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Abstract 

In this study, a spray drying process of yarrow (Achillea millefolium L.) liquid extracts was 
optimized by using the response surface methodology. The study aimed to determine the 
influence of temperature (120-195 °C), liquid flow rate (3-16.5 cm3 min-1) and dry matter 
content in the liquid extract (0.3-1.5 %) on the yield of the drying process, the total polyphenols 
content and the antioxidant activity of the dry powder. Under the tested conditions the yield 
varied dramatically and ranged from 8 to 75 %, while the effects on the polyphenol content 
and antioxidant activity were lower. The optimized conditions for the maximum antioxidant 
activity and maximal yield of the dried extract were as follows: temperature of 130 °C, liquid 
flow rate of 7.5 cm3 min-1 and dry matter content of 1.2 %. Under the optimal conditions, the 
yield was 66 %, while there was a slight decrease in the polyphenol content in the dried extract 
as compared to that in the liquid extract (145 mg of gallic acid equivalents [GAE] per g of the 
total dry matter vs. 152 mg GAE g-1, respectively). Consequently, antioxidant activity of the dry 
powder was only slightly reduced as compared to that of the liquid extract (DPPH neutralization 
was 58 vs. 64 %, respectively). The dried yarrow powder preserved its antimicrobial activity 
against pathogenic bacteria Staphylococcus aureus (MIC value of 10 mg cm-3) and Pseudo-
monas aeruginosa (MIC value of 20 mg cm-3).  

Keywords: yarrow; polyphenols; antioxidant activity; antimicrobial activity.

 

ORIGINAL SCIENTIFIC PAPER 

UDC:  66.047.47 048.34: 633.88 

Hem. Ind. 75 (6) 353-363 (2021) 

 

Available on-line at the Journal web address: http://www.ache.org.rs/HI/  

1. INTRODUCTION  

Medicinal plants are widely used in medicine, cosmetics and human nutrition. The World Health Organization (WHO) 

estimates that 65 to 80 % of the world population uses medicinal plants as a primary form of health care [1]. The positive 

effect of medicinal herbs is explained by the presence of bioactive compounds, secondary metabolites, which can exhibit 

various biological activities, such as antimicrobial, antioxidant, anti-inflammatory, cytotoxic, diuretic, spasmolytic and 

many other effects [2]. Plant organisms contain pharmacologically active compounds, while the efficacy of the produced 

plant preparations depends on the preparation method, which can dramatically influence the quality of the final 

product. It is well established that different extraction methods, different solvents and drying conditions are 

investigated for maintaining the quality of herbal products [3-5]. 

Achillea millefolium L. (yarrow) is among the most widely used medicinal plants belonging to the family of 

Asteraceae. Yarrow is commonly found in Europe, North Africa, North America, and Asia [6]. The plant is used in the folk 

medicine to treat respiratory tract infections, diabetes, kidney disorders, to improve digestion and as an appetite-

enhancing drug [6,7]. Yarrow has proven antimicrobial, antitumor, antioxidant and anti-inflammatory properties due to 

the presence of bioactive compounds that primarily belong to the group of polyphenols [8-10], which are mostly 

phenolic acids and flavonoids [8,11]. 
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In order to prepare herbal products, medicinal herbs are subjected to various processes including drying, mechanical 

processing (grinding, sieving and separation), distillation and extraction in various solvents. Extraction of the 

pharmacologically and biologically active ingredients from the plant material yields liquid extracts, which upon drying 

produce semi-solid or solid-consistency preparations [5,12]. Dried plant extract powder is the most common and widely 

used form of medicinal plant products because the solid form offers higher physicochemical and microbiological stability 

than the corresponding liquid form, while transport and storage become easier [13-16]. Several techniques including 

spray drying, freeze-drying, spouted bed and fluidized bed drying can be used to obtain powder extracts [17,18]. Spray 

drying is a commonly used technique that may be employed to produce powders of fine particles with higher 

concentrations and stability of active substances [19,20]. This technology offers high production rates and lower 

operating costs in comparison to alternatives, and it is a single step drying process [21,22]. Spray drying consists of 

atomization of feed, droplet-air contact, drying, and separation of the dried product from the gas phase [23]. The feed 

solution is dispersed into droplets that are rapidly dried due to the high surface area and intimate contact with the 

drying gas. The obtained dried powder is protected from overheating by rapid removal from the drying zone and the 

final product can be removed from the gas stream by cyclones and/or filters [19]. 

