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Abstract 17 

Common ivy (CI) or Hedera Helix L., is a clinging evergreen vine which can be cultivated on 18 

any vertical surface (walls, fences, tree trunks, etc.). In Europe, CI has been recommended by 19 

governments to plant in urban areas because it lowers urban heat island effects and 20 

improves urban air quality. Regular trimmings of these vertical greenery systems would be 21 

necessary, which would yield a potentially interesting novel biomass resource for urban bio-22 

refinery concepts. Furthermore, CI extracts contain pharmaceutically active compounds 23 

(e.g., hederacoside C and α-hederin), which constitute the active components of 24 

commercially available cough syrups. Moreover, research on their suitability to treat (lung) 25 

inflammations and suppress cancer tumor growth is ongoing and shows promise. CI extracts 26 

also demonstrated potential for their application in the agricultural industry to serve as anti-27 

fungal agents. Recently, post-extracted residues of CI have shown to be a promising 28 

feedstock for green fertilizer production via slow pyrolysis. Moreover, a provisional 29 

sustainability assessment indicated that the proposed process would be both carbon and 30 

energy-negative. Therefore, a novel circular biorefinery approach is proposed, which entails 31 

the lifecycle of CI, from cultivation in vertical ecosystems via refinery into bioproduct(s) and 32 

valuable nutrients, back into soil.  33 

  34 
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Introduction 35 

Our global population is forecasted to increase up to 9.7 billion in 20501. By then, 67% of the 36 

world’s population will reside in urban areas2. This increased urbanization poses several 37 

societal and environmental challenges. Firstly, urban citizens’ health is threatened by 38 

atmospheric pollution3. Moreover, the urban heat island effect, the phenomenon in which 39 

urbanized areas experience higher temperatures than the outlying areas, contributes to 40 

increased mortality, especially in the older and poorer sections of the city-dwelling 41 

population4. Lastly, cities are significant sources of greenhouse gas (GHG) emissions5, 42 

derived from all parts of the urban society, from the populace utilizing their fossil-fueled 43 

vehicles to enterprises fueling their energy-intensive production processes. In the last 44 

decade, one solution has come forward which could address these environmental challenges 45 

all at once: urban greenery5. Green walls, in particular, have proven to lower overall city 46 

temperatures6,7, effectively adsorb significant parts of atmospheric pollutants8,9 and 47 

incorporate large amounts of carbon dioxide during their growth10. Moreover, urban 48 

greenery has positive effects on the mental health of the residents11. All of the above would 49 

improve the life quality of residents in urban environments. 50 

The transition towards a circular economy should also be driven by the development of new 51 

biomass-based bio-refinery processes, which results in the production of sustainable 52 

bioproducts12. Common ivy (CI) is a particularly interesting plant species to be applied in the 53 

green walls of our future cities. During its growth phase, it improves urban air quality 54 

(indoors13 and outdoors8) while decreasing the urban heat island effect14,15. Cultivating CI in 55 

these green walls would yield substantial quantities (estimated to be 2 kg per m² on a yearly 56 

basis) of trimmings which require further downstream processing in a next phase. As it stands, 57 
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these trimmings have shown to possess significant quantities of extractable pharmaceutically 58 

active compounds16. Extracts of CI are commercially applied as cough syrup (e.g., Prospan®) 59 

and possess anti-oxidant17, anti-inflammatory18, anti-carcinogenic19, and anti-fungal 60 

properties20. A subsequent phase in the proposed bio-refinery process uses the spent 61 

(extracted) CI residue stream as a feedstock for bioproduct manufacturing. The application 62 

potential for the fractionation of spent CI trimmings into its lignocellulosic fractions 63 

(hemicellulose, cellulose and lignin) is discussed. However, the only reported cases where 64 

novel bioproducts were made from CI trimmings regarded the production of biochar from raw 65 

and spent CI waste, in which the oil and gas-fractions would be used for energy generation21. 66 

Moreover, a subsequent study65 described a final step in the proposed bio-refinery process, 67 

which entailed the upgrading of biochar to advanced carbon products. This study aims to 68 

provide a perspective on the feasibility of the proposed bio-refinery approach (Figure 1). Each 69 

of the sections in this perspective will envisage one of the phases in the cascaded bio-refinery 70 

process and summarize the current knowledge concerning the suitability of using CI as a 71 

bioresource for each of the intented applications. To conclude, a provisional sustainability 72 

assessment (based on carbon and energy balances) will be provided to estimate the 73 

environmental impact of the proposed process. As such, this perspective will give insight into 74 

the applicability of CI as a feedstock for a novel bio-refinery process. 75 
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 76 

 77 

Figure 1: Common ivy in a biorefinery concept which entails the complete valorization of the biomass stream 78 

  79 
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Urban ecosystem service 80 

CI in vertical ecosystems 81 

Common ivy is a suitable candidate to be applied in urban greenery due to its ease of 82 

cultivation, climbing characteristics, and fast growth. Urban ecosystems consist mainly of 83 

two components: green roofs and vertical greenery. Vertical greenery is an overarching term 84 

consisting of living walls and green facades, Figure 25. Both of these could be suitable for CI. 85 

However, green facades require fewer maintenance costs and should therefore be the 86 

preferred choice for ivy-based vertical greenery systems. There is a distinction between 87 

direct and indirect green facades. In the direct approach, plants will creep and grow on the 88 

building’s outer walls, using their roots for support. Indirect growth is guided by wires or 89 

frames, aimed to cover the whole building's exterior walls. This can be done either modular 90 

(modular trellis) or continuous (continuous guides). Contrary to green facades, living walls 91 

are specialized frames consisting of either modular or continuous series of planter tiles, 92 

flexible bags, trays, or vessels. When applied continuously, this is done by lightweight 93 

screens, on which the plants can be cultivated without directly contacting the building’s 94 

envelope22. CI will typically be used in direct green facades where their adventitious roots 95 

can settle directly into the building envelope. Nevertheless, initial tests in modular living 96 

walls are reported23. 97 



7 
 

98 

Figure 2: Vertical greenery systems suitable for common ivy, adapted from Besir et al.5 99 

To assist in choosing the most suitable vertical greenery system for CI, insight into the aerial 100 

root's climbing strategy is indispensable. The first foundation was laid in 1865 when Charles 101 

