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The willow tree (genus Salix, family Salicaceae) is one of the fast-growing deciduous 
trees or shrubs. This tree is found all over the world and grows mostly in temperate 
regions. Willow bark contains many metabolites like phenolic glycosides, flavonoids, 
tannins, and phenolic acids. Beside that lipases can hydrolyze triglycerides and play a 
critical role in numerous industrial food processes and the activation or inhibition of 
this enzyme has many benefits in many of these industries. The effect of willow bark 
extracts of aqueous, ethanol, ethyl acetate, hexane on lipase activity was studied. The 
highest percentage of inhibition was observed with ethyl acetate and aqueous extracts, 
which found to be 85 and 61.43 % respectively. The lipase Inhibition by the presence 
of these extracts was investigated by drawing Lenweaver-Burk plot using different 
concentrations of para-nitro phenyl acetate as substrate. The results indicated that was 
noncompetitive inhibition mode using 2.5 mg/ ml of aqueous extract. The maximum 
velocity (Vmax) of lipase was reduced from 2.63 to 0.9  units /ml/ min. While, the 
results showed that was uncompetitive inhibition mode using 3 mg/ ml ethyl acetate 
extract. Vmax of lipase was which reduced from 2.63 to 1.03 units /ml/ min. On the 
other side, The effect of willow bark extracts by Soxhlet apparatus using the solvents 
petroleum ether, ethyl acetate, methanol on lipase activity was carried out. it was 
found the highest activation percentage was methanol extract, which founded to be 
53.1%. However, the ethyl acetate and petroleum ether extracts had an activation 
percentage 51.6 and 23.3% respectively comparing with control. 
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1. Introduction 
Willows (Salix L.) comprise approximately 450 species of deciduous trees and shrubs found primarily in moist Northern 
Hemisphere soils (Christenhusz et al., 2017). The major components of willow biomass are cellulose, hemicellulose, and 
lignin, with flavonoids and other polyphenols serving as minor constituents (Yan et al., 2021). Previous research has found that 
the bark of Salix L. species (Salicaceae family) is high in extractives such as bioactive phenolic compounds Tienaho1 Eet al., 
2021), including flavan-3-ols, flavonols, flavanones, and chalcones (Tawfeek et al., 2021). Polyphenols from Salix tetrasperma 
Roxb. stem bark extract were also found to be effective in inhibiting Pseudomonas aeruginosa quorum sensing and virulence 
(Mostafa et al., 2020). The willow bark is used in phytopharmaceutical products to treat pain, headaches, fever, and 
inflammation (Tasneem et al., 2019; Ema, 2017). Salix cortex extracts have a high concentration of phenolic glycosides 
(Ostolski et al., 2021). In addition, willow bark extracts have been revealed to have strong antioxidant and radical scavenging 
properties (Bounaama et al., 2016; Ramos et al., 2019).  Lipases (triacylglycerol hydrolases EC 3.1. 1.3) can hydrolyze 
triglycerides to obtain free fatty acids, monoacylglycerols, diacylglycerols, and glycerol (Casas et al., 2012; Sandoval, 2018). 
These enzymes play a critical role in numerous industrial food processes (Khan, et al., 2019 ; Szymczak et al 2021). The main 
source of lipases production can be some animals and plants as well as several microorganisms like fungi, bacteria (Lee and 
Park, 2019 ; Rivera et al., 2018).  Because of the ability of lipase to catalyse various chemical reactions (Chowdary et al., 
2000), they can be used in industries of food, chemical, pharmaceuticals, detergents etc. (Ananthi et al., 2014; Thakur et al., 
2014]. Lipases in the food manufacturing and nutraceutical production be able to be used in aqueous extracts. Thay can be used 
to modify oils and and fats synthesize structured lipids or antioxidants with improved antioxidant power or modified 
lipophilicity, flavors, and aromas (Coelho et al., 2021; Li et al., 2020). Lipases contribute to the postmortem food spoilage of 
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seafood during handling, chilled frozen storage, and are broadly used for biotechnological applications in the dairy industry 
and oil processing (L´opez-Amaya et al., 2001). 
The inhibition of this enzyme may be benefit in some of these industries, while its activation has benefits in other. The aim of 
the research was to study the effect of some extracts of willow bark on lipase in terms of its inhibition or activation because 
this bark contains important natural compounds and many secondary metabolites. 