In order to improve the spray drying process and avoid problems such as low yields, sticking and high moisture 

content in the obtained particles, operating variables (inlet air temperature, the flow rate of the drying gas and liquid 

feeds, and atomizing conditions) should be optimized [21,24,25]. In addition, during the drying process degradation of 

bioactive compounds should be prevented by selecting appropriate conditions. 

The aim of this study was to optimize spray drying conditions to produce A. millefolium L. dry extract with preserved 

bioactive components belonging to the group of polyphenols. Influence of spray drying parameters (temperature, liquid 

flow rate and dry matter content in the dried liquid extract) on the yield, polyphenol content and antioxidant activity of 

the dry powder were modeled by using the response surface methodology (RSM). Upon optimization, antimicrobial 

activity of the dry powder produced under optimal condition was tested against Staphylococcus aureus and Pseudo-

monas aeruginosa.  

2. MATERIALS AND METHODS 

2. 1. Materials 

For this study, waste yarrow was used as a raw material, which was obtained from the Institute of Medicinal Plant 

Research “Dr Josif Pančić”, Belgrade, Serbia. The experimental material was a dust waste discarded after production of 

tea, for which yarrow was grind and fractionated and the plant material with particle sizes lower than 0.3 mm was 

discarded as dust. The yarrow dust was stored in the dark, at room temperature in paper bags. Ethanol (96 %) supplied 

by Zorka Pharma, Serbia was used as a solvent for the extraction process. Folin-Ciocalteu reagent, methanol, gallic acid 

and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were obtained from Sigma Aldrich, while sodium carbonate was purchased 

from Lach-Ner, Czech Republic. Resazurin was purchased from Acros Organics, Geel, Belgium. All chemicals were the 

highest commercial grades and were used as received without any further purification. 

2. 2. Microwave-assisted extraction (MAE) of waste yarrow 

Liquid yarrow extracts were prepared by microwave-assisted extraction (MAE) at conditions previously optimized to 

maximize the yield of total polyphenols and biological activity in a scaled-up process [11]. In short, the waste yarrow 

was mixed with 70 % ethanol at a liquid/solid ratio of 40 cm3 g-1 in total volume of 420 cm3. Extraction was performed 

in a microwave oven (Samsung Electronics Euro QA Lab, United Kingdom) for 30 s at the microwave power of 600 W. 

The obtained liquid extract was separated from solids by filtration by using a vacuum pump (V-700, Buchilabortechnik 

AG, Fanil, Switzerland) and concentrated in a rotary evaporator (Buchilabortechnik AG, Fanil, Switzerland) at a vacuum 

pressure of 150 mbar and temperature of 60 °C. After the evaporation process, dry matter content in the extracts was 

determined by using a moisture analyser (Kern MLS-A, Balingen, Germany). 
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2. 3. Experimental design of spray drying 

In order to determine the optimal conditions for spray drying resulting in the maximum yield, total polyphenol content 

and antioxidant activity, RSM and central composite design (CCD) were used. RSM is the most commonly used 

mathematical and statistical method for modeling and analyzing a process (when the response of interest is affected by 

various variables and the objective of the method is to optimize the response) [26]. According to the experimental design, 

the effect of process factors was analyzed within following range: inlet air temperatures (95-195 °C), liquid flow rates 

(3 – 21 cm3 min-1) and dry matter content in the liquid extracts (0.3 - 1.5 %). A statistical package, Design-Expert (Version 

8, Stat-Ease, Inc., Minneapolis, United States) was used for experimental design and the experimental data analysis. Yarrow 

liquid extracts (200 cm3) were fed into a drying chamber by a peristaltic pump connected to a two-fluid atomizer linked to 

an air compressor (Büchi Mini Spray Dryer B-290, Switzerland). The compressor forces air into the outer tube of the nozzle 

which causes the liquid to emerge as a fine, atomized spray. The feed system of drying gas constituted of a blower and an 

air filter. Dried product was collected in a cyclone. After performing 23 predicted experiments of spray drying, 8 series of 

experiments yielded products of poor quality (insufficiently dried material was obtained). These experimental points were 