Darwin observed the secretion of a yellowy sticky liquid from the root surface of climbing 102 

plants24.  In 2008, Zhang et al. used atomic force microscopy to study this secreted substance 103 

further25, they observed the exudation of nanoparticles between affiliated disks from the 104 

aerial rootlets of CI. These nanoparticles allow the CI to climb a surface using weak adhesion 105 

and hydrogen bonding. This secretion of nanoparticles is also the basis of the adhesion 106 

systems of other organic live forms, e.g., marine mussels. Both organisms use the exudated 107 

nanoparticles as building blocks to increase surface adhesion. However, it must be noted 108 

that their respective nanoparticles vary from a chemical point of view26. To understand the 109 

adhesion mechanics of CI nanoparticles, Wu et al.27 used three different contact and fracture 110 

mechanics models and concluded that Van der Waals forces supply the major fraction of the 111 

adhesion strength of CI nanoparticles. The capillary force had a smaller contribution, which 112 

was confirmed by Xia et al.28. The general CI attachment process during growth can be 113 

subdivided into four main stages29. The first stage comprises the initial contact of the ivy 114 

attachment roots with the climbing substrate. Secondly, the attachment root system 115 

structurally adapts to fit the substrate structure and topology. This leads to an increase in 116 



8 
 

the contact area between roots and substrate while also increasing root diameter and lignin 117 

content. The next stage is defined by the roots chemically adhering to the substrate surface, 118 

using the secreted nanoparticles between the root hairs. Lastly, the root hairs will change 119 

shape due to the loss of water, and form-closure with the substrate will occur. To confirm 120 

this process in real-time, Lenaghan et al.30 visualized the secretion of adhesives by atomic 121 

force microscopy. It was concluded that the root hairs secreted the adhesive before 122 

contacting the substrate surface. Furthermore, the moment that a root tip contacts the 123 

climbing substrate serves as a signal to induce several effects: The formation of new 124 

adventitious roots above the previous one (thus explaining the climbing behavior) and 125 

morphologically changing the root itself. Huang et al. dug deeper into the role of the 126 

nanoparticles in the adhesion process, and they discovered that the particles were mainly 127 

composed of arabinogalactan proteins31.  128 

Vertical plant growth affects the structural integrity of buildings. CI has a double role in 129 

influencing a building’s structure during plant growth. On the one hand, it deteriorates by 130 

intruding the structure’s outer surface with its adventitious roots32. On the other hand, the 131 

ivy canopy provides both an insulating and cooling effect during winter and summer, 132 

respectively14,15. This protects buildings from frost damage, particulate matter deposition, 133 

and heavy rainfall. To prevent building damage, CI should be applied in indirect modular LW 134 

instead of GF, to maintain the advantages of the canopy without damaging structural 135 

integrity of the building.  136 

Common ivy’s effect on the urban heat island effect and building’s energy efficiency 137 

Surface and air temperatures in cities are higher compared to rural areas. This urban heat 138 

island effect causes an increase in citizen mortality during heat waves4. The application of CI 139 
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in vertical ecosystems would decrease the urban heat island effect6,7 by improving the 140 

energy retention of the adorned buildings, acting as an extra layer of isolation. Cameron et 141 

al.33 quantified these effects by implementing an ivy canopy at different periods of the year, 142 

Figure 3A. During the first winter, energy savings were 21%. When the CI canopy density 143 

increased the second winter, energy consumption decreased by 37% compared to the 144 

reference situation without ivy. The highest energy savings can be made when facades are 145 

exposed to extreme weather (cold, wind, rain). In that case, increases in energy efficiency of 146 

up to 50% could be observed, which corresponded with exterior wall surface temperatures 147 

rising by 3 °C33.  148 

 149 

Figure 3: A) Application of common ivy on a brick cubicle (bottom) to assess the extent of energy savings compared to 150 
the bare brick (top)33, B) Comparison of different taxa for their application in green facades to reduce the urban heat 151 

island effect34
. Reproduced with permission of 34. Copyright 2014 Elsevier. Reprinted with permission under a Creative 152 

Commons CC BY 4.0 from 33. Copyright 2015 Elsevier. (Tp: Total reduction in wall temperature, Tpsh: T reduction due to 153 
shading, Tpet: T reduction due to plant evapotranspiration, Tm: T reduction due to evaporation of water by growth 154 

medium, LSD: least significant difference) 155 

Next to energy savings in winter, vertical greenery also provides cooling during hot 156 

summers, this way (partially) offsetting the urban heat island effect. When comparing CI 157 

with other candidates for green facades, e.g., Prunus laurocerasus, Jasminum officinale, 158 



10 
 

Stachys byzantina, Fuchsia ’Lady Boothby’, and Lonicera ‘Gold Flame’. Only Stachys 159 

byzantina was able to reach cooling comparable to CI. Their fast growth rate and early 160 

canopy densities explained the improved cooling efficiencies. The most considerable 161 

reduction in mean wall temperature (Tp) was caused by shading effects (Tpsh); plant 162 

evapotranspiration (Tpet) and evaporation of growth medium were less impactful (Tm), 163 

Figure 3B34. Hoelscher et al.35 performed outdoor experiments on building facades in Berlin, 164 

Germany. There, a temperature decrease of 15.5 °C was detected on the greened exterior 165 

walls when compared with bare walls. For the interior wall, differences were around 1.7 °C, 166 

measured at night. The main driver for this cooling effect during the day was shading. At 167 

night, increased insulation was responsible for the temperature variations. Similar 168 

observations were made by Bolton et al.36. During a 36-day period in late winter 2012, they 169 

discovered that a cover of CI reduced external wall temperature variations. At night, a 170 

temperature increase of 1.4 °C was observed, while a decrease of 1.7 °C was detected during 171 

the day. This would make the building around 8% more energy efficient, especially on cold 172 

days. Another relevant study by Pichlhöfer et al. determined that the heat transfer of 173 

masonry walls was up to 30% lower when ivy greening was applied on the bare outer wall, 174 

moreover similar findings regarding decreased outer wall temperature in summer and 175 

incerased temperature in winter were found37. This proves that applying CI as vertical 176 

greenery positively affects the net energy consumption in cities during cold periods, while 177 

simultaneously decreasing the urban heat island effect in summer.  178 

Outdoor particular matter (PM) adsorption 179 

Outdoor air pollution is responsible for 5 - 10% of premature deaths in the United States, 180 

thereby resolving this environmental issue would be beneficial both from the healthcare and 181 