 
2. Methodology 
 
Plant collection: In this study, the bark of Willow tree was obtained from  Al-Qasr  village, Nineveh Governorate. The bark 
was dried by spreading it in a shade. After that, the bark was peeled and ground with a blender to be used in extraction 
processes. 
Hexane extraction: Exactly 200 ml of hexane was added to 20 g of willow bark powder in a beaker, stirred for 3 hrs. by 
magnetic stirrer and left for 24 hrs. Filtration was performed, and the filtrate was taken to rotary evaporator vacuum to dry it 
which was dissolved in 5 ml of DMSO. 
Ethyl acetate extraction:  A resulting precipitate was taken from hexane extract and placed in a beaker, then 200 ml of ethyl 
acetate were added. Stirring was carried out for 3 hrs.  left for 24 hrs. Filteration was done and the filtrate was taken to rotary 
evaporator to dry it which was dissolved in 5 ml of DMSO. 
Ethanol extraction: A resulting precipitate was taken from ethyl acetate extract and placed in a beaker, then 200 ml of ethanol 
were added. Stirring was carried out for 3 hrs.  left for 24 hrs. Filteration was done and the filtrate was taken to rotary 
evaporator to dry it which was dissolved in 20 ml of DMSO. 
Aqueous extraction: A resulting precipitate was taken from ethanol extract and placed in a beaker, then 200 ml of water were 
added. Stirring was carried out for 3 hrs.  left for 24 hrs. Filteration was done and the filtrate was taken to rotary evaporator to 
dry it which was dissolved in 20 ml of DMSO.  
Soxhlet extraction (SE) : For extraction, the willow bark powder   5g/200 ml was subjected to soxhlet extraction and 
thoroughly extracted with petroleum ether 60-800C for 48 hours at for deffating. The extract was evaporated using rotary 
evaporator. The batch was macerated in 200 ml of ethyl acetate for 24 hrs, extracted by soxhlet for 6 hrs and evaporated. After 
that the batch was macerated again in  200 ml of methanol for 24 hrs, and extracted by soxhlet for 6 hrs and evaporated 
(Sharma and Janmed, 2014). 
 
Lipase Assay: Lipase activity was assayed using the method of (Winkler and Stuckman, 1979). The method involves the 
hydrolysis of the substrate paranitrophenyl acetate (1.5 mM) catalyzed by lipase to paranitrophenol, whose absorbance is 
monitored at 410 nm. 
Effect of extracts on lipase activity : The pure Aspergillus niger lipase activity was studied by incubating 50 microliters of each 
petroleum ether, ethyl acetate, methanol and 70% ethanol extracts with 0.1 microliters of enzyme for 5 minutes at 25 °C. The 
activity was measured at 410 nm using p-nitrophenyl acetate as substrate.  
 
3. Results and Discussion 
The effect of willow bark extracts on the lipase activity 
The effect of willow bark extracts of aqueous, ethanol, ethyl acetate, hexane on the activity of the lipase was studied. Table (1) 
indicates that extracts revealed inhibitory effect on lipase activity compared to the control. The highest percentage of inhibition 

among other extracts was ethyl acetate  and aqueous extracts, which amounted to be 85 and 61.43 % respectively while the 
lowest percentage of inhibition with hexane and ethanol extrac, which were excluded from the study because of its weak 
influence. 

 
Table  1  Effect of willow bark extracts on lipase enzyme activity 

Inhibitory effect % Activity at 410nm Extract 
0 1.4 Control 

0.714 1.39 Hexane 
3.57 1.35 EtOH 

61.43 0.54 H2O 
85 0.21 Ethyl acetate  

 

Assayed of enzyme inhibition at different concentrations of extracts  
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By using different concentrations of extract, table (2) shows the effect of the aqueous extract of willow bark on the lipase 
enzyme activity. It was found that the highest inhibition percentage at a concentration 2.5 mg / ml at 54.35%, while the lowest 

inhibition percentage was 1.47 % at a concentration of 4 mg / ml.  

By studying the effect of different concentration of ethyl acetate extract on the lipase activity, it was found that the highest 
percentage of inhibition was at a concentration 9.09 mg / ml, and that was 80.797 %  

   
              Table  2  Effect of aqueous extract of willow bark on lipase  activity 

Inhibitory effect  
% 

Activity at 410nm Extract conc. 
 (mg/ ml) 

0 0.677 Control 

54.35 0.309 2.5 

17.13 0.793 3 

11.37 0.600 3.5 

1.47 0.667 4 

37.77 0.422 4.5 

 
 
                   Table  3  Effect of aqueous extract of willow bark on lipase activity 

Inhibitory effect  
% 

Activity at 410nm Extract conc. 
 (mg/ml) 

0 0.677 Control 
51.255 0.33 3.03 
80.797 0.130 9.09 
60.561 0.267 15.15 
29.098 0.480 21.21 
37.37 0.424 30.3 