eliminated from the calculations in the model, and the historical data design with 15 experimental runs was selected for 

modeling and analysis of the relationships between the inlet parameters and the responses. As a result, the process 

variables were reduced to the following ranges: temperature, 120-195 °C (A); liquid flow rate, 3-16.5 cm3 min-1 (B) and dry 

matter content, 0.3-1.5 % (C). The influence of these variables on three system responses (yield (Y1), total polyphenol 

content (Y2) and antioxidant activity of the dried extract powders (Y3)) was evaluated (Table 1). The experimental data were 

fitted to a cubic polynomial model, and by applying the analysis of variance (ANOVA) adequacy and statistical significance 

of the proposed mathematical models were assessed. 
 

Table 1. Design matrix and corresponding responses (A is the temperature, B is the liquid flow rate, C is the dry matter content, Y1 is 
the yield, Y2 is the total polyphenol content, Y3 is the antioxidant activity of the dried extract powders) 

Run 
Independent variable Responses 

A / °C B / cm3 min-1 C / % Y1 / % Y2 / mgGAE g-1 Y3 / % 

1 120 7.5 0.6 62 145 41.5 

2 120 7.5 1.2 65 137 53 

3 145 3 0.9 41 148 47 

4 145 3 0.9 27 141 54 

5 145 12 0.3 20 140 61 

6 145 12 0.3 25 137 59 

7 145 12 0.9 38 155 57 

8 145 12 0.9 40 157 58 

9 145 12 0.9 37 149 59 

10 145 12 1.5 8 131 47 

11 145 12 1.5 11 137 49 

12 170 7.5 0.6 39 145 64 

13 170 7.5 1.2 75 135 41 

14 170 16.5 0.6 45 141 42 

15 195 12 0.9 65 154 62 
 

By using backward elimination, terms in the models that had a non-significant effect on a response (p > 0.1) were 

removed from the equations and the experimental data were refitted. The models were validated by performing additional 

experiment using the optimal conditions predicted by the RSM. The fitted polynomial equations were presented as surface 

plots in order to visualize the relationship between the independent variables and the response variables. 

2. 4. Yield 

The drying yield was calculated as the ratio of the powder dry weight and the dry weight of the liquid extract and 

expressed as %. 
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2. 5. Determination of the total polyphenol content 

The total polyphenol content was quantified colorimetrically by using a modified Folin-Ciocalteu method and gallic 

acid (GAE) as a reference standard [27]. For determination of phenolic content, 0.1 cm3 of the liquid yarrow extract or 

dissolved dry extract at the final concentration of 10 mg cm-3 was combined with 0.5 cm3 of the Folin-Ciocalteu reagent 

and 6 cm3 of distilled water. The mixture was shaken for 60 s and subsequently, 2 cm3 of 15 % Na2CO3 was added, and 

the mixture was additionally shaken for 30 s. Finally, distilled water was added to reach the final volume of 10 cm3. After 

2 h of incubation in the dark at room temperature, the absorbance was read at 750 nm by using a UV/visible 

spectrophotometer (Ultrospec 3300 pro, Amersham Bioscience, Sweden). The blank was prepared by using 70 % ethanol 

instead of a sample. Results were reported as mass of GAE per mass of the total dry matter. Three series of experiments 

were performed, and the results are presented as mean values. 

2. 6. Determination of antioxidant activity 

Antioxidant activity of the liquid and dried extracts was measured by using the DPPH radical-scavenging assay [28]. 

DPPH solution (0.2 mM) was prepared by dissolving the adequate amount of DPPH in methanol. To measure the DPPH 

neutralization capacity the total of 0.05 cm3 of the liquid yarrow extract or dissolved dry extract in 70 % ethanol, at the 

final concentration of 1 mg cm-3, was mixed with 3.95 cm-3 of methanol and 1 cm-3 of 0.2 mM DPPH methanol solution. 

The obtained solutions were vigorously shaken and kept in the dark at room temperature for 30 min. The absorbance 

was read against a blank (methanol) at 517 nm. A control sample was prepared by using 70 % ethanol solution instead 

of an extract. Results were expressed as inhibition percentages of free DPPH radicals relative to the control sample and 

calculated according to the equation: 

c s

c

Inhibition = 100
A A

A

−
 (1) 

where Ac is the absorbance of the control and As is the absorbance of the sample. Three series of experiments were 

performed, and the results are presented as mean values. 