11 
 

economic point of view38. Furthermore, the emitted PM2.5 affect large areas of land, in 2018, 182 

the effect of PM2.5 on cross-state premature mortality in the United States was three times 183 

that of NOx or SO2
39. Moreover, long-term exposure to low concentrations of PM2.5, NOx 184 

and carbon black was found to be associated with different types of mortality in a large-scale 185 

European study invoving 28 million people40. One solution for reducing air pollution and 186 

improving urban atmospheres would be vertical greenery systems, and, as stated before, CI 187 

would be an excellent candidate to be applied in these.  188 

Common ivy is an efficient absorber of aerosols (PM10 and PM2.5) in urban environments, 189 

acting as PM-sinks. He et al.8 demonstrated that CI could effectively capture PM10 and PM2.5 190 

when applied as urban vegetation in Hannover, Germany. The leaf surface PM capturing 191 

capacity was 0.15 ± 0.04 mg/cm2 and 0.14 ± 0.04 mg/cm2 for PM10 and PM2.5. Compared to 192 

other plant species (12 species tested in total), this was moderately high. For PM10 capturing 193 

capacity, only one other plant, Berberis thunbergii, performed significantly better. For PM2.5, 194 

none of the other plant species had a substantially higher PM capturing capacity than CI8. 195 

Sternberg et al.9 confirmed the effectiveness of CI acting as a ‘particle sink’ by PM-capture 196 

on historic walls while simultaneously preventing the bio-deterioration of these walls. 197 

Moreover, a recent investigation by Marins et al.41 demonstrated that CI has an average 198 

specific daily removal of 94.47 mg/m2 of PM8. A study was conducted by Dzierzanowski et 199 

al.42 to assess the adsorption of PM100, PM10, and PM2.5 on CI and other urban vegetation 200 

and study the underlying adsorption mechanism. They investigated whether the PM was 201 

deposited on the leaf surface or trapped in its waxes. Compared to the other investigated 202 

taxa, CI captured the largest quantity of PM100 on its leaf surface. Inversely it trapped the 203 

smallest amount of PM100 in its wax layer between leaf structures, partly due to ivy 204 

containing the least amount of waxes of the studied taxa. CI was ranked 5th (of 9) in the 205 
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deposition of PM10 aerosols. Similarly to PM100, their wax trapping ability was lowest, equal 206 

with Platanus × hispanica. For the finest fraction (PM2.5), CI adsorbed the smallest quantity 207 

of particles of the studied taxa. Weerakkody et al.43 studied the removal of PM1, PM2.5, and 208 

PM10 by seventeen different plant taxa applied as vertical greenery in living walls in 209 

Birmingham. CI was adequate in removing fine particulate matter and ranked fifth (of 16) in 210 

removal per unit of surface area of the tested taxa. The captured PM was subjected to 211 

elemental analysis; it was found that the largest fractions of the PM were Fe, Ca, K, Si, Mg 212 

and Cl, also traces of Al, Ba, Cu, Na, P and S were detected. The speciation of captured PM 213 

was similar for all reported taxa, the main differences in total PM adsorption capacity was 214 

dependent on size of the PM rather than chemical speciation. The PM density on the leaves 215 

was in a greater part due to the adaxial surface of the leaves compared to the abaxial 216 

surface. It was proposed that this was due to the epicuticular wax layer present on the 217 

adaxial surface of the CI leaves. It was concluded that the smaller the particles the larger the 218 

quantities captured. This is in clear contrast with the earlier mentioned conclusions of 219 

Dzierzanowski et al.42, where larger particles were captured to a greater extent by CI. 220 

However, it is important to note that both studies quantified the amount of adsorbed PM 221 

differently. Dzierzanowski et al.42 did this gravimetrically, while Weerakkody et al.43 used an 222 

Environmental Scanning Electron Microscope to visualize the leaf surfaces and count the 223 

amount of adsorbed PM. This raises the question of which methodology is more accurate to 224 

quantify the deposition of particulate matter on vertical greenery. Another study by Ottelé 225 

et al.44 found that smaller particles were adsorbed in larger amounts than bigger ones, with 226 

the highest peaks found in the range of 0.2-4 µm. Particles larger than 10 µm were scarcely 227 

found. This was in line with the findings of Weerakoddy et al.43, however, a comparative 228 

study between both approaches, gravimetric or environmental scaning microscopy is still 229 
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non-existent, to the best of our knowledge. Zanoletti et al. compared the removal of PM10 230 

and PM2.5 by their porous material, SUNSPACE, with CI as a reference. It was concluded that 231 

SUNSPACE removed more particles. Nevertheless, CI significantly reduced the amount of 232 

PM10 and PM2.5 derived from a burning candle45. Furthermore, CI can also trap heavy metals 233 

(which are also part of the PM fractions) on its leaves from the atmosphere, as proven by a 234 

Pb210 tracer method. In total, 10% of the present Pb was attributed to direct deposition from 235 

the atmosphere. Soil uptake provided the other part of the total Pb content in the plant46.  236 

Next to the theoretical assessment of the amount of deposition or adsorption of pollutants 237 

per leaf area of CI, an investigation in a London public school was carried out to assess the 238 

effect of different air pollution mitigation strategies on the school’s air quality. This entailed, 239 

among others, the application of a CI green screen along the playground’s fence. This study 240 

observed a 40, 42 and 44% reduction for PM10, PM2.5, and PM1 at the outside monitoring 241 

station located on the school grounds47. This case study demonstrates the potential that 242 

ivy-based vertical greenery systems can improve the health of children. 243 

Indoor pollutant adsorption 244 

The previous section demonstrated the large potential of CI as the principal component of 245 

PM capturing living walls. Moreover, CI could also be used indoors as an ornamental plant to 246 

purify the air in homes, offices or public buildings. In this regard, Lin et al. studied the 247 

removal of formaldehyde (the most abundant volatile organic compound originating from 248 

household equipment) by potted CI. In this case, the time required to remove 1 ppm of 249 

formaldehyde decreased by 70% compared to natural dissipation13. Furthermore, Aydogan 250 

et al.48 showed that CI could remove two-thirds of the amount of formaldehyde, around 2 251 

mg/m3, in a closed room within 56 min of initial exposure. Jin et al.49 determined that the 252 
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formaldehyde removal rate of CI was 2.22 mg/(m2 h). Both studies compared the removal 253 

efficiencies with other common household plants (e.g., Melissa officinalis49 or 254 

Chrysanthemum morifolium48) and concluded that CI’s removal efficiency was the lowest of 255 

the studied taxa. Therefore, CI would not be the preferred choice for formaldehyde removal. 256 