 

The presence of phytoconstituents may have contributed to the inhibitory activity of the extract in this study. Lipase activity 

was found to be affected when incubated with Ethyl Acetate extract of Terminalia bellerica Roxb seeds. The inhibitory effect 
was discovered to be dose dependent, i.e., higher inhibition of enzyme was observed as extract concentration increased (Kumar 

et al., 2010). A nother studies have been carried out by 95% ethanol extract of Taraxacum officinale  which inhibited lipase 
activity by 86.3% at a concentration of 250μg/ml (Zhang et al., 2008). At a concentration of 1 mg/ml, a seed extract of Vitis 

vinifera inhibited pancreatic lipase by 80% (Moreno  et al.,  2003 ). An extract of Nomame herba was found to have dose-
dependent inhibitory activity against pancreatic lipase (Yamamoto et al., 2000).  In a previous study, it was found that extracts 
of Quercus infectoria, Eucalyptus galbie, Rosa damascene, and Levisticum officinale, which are rich in alkaloids, had an 

inhibitory effect on lipase activity by 85, 64, 57, and 55%, respectively (Gholamhoseinian et al., 2010). 

Inhibition mode: The inhibition of lipase activity was examined in the presence of extracts as inhibitors by drawing 
Lenweaver-Burk plot using different concentrations of para-nitro phenyl acetate as substrate ranging 1-5 mM. The results 

indicate that the mode of inhibition was noncompetitive by using  2.5 mg/ ml of aqueous extract (Figure 1). The value of Vmax 
was calculated which reduced from 2.63 to 0.9 units /ml/ min), while the value of Km was stable at 5 mM. 
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On the other hand, The results indicate that the mode of inhibition was uoncompetitive by using  3 mg/ ml of ethyl acetate 
extract (Figure 2).  The  Vmax  value was calculated which  reduced from 2.63 to 1.03 units /ml/ min), while the value of Km 

decreased from 5 mM to 2 mM. 

 

 

It was revealed in previous studies that Levisticum officinale extract showed mixed inhibition of the lipase enzyme, while the 

inhibition was non-competitive when using Quercus infectoria, Eucalyptus galbie and Rosa damascene extracts. The values of 
Vmax in the presence of extracts of Quercus infectoria, Eucalyptus galbie and Rosa damascene were 0.051, 0.056, 0.049 units 
/ml/ min) respectively 

The effect of Soxhlet extraction of willow bark extracts on lipase activity 

The effect of willow bark extracts was studied by using the solvents (petroleum ether, ethyl acetate, methanol) on lipase 
activity. Table 4 shows the activation effect of all extracts on enzyme. it was found the highest activation ratio among the other 
extracts was the methanol extract, which amounted to 53.1%. The ethyl acetate and petroleum ether extracts had an activation 

ratio 51.6 and 23.3% respectively comparing with control. 
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                          Table  4  The effect of Soxhlet extracts of willow bark on activity lipase 

Activation effect % Enzyme activity at 410nm Extract 

0 0.774 Control 

23.3 0.954 Petroleum ether 

51.6 1.173 Ethyl acetate 

53.1 1.185 Methanol 

 

Assayed of enzyme activity at different concentrations of extracts Soxhlet extracts  
Table (5) shows the effect of different concentrations of willow bark petroleum ether extract by Soxhlet on lipase activity. We 

found that the best activation was 160% at higher conc. of 3.65 mg/ml, while the lowest activation rate reached 7%, at conc. of 
0.365 mg/ml . 

            Table  5  Effect of petroleum ether extract conc. of willow bark on lipase activity 

Activation effect % Activity at 410nm Extract conc. (mg/ml) 

% 0.774 Control   

7 0.72 0.365 

28 0.99 1.095 

100 1.548 1.825 

113.18 1.65 2.555 

160 2.01 3.65 
 

By studying the effect of ethyl acetate extract on the activity, the results indicated  that the lowest activation was 18% at conc. 
of  3.03 mg/ ml,  but the highest activation was 392.25%  at  conc. 30.3 mg/ml, with Table (6) . 

 

                    Table  6  Effect of ethyl acetate extract of willow bark on lipase activity 

Activation effect % Activity at 410nm Extract conc. (mg/ml) 
0% 0.677 Control 

18 0.912 3.03 

48.1 1.146 9.09 

58.14 1.224 15.15 
77.52 1.374 21.21 

392.25 3.81 30.3 

 

Table (7) shows the effect of methanol extract of willow bark on the activity of lipase, It was found that the highest activation 

was 107% at a conc. of 4.5 mg/mL. The lowest activation was 13.2% at conc. of 2.5 mg/mL.  
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            Table  7  Effect of methanol extract of willow bark on lipase activity. 