2. 7. Determination of the minimum inhibitory concentration  

The microdilution method was used to determine the minimum inhibitory concentration (MIC) of A. millefolium L. 

dry extract obtained under optimal drying conditions with resazurin as an indicator of cell growth. The dry yarrow 

extract was dissolved at the final concentration of 40 mg cm-3 in 20 % ethanol. Resazurin solution (6.75 g dm-3) was 

prepared by dissolving the appropriate amount in distilled water, vortexed and filter sterilized (0.45 μm filter). The 

Gram-positive bacterium Staphylococcus aureus ATCC 25923 and Gram-negative bacterium Pseudomonas aeruginosa 

PAO1 were grown in Trypton soy broth (TSB, Torlak, Serbia). TSB was prepared by dissolving 30 g of the commercially 

available TSB powder and 6 g of yeast extract in 1 dm3 of distilled water. The medium was boiled for 15 min and then 

sterilized in an autoclave for 30 min at 120 °C.  

The nutrient medium (TSB 0.1 cm3) was poured into all wells of a 96 well microtiter plate, followed by addition of 

0.1 cm3 of yarrow extracts in the first column (therefore the concentration of the extract in the first column was 20 mg 

of total dry matter per cm3). A series of double dilutions was achieved by transferring 0.1 cm3 of the mixture of medium 

and yarrow extracts to the next column so that the final volume in each well was 0.1 cm3. Eight series of dilutions were 

made so that the yarrow concentration varied in the range from 0.16 to 20 mg of the total dry matter per cm3. Next, 

0.01 cm3 of the resazurin solution and 0.01 cm3 of bacterial suspension were added to each well so that the final 

concentration was 5 × 106 CFU cm-3. Controls were prepared in parallel with the samples. The positive control contained 

0.1 cm3 of TSB medium, 0.01 cm3 of resazurin and 0.01 cm3 of bacterial suspension, and the negative control contained 

0.05 cm3 of TSB medium, 0.05 cm3 of yarrow extract and 0.01 cm3 of resazurin. Microtiter plates were incubated for 24 h 

at 37 °C. After the incubation, the minimum inhibitory concentration was determined visually based on the colour. Any 

change in colour from purple to pink or colourless was considered as positive (indicative of microbial growth). The lowest 

concentration at which colour change not was observed was adopted as the MIC value [29]. The tests for both strains 

were performed twice, and the results are presented as mean values. 
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3. RESULTS AND DISCUSSION 

3. 1. Model determination 

Multiple regression analysis was applied to the experimental data resulting in correlations between the spray drying 

parameters (temperature, liquid flow rate and dry matter content) and the yield, polyphenol content and antioxidant 

activity of the powders. By application of the analysis of variance (ANOVA) the adequacy and statistical significance of 

all models was assessed. Two measured responses, i.e. the yield and the antioxidant activity of the dry powders fitted 

the third order polynomial equation. The total polyphenol content in dry powders was not significantly influenced by 

the drying conditions, and only a mean value for this response was obtained. 

Values of the coefficient of determination for the yield and antioxidant activity between the response function and 

the experimentally obtained results were high amounting to 0.98 and 0.90, respectively. “Adequate Precision” measures 

the signal to noise ratio, and a ratio greater than 4 is desirable. The ratio of 16.4 and 12.2 for the yield and antioxidant 

activity, respectively, indicated an adequate signal. The lack of fit of both models was not significant, and after removing 

the effect of non-significant factors by using backward reduction, the relationship between the two responses and 

tested variables could be explained by the following equations: 

Y1 = 22.75 – 24.50A – 38.42B – 28.83C – 128.25AB – 67.00AC –113.17BC + 66.75A2–22.33C2–183.50ABC (2) 

Y3 = 56.54 + 4.38A + 6.37B + 18.72AC + 30.20BC + 90.64ABC  (3) 

where Y1 (the yield) and Y3 (the antioxidant activity) are the responses, and the independent variables are A (tempe-

rature), B (liquid flow rate) and C (dry matter content). 