Nevertheless, indoor removal of 5 other indoor pollutants (octane, benzene, toluene, 257 

trichloroethylene and α-pinene) by 28 different plant taxa, among them CI, was studied by 258 

Yang et al.50. In this case, CI showed the highest pollutant removal (together with 3 other 259 

species) of all tested specimen. Another study showed that potted CI reduced the 260 

concentrations of different volatile organic carbons (VOCs) (3-methylhexane, toluene, 261 

ethylbenzene, and m,p-xylenes) originating from gasoline with 16.7-22.6%. However, when 262 

epigeous plant parts were removed, the reduction increased. From this observation, it could 263 

be concluded that a large part of the reduction of VOCs can be allotted to an increased 264 

diffusion in the soil microcosm51 and not to adsorption on the plant surface. A follow-up 265 

study demonstrated changes in the soil microcosm due to the exposure of gasoline VOCs52. 266 

Using NanoSIMS, Tartivel et al. proved that CI could trap bromotoluene on its leaves and 267 

roots53. The removal of indoor carbon dioxide by potted CI was also studied, but an 268 

unrealistically high amount of plants would be required to enhance indoor air quality 269 

significantly54. The potential of CI as an indoor air purifier exists, as it is very effective in 270 

removing some pollutants (octane, benzene, toluene, trichloroethylene, α-pinene, and 271 

bromotoluene), but less suitable for removing others (formaldehyde). Moreover, the 272 

growing medium used to cultivate the plants also has positive benefits on the adsorption of 273 

VOCs. Therefore, it can be concluded that there would be some merit in utilizing CI as 274 

biological air purifier, but other plant taxa showed more potential in this regard. 275 

  276 
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Physicochemical properties of CI biomass 277 

Common ivy: a persistent evergreen vine 278 

Hedera Helix L., is part of the ginseng family, Araliaceae. It can be found around the northern 279 

hemisphere (Europe, North and Central Asia, and the Americas) and blossoms in late winter 280 

or early spring. In fall, the plant carries round-clustered flowers of a greenish-yellow color. 281 

During winter, dark purple or black fruits will develop. Leaves can have a range of different 282 

shapes, depending on the age and flower-bearing capabilities of the branches. Possibilities 283 

are: laceolate, ovate, five-lobed, tri-lobed or ovate-rhomboid55. Other widely occurring 284 

Hedera species are H. colchica, Persian ivy, H. algeriensis, Algerian ivy, and H. hibernica or 285 

Atlantic ivy56.  286 

A distinction is made between CI’s juvenile and adult forms. The juvenile form, a woody vine, 287 

consists of creeping stems that contain roots with adventitious rootlets at leaf nodes. These 288 

rootlets can develop into true roots, gaining the ability to adsorb food and water. They range 289 

from 1 to 30 cm in length and are located at nodes, along the internodes, and around 5-10 290 

cm from the apical meristem. They have a climbing growth pattern. During this climbing 291 

process, they secrete a nanocomposite, which can be harvested and used in other 292 

applications57. Adult stems do not climb and have a purple-green-like appearance. The leaf 293 

shape of adult and juvenile branches is distinctly different. Adult leaves are unlobed and 294 

have an ovate to rhombic shape. While juvenile leaves are lobed (3-5 lobes), with the 295 

terminal lobe being the most prominent, basal lobes can be reduced or absent. Leaves of 296 

climbing stems are also more wedge-shaped58. Furthermore, adult leaves are more freezing-297 

resistant than juvenile leaves. However, their photosynthetic capacity decreases during 298 
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winter. In spring, adult leaves considerably improve their photosynthetic capacity while 299 

retaining their frost-retention capability59.  300 

In some instances, the presence of CI can be undesirable. It is an invasive species in the 301 

United States (US), originally imported from Europe and Asia. In the US, it acts as a 302 

suppressor for native plant species and should be removed. In the Pacific Northwest, 83% of 303 

the present ivy vines were from the species H. hibernica and not H. helix variety60. Biggerstaf 304 

et al. discovered that manual removal is very effective in halting invasive species 305 

proliferation, but also very labor-intensive61. Therefore, Yang et al.62 investigated six 306 

different herbicides to control CI. Metsulfuron proved the most effective with more than 307 

97% control when applied at 0.168 kg ai/ha (ai: active ingredient), by which the application 308 

of this herbicide also prevented regrowth62. One reason that makes CI an efficient invasive 309 

species is the presence of endophytic microbes that enhance plant survival and growth. 310 

Soares et al.63 isolated and identified these bacteria as Bacillus amyloliquefaciens. 311 

Greenhouse plant experiments proved the bacteria’s efficacy after exposure of inoculated 312 

and non-inoculated plants to a necrotrophic pathogen. Problems with invasive CI are 313 

expected to increase due to rising atmospheric CO2 levels, as CI benefits more from these 314 

conditions than their tree hosts64. Therefore, future CI management policies have to be 315 

established. Recently, advanced remote sensing technologies (a combination of 316 

hyperspectral imaging and LiDAR mapping) were used to identify the distribution of CI in 317 

urban areas65. This could be a promising methodology to assist future urban planning 318 

strategies. Earlier, it was mentioned that manual removal was an effective but very labor-319 

intensive (i.e., expensive) method. An economic incentive to remove this plant species 320 

would be needed to justify this removal methodology. Next to ivy trimmings, removing the 321 

invasive CI biomass would generate a second, ivy-biomass stream, which could be integrated 322 
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into the bio-refinery process stream for the production of high-value bioproducts. This could 323 

serve as the necessary economic incentive for labor-intensive CI collection. 324 

Composition of common ivy biomass 325 

Common ivy has a macro-compositional structure of mostly cellulose, hemicellulose, and 326 

lignin. Furthermore, they contain significant quantities of nitrogen. Leaf nitrogen of CI ranges 327 

from 3.2 – 3.8%, independent of environmental changes (improved warming and 328 

illumination)66. Vercruysse et al.21,67  thoroughly studied the elemental composition of a 329 

mixture of leaves and stems of raw CI, their results are presented in Table 1. They confirmed 330 

the high (1.8%) N content of the CI samples. Moreover, CI contains a large (48%) fraction of 331 

carbon, accumulated during the plant’s growth, which showcases their large carbon 332 

sequestration potential. Lastly, CI has a high quantity of ash (4.9%, most importantly Ca and 333 

