet air temperature and carrier material concentration on total phenolic content (TPC) and total flavonoids content (TFC) of S.

Carrier Carrier concentration

Temperature (°C)

120 140 120 140

TPC (mg GAE/g) TFC (mg CE/g)

Maltodextrin

0 29.92 ± 0.10a1 24.87 ± 0.13a2 35.43 ± 0.66a1 23.82 ± 0.28a2

10 26.55 ± 0.34b 26.10 ± 0.48b 24.40 ± 0.09b 24.90 ± 0.34a

20 25.37 ± 0.12c 24.98 ± 0.38ab 31.78 ± 0.16c1 30.49 ± 0.15b2

40 21.33 ± 0.21d1 22.56 ± 0.59c2 24.68 ± 0.27b1 20.89 ± 0.38c2

Whey protein 40 20.20 ± 0.36e 19.36 ± 0.47d 16.52 ± 0.00d1 22.75 ± 0.25d2

*mg of gallic acid equivalents per g of powder; ** mg of catechin equivalents per g of powder. 

Means followed by different letters (a, b, c, d) in a column are different from each other i.e., there is a significant and measurable difference between 
powders obtained with different carriers and concentrations at p < 0.05 (the probability of obtaining that difference by chance is very small). 
This statistical parameter can therefore confirm the existence of powders with different competitive ability within the same property and process 
temperature. Means followed by the same letters within a column are not significantly different.

Means followed by different numbers (1, 2) in a row are different from each other, i.e., there is a significant difference between powders in terms 
of different properties and process temperature at p < 0.05. This statistical parameter can therefore confirm the existence of powders with different 
competitive ability within the same carrier concentration. Means followed by the same number within a row are not significantly different.
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When analyzing the effect of the inlet temperature on 
the contents of phenolics and flavonoids, significant dif-
ferences were observed in some cases. The higher inlet 
air temperature caused lower TPC and TFC probably as 
a result of alternation in the molecular structure of pheno-
lics at higher temperature. These results are in agreement 
with a previous research studying the recovery of pheno-
lic compounds from Emblica officinalis encapsulated with 
5–9% MD using spray drying at 125–175 °C [49]. Bazaria 
and Kumar [34] stated that higher temperature decreased 
the TPC of beetroots powder while Sablania and Bosco [50] 
reported that intensifying inlet temperature (140–180 °C) 
caused a loss in phenolics of Murraya koenigii powder. 
Other studies with comparable inlet temperature showed 
similar TPC/TFC, i.e., 16.14–37.68 mg GAE/g in cocoa 
bean shell powder [26], and 26.58–31.37 mg CE/g in white 
horehound [42]. Pljevljakušić et al. [18] reported similar 
results for the TPC of nonencapsulated S. raeseri extracts 
(15.3–34.1 mg GAE/g) indicating the protective effect of 
the encapsulation process.

3.8 HPLC analysis
HPLC analysis was performed for the quantification of fla-
vonoid glycosides in S. raeseri powders, and the results are 
presented in Table 4. All powders contained 8-hydroxyfla-
vone 7-allosylglucosides which are flavonoids characteris-
tic of this species [8, 51]. Hypolaetin derivative (HYP 1) 
was the most abundant flavonoid glycoside in S. raeseri 
powders, followed by isoscutellarein derivatives (ISC 1 and 
ISC 2), whereas HYP 2 was present in the lowest amounts. 
It could be observed that the contents of flavonoids were 
reduced by the drying process, and the concentration of the 
encapsulant influenced the final flavonoid concentration 
in the powders. In all cases, the addition of different MD 
concentrations resulted in a decrease in flavonoids content. 
A lower concentration of MD was more efficient to entrap 

major flavonoid compounds, with loading capacity between 
96% for ISC 1 and 99% for ISC 2. By increasing the MD 
concentration up to 40%, the ability of this carrier to protect 
flavonoids decreased to a  63–67% loading capacity. This 
finding follows the same trend previously presented for the 
total phenolic content (Table 3). The obtained results are in 
accordance with available literature data for S. stricta and 
sage extract where the loading capacity for total phenolics 
decreased with the increase of maltodextrin concentration 
[19, 12]. WP in a concentration of 40% showed similar fla-
vonoid entrapment (65–68%) as MD with the same concen-
tration. Belščak-Cvitanović et al. [52] also reported a 65% 
encapsulation efficiency of green tea polyphenols in whey 
protein powder. Additionally, the reason for a decrease in 
flavonoids glycosides concentration with the increase in the 
concentration of carriers can be the potential dilution effect. 

The effect of different inlet temperatures on the flavo-
noid content was less pronounced than the impact of car-
rier concentration probably because applied temperatures 
were below the values where possible degradation of these 
compounds occurs. Different studies showed that tempera-
tures higher than 160 °C caused polymerization of phenolic 
compounds [53–55].

4 Conclusions
In the present work, it was demonstrated that the spray 
drying process can be successfully employed to obtain 
S. raeseri powders with optimal physico-chemical charac-
teristics. In respect of the content of polyphenols and fla-
vonoid glycosides in S. raeseri powder, it was determined 
that the addition of a carrier decreases the concentration of 
bioactive compounds in powders. However, when the effi-
ciency of the process, quality parameters, and powder sta-
bility are taken into consideration, the addition of a carrier 
is necessary. The process of production of S. raeseri pow-
der with the highest concentration of carriers was efficient 

Table 4 Content of the individual flavonoid glycosides identified by HPLC-DAD in S. raeseri powders

Carrier Carrier 
concentration

Temperature (°C)

120 140 120 140 120 140 120 140

ISC 1 (mg/g) HYP 1 (mg/g) ISC 2 (mg/g) HYP 2 (mg/g)

Maltodextrin 0 28.31 27.91 32.94 32.52 30.41 30.10 2.34 2.32

10 27.22 25.28 32.26 29.61 30.09 27.45 1.96 2.06

20 22.39 24.17 26.72 28.65 24.86 26.65 1.54 1.64

40 17.96 17.61 22.11 23.76 20.56 22.87 1.49 0.68

Whey protein 40 18.39 17.58 22.43 29.97 20.87 22.54 1.26 1.22

ISC 1 – (isoscutellarein 7-O-[6‴-O-acetyl-ß-D-allopyranosyl (1→2)]-ß-D-glucopyranoside; ISC 2 - (4'-O-methylisoscutellarein-7-O-[6‴-O-acetyl-ß-
D-allopyranosyl (1→2)]-ß-D-glucopyranoside); HYP 1 – (4'-O-methylhypolaetin-7-O-[6‴-O-acetyl-ß-D-allopyranosyl (1→2)]-ß-D-glucopyranoside); 
HYP 2 – (4'-O-methylhypolaetin-7-O-[6‴-Oacetyl-ß-D-allopyranosyl (1→2)]-6‴-O-acetyl-ß-D-glucopyranoside).
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at both inlet temperatures. MD demonstrated to be a more 
adequate carrier than WP for achieving a higher level of 
water solubility, low water absorption index, as well as 
low moisture content in powders. Higher temperature had 
a positive effect on the particle size distribution. In con-
clusion, spray-dried S. raeseri powder could be applied as 
a functional ingredient in food and pharmaceutical prod-
ucts based on its superior physicochemical properties.
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