Activation effect % Activity at 410nm Extract conc. (mg/ ml) 
0% 0.677 Control 
13.2 0.876 1.65 
18 0.906 4.96 
54 1.185 8.26 

103.1 1.572 11.56 
107 1.602 16.52 

 

Activation of the lipase enzyme is important in many food industries because it has a role in the decomposition of fats and thus 

converting them from one form to another to be useful in them. Pomegranate peel extracts with  ethyl acetate and chloroform 
revealed an activation effect on lipase ( Alabbas et al., 2021). 

 
4. Conclusion  
To our information, this is the first study in which the effects of willow bark extracts and some of its constituents on lipase 
activitt are directly compared. In this study, we have investigated inhibitory activity of aqueous and ethyl acetate extract of 
willow bark against lipase. The mode of inhibition was noncompetitive and uncompetitive respectively. On the other hand, the 
willow bark was powdered and extracted with Petroleum ether, ethyl acetate and methanol in soxhlet apparatus. The extract 
was tested on lipase activity and found the activation effect for all extracts at different concentration  
 
 
Acknowledgements: The authors are grateful to those who provided facilities for the completion of this work. Special thanks to 
the College of Education for Pure Science, and Mosul University 
 
 
References 
 
Alabbas, K. S. Salh, O. A.  Al-abbasy O. Y.  Isolation, Purification, and Characterization of Pecan Nut Lipase and Studying its 

Affinity towards Pomegranate Extracts and 1, 4-D iacetoxybenzene . Iraqi Journal of Science, 2022, Vol. 63, No. 3, 
pp: 908-922. 

Ananthi S, Ramasubburayan R, Palavesam A, et al. Optimization and purification of lipase through solid state fermentation by 
Bacillus cereus  SU as isolated from the gut of a marine fish Sardinella longiceps. Int J Pharm Biol Sci. 2014; 5: 291-
8. 

Anil Kumar HS, Bopanna MM, Gowda Shipra Thimme, Jenifer Rose Raphael and Shammy Somanna H Anti-lipase activity of 
ethyl acetate extract of Terminalia bellerica Roxb. Seeds. Res Rev Biomed Biotech 1(1); 2010 , Volume [1], Issue [1],  
60-63 

Bounaama, A., Enayat, S., Ceyhan, M. S., Moulahoum, H., Djerdjouri, B., and Banerjee, S. (2016). Ethanolic Extract of Bark 
fromSalix aegyptiacaAmeliorates 1,2-Dimethylhydrazine-Induced Colon Carcinogenesis in Mice by Reducing 
Oxidative Stress. Nutr. Cancer 68, 495–506. 

Casas, L., Duquesne, S., Bordes, F., Sandoval, G., and Marty, A. Lipases: (2012). An Overview. In Lipases and 
Phospholipases: Methods and Protocols. Sandoval, G., Ed.; Humana Press: Totowa, NJ, USA, pp. 3–30.  

Chowdary G, Ramesh M , Prapulla S. Enzymic synthesis of isoamyl isovalerate using immobilized lipase from Rhizomucor 
miehei: a ultivariate analysis. Process Biochem 2000; 36: 331-9. 

Christenhusz, M. J. M., Fay, M. F., and Chase, M. W. (2017). Plants of the World. KewChina: Kew Publishing Royal Botanic 
GardensThe University of Chicago Press. 

Coelho, A.L.S.; Orlandelli, R.C. Immobilized microbial lipases in the food industry: A systematic literature review. Crit. Rev. 
Food Sci. Nutr. 2021, 61, 1689–1703.  

Ema. Assessment Report on Salix [Various Species Including S. purpurea, S. daphnoides Vill., S. fragilis L.], Cortex; 
European Medicines Agency: London, UK, 2017. 

Gholamhoseinian A., Shahouzehi B. and Sharifi-far F.(2010). " Inhibitor  effect of some extracts on pancreatic lipase". 
International Journal of Pharmacology , 6(1): 18-24. 

Khan, U., Selamoglu, Z. Use of Enzymes in Dairy Industry: A Review of Current Progress. Arch. Razi Inst., 2019, 75, 131–
136. 



EJABS 3(2):1-7 

 

7 
 
 

 

 

L´opez-Amaya, C., A.G. Marangoni, N.F. Haard and B.K. Simpson. 2001. Lipases: Seafood Enzymes. Utilization and 
Influence on Postmortem Fish Quality. NY. Lowry, O.H., N.J. Rosenbrough and R.J. Randall. 