K67, Table 1) which partially accumulates on the plant’s leaf surface as PM. The carbohydrate 334 

analysis of CI was performed using a modified (additional ethanol extraction to remove 335 

interfering extractives) Van Soest & Wine fibre analysis68. This showed that 20% of CI was 336 

ethanol extractable (e.g., waxes, fats, saponins). Minor quantities (8%) of hemicellulose were 337 

detected, while cellulose was the most abundant lignocellulosic component (34%). 338 

Additionally, a relatively high quantitiy of acid detergent lignin was identifeied (23%), an in-339 

depth discussion on the implications of this compostion is provided in a later section. Lastly, 340 

around 10% of CI was not identified these could include other extractives which were non-341 

extractable by ethanol. Our data corresponds with other previously reported values for fiber 342 

(44%, mainly hemicellulose and cellulose) and lignin (17%) contents of CI69.  343 

  344 
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Table 1: Elemental composition of CI (N, C, H, O and Ash-contents calculated as averages from previously reported data21, 345 
67, inorganic nutrient composition from Vercruysse et al. 67, lignocellulosic composition analysis based on Van Soest fiber 346 

analysis68 performed on the batch studied by Vercruysse et al.65, unpublished data) 347 

Property (wt%, dry basis) CI 

N 1.8 ± 0.6 

C 48 ± 3 

H 6.3 ± 0.1 

O 41 ± 2 

Ash 4.9 ± 0.8 

Ca 0.95 ± 0.01 

K 0.78 ± 0.01 

P 0.12 ± 0.02 

Mg 0.12 ± 0.01 

S 0.10 ± 0.01 

Ethanol extractable (%) 20 ± 1 

Hemicellulose (%) 8 ± 1 

Cellulose (%) 35 ± 1 

Lignin (%) 23 ± 2 

Undetermined (%) 10 ± 1 

 348 

Furthermore, CI also contains a large number of phytochemical compounds, especially in its 349 

leaves, of which the most abundant for each class of compounds are depicted in Figure 4. 350 

Lutsenko et al.16 summarized all pharmaceutically interesting compounds in CI leaves and 351 

fruits. Leaf compounds were categorized into the following classes: triterpene saponins, 352 

flavonoids, coumarins, polyacetylenes, phenolic acids, anthocyanin, sterols, alkaloids, 353 

volatile oils, amino acids, vitamins, and carbohydrates. The fruits contained the following 354 

groups of pharmaceutical compounds: triterpene saponins, fatty acids, polyacetylenes and 355 

β-acetylenes16. In general, the triterpene saponins (comprise 2.5-6% of the leaves16) are the 356 

most important bioactive compounds. In this group, hederacoside C (1.7-4.8%) is the largest 357 

fraction Moreover, Bezruk et al.70 did a complete phytogeographical profiling of different ivy 358 

leaf samples collected all over Southern and central-eastern Europe. It was determined that 359 

the predominant phenolic acids were 3,5-di-caffeoylquinic acid and chlorogenic acid. For the 360 

flavonoid compounds, the most abundant were hyperoside and apigenin-7-glucoside. 361 

Alanine and proline were the most abundant amino acids. Ultimately, the triterpene 362 
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saponins were present in the order, from most to least abundant, of hederacoside C (1.7-363 

4.8%) > hederacoside D (0.4-0.8%) > α-hederin (0.1-0.3%) > hederasaponin B (0.1-0.2%)70. In 364 

a subsequent study, variations in phytogeographical profile were correlated with 365 

environmental factors (duration of sunshine, soil type, climate, altitude and precipitation). 366 

Negative correlations between duration of sunshine and climate were found with the 367 

amount of phytochemicals, which was evident from CI originating from northern countries 368 

(Poland, Lithuania) containing more phytochemicals than CI derived from southern countries 369 

(Italy, Greece). For hederacoside C, variations between northern and southern countries 370 

ranged from 49.63 – 109.46 compared to 13.54 – 33.79 mg/g, respectively. Furthermore, the 371 

total phytochemical content in CI was maximized when cultivated in luvisol71. It can be 372 

concluded that CI contains large quantities of valuable phytochemicals and to maximize their 373 

content, the ivy should be cultivated in northern countries. This way, the ivy-based 374 

biorefinery system would generate a larger quantity of high-value extracts whose extraction 375 

entails the next step in the proposed system. 376 



20 
 

 377 

Figure 4: Chemical structures of common ivy-derived phytochemical compounds as determined by Bezruk et al.70, 378 
chemical structures adopted from Chemspider72 379 

  380 
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Common ivy extractives and their application 381 

Preparation and composition 382 

CI leaf extracts are prepared commercially using an ethanolic solution (30-70%, depending 383 

on the manufacturer). Engelhard Arzneimittel GmbH & Co. KG (Germany) (producer of 384 

Prospan®) owns a U.S. patent (US 7,943,184 B2) for producing an ethanolic (30%) extract of 385 

CI which contains a considerable amount of hederacoside C and α-hederin73. One of the 386 

critical parameters for efficient extraction is the biomass particle size. It directly impacted 387 

the polyphenolic content and anti-oxidant effect of the resulting extracts (70% ethanol). 388 

Powder particle size between 100-350 µm delivered the highest polyphenol content and 389 

associated anti-oxidant effects. Particle sizes exceeding 500 µm and unsieved powders gave 390 

the lowest recoveries of polyphenolics74. Therefore, the ivy extraction system requires a 391 

grinding step before extraction. Commercial CI extraction systems still use large quantities of 392 

organic solvents which require large amounts of energy for their use and recovery. 393 

Therefore, novel extraction methodologies are being researched extensively. As an example, 394 

Gavrila et al. proposed an ultrasound-assisted extraction methodology to obtain saponins 395 

from ivy leaves, this way less energy would be used during the extraction process. The 396 

optimal extraction protocol used 80% ethanol, 60 min extraction time at 50 °C, an 397 

ultrasound amplitude of 40% which corresponds to 27.9 W, and a 1:20 plant:solvent ratio 398 

(w:v)75. After the extraction of the phytochemicals, quantification is necessary to assure the 399 

quality of the produced extracts. 400 

The quantification of the extracted active components (saponins and flavonoids) from CI is 401 

done by reverse phase high-performance liquid chromatography (RP-HPLC) using a gradient 402 

elution scheme coupled with a diode array detector (DAD)55,76,77 or regular UV-VIS 403 
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detector78. Hàvlikova et al. decreased analysis time from 30 to 5 min per ethanolic extract by 404 

adjusting the elution gradient79. Another quantification method, ultra-performance liquid 405 

chromatography-electrospray ionization-tandem mass spectrometry (UPLC-ESI-MS/MS), has 406 

proven to be more rapid , selective and sensitive than HPLC-DAD in determining the active 407 

components in ethanolic ivy leaf cough syrups80. Moreover, ultra-high performance liquid 408 

chromatography-quadrupole time-of-flight-tandem mass spectrometry (UHPLC-Q-TOF-409 

