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INTRODUCTION & AIM 

MATERIAL & METHOD

Cold-pressed linseed oil is a valuable dietary product, rich in polyunsaturated fatty
acids, lignans, and other bioactive compounds that contribute to its nutritional and
functional properties. However, the high content of unsaturated fatty acids makes the
oil highly susceptible to oxidation, which reduces its quality, sensory attributes, and
shelf life. To overcome this limitation, growing attention is being directed toward the
use of natural antioxidants derived from plants as safe and effective stabilizing agents.

The aim of this study was to investigate the potential of Verbascum (mullein) extract
to enhance the oxidative stability of cold-pressed linseed oil. The extract was obtained
using ultrasound-assisted extraction, and the process conditions were optimized to
maximize the yield of antioxidant constituents. This approach combines innovative
extraction techniques with the search for natural additives, offering a promising
strategy to improve both the quality and durability of linseed oil.

❖ Linseed oils (LO) form three batches,
❖ Mullein flowers (Verbascum nigrum L.) collected near the Kozienicka Forest (Mazovian

Voivodeship, Poland) in August 2022.
❖ Extract was preprared using optimization by using Design of Experiment (DOE), a 

central design, and Response Surface Methodology (RSM). Parameters: ultrasound 
power (P; 50, 75, 100 %), ultrasound duration (T; 10, 20, 30 min), solvent concentration 
(S; 30, 50, 70 %), and the ratio of plant material to solvent volume (SS; 20:1, 30:1, 40:1). 

Oils were analysed to their:
• Degree of oil hydrolysis -AV (PN-EN ISO 660:2010),
• Primary oxidation state - PV(PN-EN ISO 3960:2017-03),
• Secondary oxidation state – p-AnV(AOCS Official Method Cd 18-90),
• Total oxidation state (Totox),
• Oxidative stability in Rancimat - IT (3g, 20L/h, 90°C),
• Total phenol content - TPC (Dewanto et al. 2002),
• Total flavonoid content – TFC (Tohidi et al. 2017),
• Antioxidant activity with DPPH* - AA, AA HF, AA LF (Pająk et al..2014),
• Fatty acid composition (AOAC 996.01).

RESULTS

CONCLUSION
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LO1 0.33a 2.94bc 0.46a 5.91bc 9.10a 0.12a 7.91a 103.19a 49.88a 2.03a

LO2 0.66b 3.66c 0.61a 7.42c 10.53a 0.30a 15.40bc 120.34a 58.05a 2.75a

LO3 1.70d 1.94ab 0.60a 3.98ab 12.45a 0.92b 12.31b 122.05a 53.00a 3.71a

LOE1 0.56b 2.03ab 1.51b 4.86ab 29.86b 2.98d 13.60b 311.49b 47.82a 18.82b

LOE2 1.00c 2.16ab 1.74b 5.47abc 27.77b 1.22b 21.07d 430.41c 46.04a 18.73b

LOE3 1.94e 1.42a 1.59b 3.57a 42.13c 2.66c 17.22c 353.23b 51.64a 18.80b

Fatty acid LO1 LO2 LO3 LOE1 LOE2 LOE3

C16:0 1.76 1.82 1.98 1.72 1.71 1.82

C18:0 4.63 3.72 4.89 4.71 4.25 4.67

C18:1 18.96 19.01 19.22 18.48 17.73 19.09

C18:2 15.44 16.19 14.75 15.23 15.46 14.69

α-C18:3 57.76 58.38 58.66 59.18 59.76 59.25

C22:1 0.98 0.51 0.31 0.40 0.58 0.29

C24:0 0.50 0.38 0.21 0.29 0.54 0.22

SFA 6.39 a 5.54 a 6.87 a 6.43 a 5.95 a 6.48 a

MUFA 18.96 a 19.01 a 19.22 a 18.48 a 17.73 a 19.09 a

PUFA 73.20 a 74.57 a 73.41 a 74.41 a 75.22 a 73.94 a

Other 1.47 0.89 0.52 0.69 1.11 0.51

Quality factor IT

AV 0.02

PV -0.44

p-AnV 0.95*

TOTOX -0.18

TPC 0.97*

TFC 0.74

AA HF 0.93*

AA LF -0.70

AA 0.76

SFA -0.12

PUFA 0.75

MUFA -0.73

CHL 0.63

CAR 0.79

The extraction efficiency of mullein (Verbascum sp.) flowers was primarily influenced by ultrasound power and solvent concentration, 
whereas excessive plant material and prolonged extraction times negatively affected antioxidant activity due to degradation of bioactive 
compounds. Under optimized conditions, the extract exhibited a high phenolic content (7036.65 mg GAE/100 g d.w.), contributing 
significantly to its antioxidant capacity. Incorporation of the extract into flaxseed oil markedly enhanced oxidative stability, with the most
pronounced effect observed at a 5% addition level, yielding a protection factor of 1.26. The phenolic compounds introduced into the oil demonstrated a strong positive correlation 
with induction time (r = 0.97). Similarly, the increased antioxidant activity of the oil’s hydrophilic fraction was strongly associated with improved oxidative stability (r = 0.93). Overall, 
mullein flower extract represents a promising natural antioxidant for improving the stability of flaxseed oil. Further research should focus on process optimization using higher 
ultrasound intensities, enhancing phenolic compound recovery, and exploring other plant organs such as leaves or roots, which may possess greater concentrations of bioactive 
constituents.

Fig 3. PCA analysis of the relationships between fatty acid composition,
antioxidant content, and quality parameters of the oil.

Fig 1. Effect of extraction parameters of mullein flower extract on its antioxidant activity (AA)

Table 1. Optimised parameters of mullein flowers extract obtaining and extract quality features

Table 2. Oils’ qulaity features befor and after the addition of mullein extract in a concentration of 5%

Table 3. Oils’ fatty acid composition [%] before and after the addition of mullein extract in a concentration
of 5%

Tabel 4. Correlation between oils’
quality features and induction time

Fig. 2. Linseed oil (LO1) induction time and potential factor (PF) after addition of mullein extract