3. 2. Influence of drying parameters on the dried extract yield 

High yield is one of the objectives of spray drying processes. Under the tested drying conditions, the yield varied 

from 8 to 75 % (Table 1). The highest product yield was 75 % at an inlet air temperature of 170 °C, liquid flow rate of 

7.5 cm3 min-1 and dry matter content of 1.2 % (run 13). According to the analysis of the experimental data three linear 

terms (A, B and C), three interaction parameters (AB, AC and BC), two quadratic terms (A2 and C2) and one cubic 

interaction parameter (ABC) had significant effects on the dried extract yield. Positive sign of the quadratic term of 

temperature (Eq (2) A2) indicated presence of a function minimum, while the negative sign of the quadratic term in 

relation to dry matter content (C2) indicated existence of a function maximum. Interactions between the temperature 

and the liquid flow rate, between the temperature and the dry matter content, and between the liquid flow rate and 

the dry matter content had an antagonistic effect on the dried extract yield. In order to visualize influence of the 

interacting variables (AB, AC and BC) on the dried extract yield, response surface plots were created (Fig. 1). 

The dried extract yield increased when the dry matter content was in the range 0.9-1.2 % and achieved the highest 

value at 1.2 % of dry matter content (Table 1, run 13). It is well documented in the literature that when feed 

concentration increases, the amount of moisture is decreasing together with the energy needed to evaporate water 

[30]. With the higher feed concentration, more complete drying prevents sticking of the product resulting in better 

separation [31,32]. Furthermore, more concentrated solutions provide larger particles with better cyclone separation 

[33,34]. However, further increase in the feed concentration (in this study up to 1.5 % of the dry matter content) can 

produce even larger particles, which are drying more slowly than the smaller ones, obtained at lower solid contents in 

the final product. This phenomenon increases deposition in the drying chamber and hence reduces the yield [35]. 

The maximum dried extract yield was obtained at the liquid flow rate of 7.5 cm3 min-1 (Table 1, run 13). Existence of 

the function maximum could be explained by the liquid residence time. In specific, as the liquid flow rate is decreased, 

the liquid residence time is increasing providing droplets the chance for drying. Correspondingly, as the flow rate is 

increased, the residence time is decreased resulting in incomplete drying and poorer yield. The same trend as observed 

in our study was reported by others [36,37]. Both research groups favored lower flow rates that allowed more complete 

water evaporation and decreased the probability of dispersion and condensation on the chamber walls, which 

consequently resulted in better process yields. Moreover, in another study it was concluded that the pump rotation 

speed could induce a negative effect on the yield since higher flow rates can cause clogging of the atomization nozzle, 
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resulting in lower drying mass yields [38]. Negative influence of higher flow rates on the yield, could be also explained 

by reduction of the outlet air temperature, and consequent lower thermal energy supply that was probably insufficient 

for complete drying. In this case, sticking occurred in the drying chamber, lowering the yield and increasing the moisture 

content, in line with previous reports [39]. 

Temperature had a different influence on the drying yield within the tested temperature range (up to 170 °C). Figure 

1 shows that high yields are obtained in the drying process under two scenarios: 1) at low temperature, lower liquid 

flow rate and high dry matter content, or 2) at high temperature, low liquid flow rate and high dry matter content. In 

general, at a temperature of 170 °C the yield reached the maximum, while a slightly lower yield was observed at a 

temperature of 120 °C with the same dry matter content in the liquid extract. In our study, at lower temperatures and 

very high liquid flow rates, the particles were sticking together, which is in line with the observation of others [39,40]. 

When higher inlet air temperatures are used, heat and mass transfers are enhanced so that the probability of moist 

particles to stick to the drying chamber wall is decreasing [41-45].  
 

 
Figure 1. Surface plots of interactive effects on the dried extract yield of drying parameters: a) temperature and liquid flow rate (AB), 
b) temperature and the dry matter content (AC) and c) liquid flow rate and the dry matter content (BC)  

3. 3. Influence of drying parameters on the total polyphenol content 

Total polyphenol contents in the dried extracts obtained under the tested spray drying conditions were in the range 

of 131-157 mg GAE g-1 dry matter, which was comparable to the total polyphenol content in the starting liquid extract 

(feed) amounting to 152 mg GAE g-1 dry matter. Although it is typical to observe a slight decrease in the polyphenol 

content in the powder extracts as a result of the exposure to high temperatures [46,47], selection of relatively mild 

drying conditions in this study apparently prevented significant polyphenol degradation. 