MS/MS) has also proven to be an adequate analysis methodology to quantify ivy saponins 410 

rapidly. Furthermore, this methodology allowed the identification of novel ivy-derived 411 

phytochemicals81. The previous shows that the quantification of CI-derived phytochemicals is 412 

not straightforward and it requires the use of highly-specialized machinery with highly-413 

trained personell to ensure accurate identification and quantification. 414 

CI could contain other bio-active compounds which are not efficiently extracted with 415 

aqueous ethanol or other alcohols. However, to date, no in-depth investigations have been 416 

conducted in this regard. Therefore, to expand the applicability of CI trimmings, a 417 

microwave-assisted extraction with hexane/isopropanol was performed on CI trimmings. 418 

Hereafter, samples were analyzed using one-dimensional gas chromatography coupled to 419 

mass spectroscopy (1D-GC-MS) and comprehensive two-dimensional gas chromatography 420 

coupled to mass spectroscopy (2D-GC-MS), a detailed overview of the used experimental 421 

methodology and the measured chromatograms are added in supplementary material 422 

(Appendix 1). The 2D-GC-analysis, Table 2, revealed that the CI extract contained large 423 

quantities or C15H24 sesquiterpenes (24.85% relative surface area) and C15H24O 424 

sesquiterpenoids (20.19%). The former consisted mainly of β-copaene (12.69%), germacrene 425 

D (3.38%), γ-elemene (2.48%), valencene (2.47%), and α-copaene (2.17%). For the 426 

sesquiterpenoids these were lemnalol (2.01%), germacra-4(15),5,10(14)-triene-1-α-ol 427 



23 
 

(1.30%), salvialenone (0.95%) and isospathulenol (0.71%). 1D-GC-MS analysis identified a 428 

smaller relative quantity of sesquiterpenes compared to 2D-GC-MS. For C15H24 only 8% 429 

(compared to 24.85% for 2D-GC-MS) of the peaks were identified as such, Table 3. The 430 

identified compounds were germacrene D (6.74%), germacrene B (0.62%), and (E)-β-431 

famesene (0.64%). For the C15H24O sesquiterpenoids the total identified relative peak area 432 

equals only 2.51% (compared to the 20.19% for 2D-GC-MS). The identified compounds were 433 

germacra-4(15),5,10(14)-triene-1-α-ol (1.01%), isospathulenol (0.83%) and salvialenone 434 

(0.67%). The increased resolving power of the 2D-GC-MS was mainly due to an existing 435 

overlap between the sesquiterpenes and their corresponding alkanes. Overall, the previous 436 

demonstrates the strength of a 2D-GC-MS analysis for identifying biochemical compounds 437 

from herbal extracts. Moreover, the presence of sesquiterpenes in CI trimmings broadens 438 

the application potential of the biomass waste stream, as these compounds are applicable in 439 

the pharmaceutical, cosmetics, and food sector82. 440 

441 
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Table 2: Identified compounds of the 2D-GC-MS analysis of the hexane/isopropanol CI extract 442 

Group No. Group Area % 

1 C9-C10 alkane 3.96 

2 C11-C12 alkane 4.37 

3 C13-C14 alkane 1.03 

4 C15-C16 alkane 4.16 

5 C17-C18 alkane 6.32 

6 C19-C20 alkane 5.68 

7 C21-C25 alkane 12.10 

8 C26-C29 alkane 6.28 

9 C6 peroxide 0.30 

10 C15H24 sesquiterpenes 24.89 

11 C15H24O sesquiterpenes 20.23 

12 C17-21 fatty alcohol, acid, ester 2.83 

13 C26-29 fatty aldehyde 1.63 

14 Di-tert-butylphenol 1.09 

15 N-butyl-benzenesulfonamide 1.62 

 Total from groups 96.49 

Peak no. Ungrouped compounds Area % 

34 Benzene, 1,3-bis(1,1-dimethylethyl)- 0.16 

37 2,4,6-Octatriene, 2,6-dimethyl- 0.04 

38 Cyclohexene, 1-methyl-4-(1-methylethylidene)- 0.06 

39 Copaene 0.03 

41 Cyclohexane, 1-ethenyl-1-methyl-2-(1-methylethenyl)-4-(1-methylethylidene)- 0.06 

42 Methyl 8,9-octadecadienoate 0.07 

43 (-)-β-Bourbonene 0.04 

44 Longifolene 0.44 

95 2-((2R,4aR,8aS)-4a-Methyl-8-methylenedecahydronaphthalen-2-yl)prop-2-en-1-ol 0.04 

96 Andrographolide 0.11 

105 13-cis-Retinal 0.04 

143 2-Butenal, 2-methyl-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)- 0.03 

177 Cyclooctatin 0.04 

266 2-Pentadecanone, 6,10,14-trimethyl- 0.07 

306 Solstitialin A 0.07 

309 5,8,11-Eicosatriynoic acid, methyl ester 0.10 

318 Doconexent 0.02 
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441 9-Octadecenamide, (Z)- 0.10 

507 Acetoxy-3-hydroxy-3-isopropyl-dimethyl--octahydroazulen-4-yl-methoxybenzoate 0.28 

510 Squalene 0.22 

517 Acetic acid, chloro-, octadecyl ester 0.15 

520 Eicosane 0.06 

521 Tetracosane 0.06 

525 Stigmasterol 0.08 

529 Cyclopentadecanol 0.18 

530 Lupeol 0.07 

 Total ungrouped compounds 2.62 

 Total identified 2D GC-MS 99.11 

 443 

  444 
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Table 3: Identified compounds of the 1D-GC-MS analysis of the hexane/isopropanol CI extract 445 