Lee, H.; Park, O. Lipases associated with plant defense against pathogens. Plant Sci. 2019, 279, 51–58.  
Li, X.; Zhao, Y.; Lai, X.; Nong, J.; Zhao, G.; Xiao, X. One-pot biocatalytic synthesis and antioxidant activities of highly 

lipophilic naringin derivatives by using bi-functional whole-cells. Food Res. Int. 2020, 136, 109291.  
Moreno DA, Ilic N, Poulev A, Brasaemle DL, Fried SK, Raskin I. Inhibitory Effects of Grape Seed Extract on Lipases. 

Nutrition 2003; 19: 876–879 
Mostafa, I., Abbas, H. A., Ashour, M. L., Yasri, A., El-Shazly, A. M.,Wink,M., (2020). Polyphenols from Salix Tetrasperma 

Impair Virulence and Inhibit Quorum Sensing of Pseudomonas aeruginosa. Molecules 25, 1341.  
Ostolski, M., Adamczak, M., Brzozowski, B., Wiczkowski, W., 2021. Antioxidant activity and chemical characteristics of 

supercritical CO2 and water extracts from willow and poplar. Molecules 26, 545. 
https://doi.org/10.3390/molecules26030545 

Ramos, P. A. B.,Moreirinha, C., Silva, S., Costa, E. M., Veiga, M., Coscueta, E., (2019). The Health-Promoting Potential of 
Salix Spp. Bark Polar Extracts: Key Insights on Phenolic Composition and In Vitro Bioactivity and Biocompatibility. 
Antioxidants 8, 609. 

Rivera, I.; Gutiérrez, A.; Sandoval, G. Functional Expression of Plant Lipases: The Case of CpLip1 from Carica papaya. 
Methods Mol. Biol. 2018, 1835, 169–178. 

Sandoval, G. Lipases and Phospholipases, 2nd ed.; Springer: Berlin, Germany, 2018; Volume 1835, p. 437. 
Sharma V and Janmed P (2014) Extraction, isolation identifaction of flavonoid from Euphorbia neriifolia leaves. Arabian J. 

Chem. 10, 509-514. 
Szymczak, T., Cybulska, J., Podles´ny, M.,   and Frac, M. (2021). Various Perspectives on Microbial Lipase Production Using 

Agri-Food Waste and Renewable Products. Agriculture,, 11, 540-549. 
Tasneem, S.; Liu, B.; Li, B.; Choudhary, M.I.; Wang, W. Molecular pharmacology of inflammation: Medicinal plants as anti-

inflammatory agents. Pharmacol. Res. 2019, 139, 126–140.  
Tawfeek, N., Mahmoud, M. F., Hamdan, D. I., Sobeh, M., Farrag, N., Wink, M., (2021). Phytochemistry, Pharmacology and 

Medicinal Uses of Plants of 
Thakur V, Tewari R , Sharma R. Evaluation of production parameters for maximum lipase production by P. stutzeri MTCC 

5618 and scale-up in bioreactor. Chin J Biol 2014; 2014: 
Tienaho, J. Reshamwala, Dh. Sarjala, T. Kilpeläinen P., Liimatainen, J. Dou J. , Viherä-Aarnio, A. Linnakoski, R. Marjomäki 

V. and Jyske T. Salix spp. Bark Hot Water Extracts Show Antiviral, Antibacterial, and Antioxidant Activities—The 
Bioactive Properties of 16 Clones Frontiers in Bioengineering and Biotechnology  December 2021 | Volume 9, 1-19  

Winkler U.K. and Stuckmam M. (1979). "Glycogen, hyaluronate, and sorne other polysaccharides greatly enhance the 
formation of exolipase by Serratia marcescens". J. Bacteriol., 138:663-670. 

Yamamoto M, Shimura S, Itoh Y, Ohsaka T, Egawa M, Inoue S. Anti-obesity effects of lipase inhibitor CT-II, an extract from 
edible herbs, Nomame herba, on rats fed a high-fat diet. Int J Obes Relat Metab Disord 2000; 24(6): 758-764 

Yan, B., Chen, Z. S., Hu, Y., and Yong, Q. (2021). Insight in the Recent Application of Polyphenols from Biomass. Front. 
Bioeng. Biotechnol. 9. 

Zhang J, Kang M, Kim M, Kim M, Song J, Lee Y, Kim J. ). Pancreatic lipase inhibitory activity of Taraxacum officinale in 
vitro and in vivo. Nutr Res Pract 2008; 2(4): 200-203 

 

 

 

 

 

 

 