3. 4. Influence of drying parameters on antioxidant activity 

Antioxidant activity of dry extracts was significantly influenced by two linear (A, B), two interaction parameters (AC, 

BC), and one cubic interaction parameter (ABC). The Eq. (3) shows that both linear parameters (temperature and liquid 

flow rate) had positive effects on antioxidant capacity, indicating that the higher antioxidant activity of the dried extract 

was achieved with the increase in these factors. Interactions between the temperature and the dry matter content, 

between the liquid flow rate and the dry matter content, and between all tested parameters (ABC) had synergetic and 

positive effects on the antioxidant activity. In order to visualize the influence of the interacting variables on the 

antioxidant activity, response surface plot was created (Fig. 2). 

Although there was significant influence of the drying parameters on the antioxidant activity of the dried extracts, it 

should be stressed that compared to the antioxidant activity of the liquid extract (64 % DPPH scavenging activity), only 

a slight change in the antioxidant activity after the drying process was observed.  

Antioxidant activities of the obtained powders correlate with the total polyphenol content. Souza et al. reported 

that high temperatures generate higher water evaporation; therefore, drying is more rapid, and the loss of labile 

compounds is lower [48]. There are also examples of increased total polyphenol content after heat treatment of various 

food products: green pepper, green beans, spinach [49], or onion powder [50]. This increase is attributed to the libera-

tion of phenolic compounds by the cleavage of esterified and glycosylated bonds [50]. While in this study negligible 
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effects of the drying conditions on the total polyphenol content were observed, the observed relative decrease in the 

DPPH scavenging activity could be attributed to some subtle changes in the chemical nature of the polyphenols. Similar 

results of slight decrease of antioxidant activity upon drying were noted by others [51,52]. 
 

 

Figure 2. Surface plot of interactive effects of temperature and 
the dry matter content (AC) on the total antioxidant activity 

3. 5. Validation of the models 

The objective of this study was to optimize spray drying conditions for obtaining the maximal yield of yarrow powder 

extracts with the maximal antioxidant activity. The optimal conditions were determined by using the desirability 

function approach yielding: 130 °C; 7.5 cm3 min-1 the liquid flow rate and 1.2 % of dry matter content in the feed. Pre-

dicted values for the two outcomes were the following: the antioxidant activity of 57 %, and maximal yield of 61 %. 

Measured values for dry extracts obtained under the optimal conditions fitted within the 95 % Pis for all parameters 

and were close to the most probable predicated values: the antioxidant activity (58 %) and dried extract yield (66 %). 

The DPPH radical scavenging activity of the dry extract obtained under the optimal conditions was 58 %, which marked 

a slight decrease in the radical scavenging activity as compared to that of the liquid extract that valued 64 %. Compared 

to the polyphenol content in the liquid extract (152 mg GAE g-1), there was a slight decrease in the polyphenols content 

after drying of extract (145 mg GAE g-1). This result indicated a more significant reduction in antioxidant capacity then 

that in the total polyphenol content. About 91 % of antioxidant capacity was retained after the drying process, while 

95 % of total polyphenols were preserved in the dried extract.  

3. 6. Antimicrobial activity of liquid and dried extracts 

Antimicrobial activity of medicinal plants results from the combined effect of compounds, mostly polyphenols. In this 

study we evaluated the antimicrobial activity of the dry powder obtained under optimal conditions against two pathogens. 

The results showed that the antimicrobial activity of yarrow extract against S. aureus and P. aeruginosa was preserved 

after the drying process. Sensitivity of P. aeruginosa was similar to the liquid and dry extracts (MIC value of 20 mg cm-3), 

while, in line with the slight decrease in the antioxidant activity, the dry powder was slightly less potent when suppressing 

the growth of S. aureus (MIC value of the liquid extract was 5 mg cm-3, and 10 mg cm-3 for the dry extract). 