Peak No.  Compounds Area %  

1 Ethanone, 1-(3-ethyloxiranyl)- 0.22 

4 Octanal 0.13 

6 Nonanal 0.06 

7 Octanoic acid 0.05 

8 Ethanol, 2-(2-butoxyethoxy)- 0.05 

9 2,4-Decadienal 0.14 

10 2,4-Decadienal 0.16 

11 Tetradecane 0.80 

12 (E)-ß-Famesene 0.64 

14 Dodecane, 4,6-dimethyl- 0.45 

15 Germacrene D 6.74 

17 2,4-Di-tert-butylphenol 0.51 

22 Germacrene B 0.62 

23 (1R,7S,E)-7-Isopropyl-4,10-dimethylenecyclodec-5-enol 0.58 

24 Hexadecane 1.38 

25 Salvial-4(14)-en-1-one 0.67 

26 (1R,7S,E)-7-Isopropyl-4,10-dimethylenecyclodec-5-enol 1.01 

27 Isospathulenol 0.83 

28 .tau.-Cadinol 0.91 

29 Aromadendrene oxide-(2) 0.31 

30 (1R,7S,E)-7-Isopropyl-4,10-dimethylenecyclodec-5-enol 0.28 

31 (1R,7S,E)-7-Isopropyl-4,10-dimethylenecyclodec-5-enol 0.27 

33 (1R,7S,E)-7-Isopropyl-4,10-dimethylenecyclodec-5-enol 1.21 

34 (1R,7S,E)-7-Isopropyl-4,10-dimethylenecyclodec-5-enol 0.35 

35 (1R,7S,E)-7-Isopropyl-4,10-dimethylenecyclodec-5-enol 1.06 

37 trans-Z-a-Bisabolene epoxide 0.60 

40 (1R,7S,E)-7-Isopropyl-4,10-dimethylenecyclodec-5-enol 0.57 

41 Aromadendrene oxide-(1) 0.27 

42 Isospathulenol 0.41 

43 Benzenesulfonamide, N-butyl- 4.17 

44 Octadecane 0.58 

46 Neophytadiene 0.26 

47 2-Pentadecanone, 6,10,14-trimethyl- 0.30 

49 Aromadendrene oxide-(2) 0.70 
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54 n-Hexadecanoic acid 2.70 

56 Eicosane 0.28 

57 Panaxynone 0.40 

58 Octadecanal 0.23 

59 (S,Z)-Heptadeca-1,9-dien-4,6-diyn-3-ol 5.81 

60 Octadecyl octyl ether 0.50 

61 9,12-Octadecadienoic acid (Z,Z)-, methyl ester 1.26 

62 10-Heptadecen-8-ynoic acid, methyl ester, (E)- 1.00 

63 Phytol 1.60 

65 10(E),12(Z)-Conjugated linoleic acid 3.75 

66 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- 4.97 

67 Octadecanoic acid 0.77 

73 9-Octadecenamide, (Z)- 0.79 

75 Pentacosane 0.69 

77 Hexacosane 0.32 

79 Heptacosane 1.31 

82 Squalene 0.63 

83 Hexacosanal 1.48 

84 Nonacosane 11.54 

85 d-Tocopherol 0.24 

87 Octacosanal 2.17 

88 Tocopherol 0.48 

91 Nonacosanal 0.34 

92 Triacontanal 7.78 

93 Stigmasterol 2.42 

96 Sitosterol 1.71 

98 Lupeol 1.32 

 Total identified compounds  83.81 

 446 

  447 
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 448 

Medical applications of common ivy extracts 449 

Clinical effectiveness of common ivy-based pharmaceuticals 450 

In 2017, the European Medicines Agency published a report on the medicinal use of CI leaf 451 

extract in both its liquid or solid form, stating all requirements for safe commercial use 83. It 452 

was concluded that all requirements for commercial use are met. The provided list inicates 453 

the accepted solvent concentrations of ethanol, as well as the useable solvent to biomass 454 

ratios. The Committee on Herbal Medicine Products gave the extracts the indication of 455 

“Herbal medicinal product used as an expectorant in case of productive cough.”. Prospective 456 

and retrospective studies with respectively 7 000 and 52 000 children ensured its safety. 457 

During pregnancy and lactation, complete safety is not confirmed within the scientific 458 

literature, as the maternal Zn distribution in rats was altered by treatment with α-hederin83. 459 

Furthermore, to ensure the safety of a 30% ethanolic CI leaf extract (Prospan®), Fazio et al.84 460 

conducted a multicentre post-marketing study on 9657 patients (5181 children). It was 461 

concluded that 95% of patients had decreased symptoms after seven days of treatment. 462 

Only mild adverse effects were reported for 2.1% of the cases, demonstrating the safety of 463 

the drug84. Cwientzek et al. studied the impact of two CI leaf based cough syrups (Hedelix® 464 

and Prospan®) on acute bronchitis of 590 patients. The results were similar for both extracts, 465 

indicating a daily improvement of the patient’s health and a decrease in bronchitis 466 

symptoms85. Sierocinski et al. published a systematic review of the clinical reports regarding 467 

the use of CI-based extracts for the treatment of viral respiratory tract infections and 468 

bronchitis. It was concluded that whereas the extracts were safe for use, actual clinical 469 

effects were only minimally observed86. More clinical trials should be conducted to further 470 

confirm the efficacy of CI-based preparations, but, nevertheless, the current literature looks 471 
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promising. An overview of the applications of common ivy-based extractives is provided in 472 

Table 4. 473 

Common ivy extracts as an anti-inflammatory agent 474 

Gepdiremen et al.18 studied the anti-inflammatory effects of both α-hederin and 475 

hederacoside C and two bidesmosides (hederacolchisides E and F) derived from H. colchica 476 

or Persian Ivy. They concluded that hederacoside C had a significant anti-inflammatory 477 

effect, however, it was not as effective as hederacolchiside F or indomethacin (added as a 478 

positive control). Furthermore, in vivo and in vitro experiments suggest that Hederacoside C 479 

would be applicable to treat acute lung inflammation induced by the bacteria 480 

Staphylococcus aureus. Treatment with hederacoside C suppressed Toll-like receptors 2 and 481 

4 and inhibited proinflammatory cytokines' production, resulting in anti-inflammatory 482 

effects87.  483 

Anti-carcinogenic effects of common ivy-based chemicals 484 

Nanostructured lipid carriers derived from plant-based oils, can efficiently (up to 82% for 485 

hederacoside C) entrap the active components of a CI-leaf extract88. They have a free oxygen 486 

radical scavenging effect (94-98%), making them powerful anti-oxidants. Furthermore, these 487 

nanostructured lipid carriers induce apoptosis in B16 tumor cells (around 38% after a 72 h 488 

treatment), while normal L929 cell lines retain a viability of 92%. Therefore, they show high 489 

potential as effective phytochemical delivery systems in cancer therapy88. Furthermore, α-490 

hederin has been shown to have antineoplastic effects for different types of cancer cells. For 491 

example, α-hederin, effectively inhibits the growth of esophageal squamous cell carcinoma 492 

in mice19. Similar positive effects were found for the inhibition of gastric cancer cells89. 493 