It is well established that yarrow extracts exhibit antibacterial activity against Gram-positive bacterial species, while the 

results against Gram-negative species are less evident, which is in line with our findings [53]. The resilience of Gram-

negative bacteria can be ascribed to the structure of their cell wall, which contains lipopolysaccharide, which is relatively 

impermeable to polyphenols [54,55]. The observation that Gram-negative bacteria are less sensitive to the A. millefolium 

antibacterial activity than Gram-positive was also shown by the research of Tajiket al. [56]. A. millefolium L. in addition to 

flavonoids that are typical for the genus Achillea, contains sesquiterpene lactones as active compounds [57]. It is believed 



Hem. Ind. 75 (6) 353-363 (2021) A. RADISAVLJEVIĆ et al.: PRODUCTION OF ACHILLEA MILLEFOLIUM EXTRACT POWDER 

360  

that the α-methylene lactone moiety of the molecule is responsible for the activity, because the activity disappears when 

the double bond is reduced, as shown in the case of α-methyl lactones from Achillea atrata [58]. 

4. CONCLUSION 

The results reported in this study indicate the significant impact of spray drying conditions on properties of the 

obtained Achillea millefolium L. dry extract. RSM was successfully applied to model the effects of temperature, liquid 

flow rate and the dry matter content in the feed on the yield and antioxidant activity of the dry yarrow extract. The 

obtained mathematical models were applied to optimize drying conditions, which yielded production of a dry extract in 

which 91 % of the antioxidant potential was preserved. In addition to these properties, powder obtained under the 

optimal drying conditions, showed a preserved antimicrobial activity against S. aureus and P. aeruginosa. Therefore, it 

can be concluded that drying conditions predominantly influence the yield of the product with a moderate effect on the 

biological activity of the dry extract, under tested conditions. The obtained spray dried yarrow powder was green/brown 

in color with evident bioactive properties suitable for various medical or pharmaceutical applications. This research is 

useful as it identifies the most appropriate operating conditions for spray drying of liquid yarrow extracts, and it can be 

used as a reference for further research. 
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SAŽETAK 

Optimizacija uslova sušenja raspršivanjem za proizvodnju praha ekstrakta Achillea millefolium 

Anđela Radisavljević1, Milica Milutinović2, Suzana Dimitrijević Branković2, Petar Uskoković2 i Mirjana Rajilić-Stojanović2 

1Inovacioni centar Tehnološko-metalurškog fakulteta, Beograd, Karnegijeva 4, 11120 Beograd, Srbija 
2Univerzitet u Beogradu, Tehnološko-metalurški fakultet, Karnegijeva 4, 11120 Beograd, Srbija 

(Naučni rad) 
U radu je optimizovan postupak sušenja raspršivanjem tečnog ekstrakta hajdučke trave (Achillea mille-

folium L.) primenom metode odzivnih površina. Ispitan je uticaj temperature (120-195 °C), protoka tečnosti 

(3-16,5 cm3 min-1) i sadržaja suve materije u tečnom ekstraktu (0,3-1,5 %) na prinos sušenja, sadržaj 

polifenola i antioksidativnu aktivnost suvog ekstrakta. Pod ispitivanim uslovima prinos je drastično varirao 

(od 8 do 75%), dok je uticaj sušenja na sadržaj polifenola i antioksidativnu aktivnost dobijenog praha bio 

manji. Optimizovani uslovi za maksimalnu antioksidativnu aktivnost i maksimalan prinos suvog ekstrakta 

bili su sledeći:130 °C pri protoku od 7,5 cm3 min-1 tečnog ekstrakta sa 1,2 % suve materije. Pri optimalnim 

uslovima prinos sušenja je iznosio 66 %, dok je zabeležen blagi pad sadržaja polifenola u suvom ekstraktu u 

poređenju sa tečnim ekstraktom (145 mg ekvivalenta galne kiseline [GAE] po g suve materije naspram 152 

mg GAE g-1, redom). Antioksidativna aktivnost suvog praha neznatno je smanjena u poređenju sa tečnim 

ekstraktom (neutralizacija DPPH (di(fenil)-(2,4,6-trinitrofenil)iminoazanijum) je bila 58 % naspram 64 %). U 

osušenom prahu hajdučke trave očuvana je antimikrobna aktivnost prema patogenim bakterijama 

Staphylococcus aureus (vrednost minimalne inhibitorne koncentracije (MIK) je bila 10 mg cm-3) i Pseudo-

monas aeruginosa (MIK vrednost je bila 20 mg cm-3). 

Ključne reči: hajdučka trava; 

polifenoli; antioksidativna aktiv-

nost;antimikrobna aktivnost 
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