Apoptosis was induced in both studies by activating the mitochondrial dependent apoptotic 494 



30 
 

signaling pathway. Alpha-hederin also induced cell death in lung carcinoma, larynx 495 

epidermoid carcinoma, colon adenocarcinoma and pancreas carcinoma90. Zhan et al. 496 

reported beneficial effects of using α-hederin in combination with paclitax to treat non-small 497 

cell lung cancer91. Furthermore, to improve the uptake of α-hederin by the body, chitosan-498 

derived nanoparticles were applied as successful carriers for α-hederin, to treat liver 499 

tumors92. An optimal ratio between α-hederin, hederagenin and hederacoside C to instigate 500 

the maximal antiproliferative activity when applied to Hep-2 (human) epithelial cervix tumor 501 

cells was proposed by Tatia et al.93. Of the three components, α-hederin showed the highest 502 

antiproliferative activity with cell viabilities ranging from 0.5-51%, depending on 503 

concentration (10 – 400 µg/ml) after a treatment time of 24 h. Hederagenin lowered cell 504 

viability to 52% for 25 – 400 µg/ml. Lastly, hederacoside C did not decrease cell viability for 505 

the tested concentrations (2 – 400 µg/ml). The optimal saponin ratio was calculated to be 506 

3.863:100.000:596.137 (wt%) for α-hederin, hederagenin, and hederacoside C, respectively. 507 

In vitro experiments showed that, when applied to Hep-2 epithelial cervix tumor cells, this 508 

ratio yielded a tumor viability of 35% (cultivated in minimum essential medium (MEM)) and 509 

a biocompatibility with normal mouse fibroblasts (NCTC cells) of 80% viability93. These in 510 

vitro findings were improved upon by a follow-up study, where different mixtures of α-511 

hederin, hederagenin, and hederacoside C were tested, the best performing ratio 512 

(30:100:360 (wt%)) was better than the previously calculated ratio leading to 90% viability of 513 

NCTC cells and tumor viability of 55% (MEM supported by 10% fetal bovine serum (FBM)) 514 

compared to respectively 80 and 76% for the theoretically calculated ratio94.  To summarize, 515 

it was proven that CI contains readily extractable components which can be very efficiently 516 

applied to treat different tumors, although more extensive animal trials are required before 517 

human trials should be commenced, as large scale experiments were not reported before. 518 
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Common ivy extracts: potential COVID-19 therapy 519 

CI-based cough syrups have been commercially available for a long time and have shown 520 

improvements in the symptomatic treatment of bronchitis83. Therefore, it could potentially 521 

aid in the treatment of other bronchial ailments. In recent years, one of these diseases got a 522 

lot of attention in the scientific community due to societal relevance, i.e., COVID-19 or SARS-523 

Cov-2. A recent publication by Silveira et al. tested herbal medicine as an adjuvant 524 

symptomatic therapy against COVID-19. Of the 39 tested herbal medicines, CI-based 525 

preparations were one out of five herbal medicines that were deemed positive regarding 526 

their benefits versus risks assessment. As Silveira et al. reported that the use of these 527 

extracts is completely safe and could have a positive suppressive effect on symptoms caused 528 

by SARS-Cov-295. Another argument for the potential efficacy of CI-based extracts for the 529 

treatment of SARS-Cov-2 is based on the molecular docking of α-hederin on the main 530 

protease of COVID-19. Bouchantouf and Missoum showed that this molecular docking of α-531 

hederin, was the most energetically favorable compared with other COVID-associated drugs 532 

(chloroquine, hydroxychloroquine, and faviparivir)96. However, no clinical discussion on the 533 

use of CI-based therapies for the treatment of COVID-19 has been reported yet. 534 

Emerging medical applications of common ivy extracts  535 

Next to the earlier mentioned anti-inflammatory, anti-carcinogenic and beneficial bronchial 536 

effects of CI-extracts, some other novel medicinal applications are under investigation. 537 

Purified CI extracts containing hederagenin and α-hederin proved to be novel autophagic 538 

inducers, through the degradation of mutant proteins, α-dyn, and huntingtin, in mice. 539 

Hence, establishing their neuro-protective capabilities, makes them interesting candidates to 540 

modulate Parkinson’s and Huntington’s disease97. Furthermore, Moshaie-Nezhad et al. 541 
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proposed that CI extracts could prevent paracetamol-induced renal damage in mice, as 542 

significant reductions in blood urea nitrogen, creatinine, and uric acid levels were observed 543 

in the kidneys of treated mice98. Lastly, the flavonoid fraction of the ethanolic ivy extract 544 

would be a suitable candidate for treating rheumatoid arthritis (RA). The total ivy ethanolic 545 

extract and its isolated flavonoids fraction significantly (p-value < 0.05) repressed the 546 

biochemical, pathological and oxidative changes in rats caused by RA. Interestingly, the 547 

saponin fraction did not have any significant effects99.  548 

Non-medical applications of common ivy extracts 549 

As discussed in the previous section, CI extracts are mainly used to treat bronchial ailments. 550 

Moreover, an extensive research field exists to widen the applicability of plant-based drugs. 551 

However, a significant time discrepancy exists between the initial research into new 552 

therapies and their practical implementation. On average, this takes 10-15 years from initial 553 

discovery to regulatory approval. Therefore, it would be interesting to look into other non-554 

medical applications of CI-extracts, whose application horizon is not as long.  555 

Common ivy extracts’ efficacy as anti-fungal agent 556 

Emerging fungi pose a significant risk to the global food supply, therefore, novel disease 557 

control strategies should be investigated100. Consequently, Rosca-Casian et al.20 researched 558 

the anti-fungal activity of a 50% ethanol CI leaf extract against 6 phytopathogenic fungi 559 

strains. Results were positive and comparable with fluconazole, a synthetic drug. This 560 

implied that the extract could be used to prevent plant-related diseases, e.g., white rot, 561 

plant wilt, or grey mold. The active compounds in this extract were rutin, quercetin, 562 

kaempherol, and stigmasterol. Other researchers discussed the anti-fungal activity of CI 563 

extracts on other foods. Significant effects were found against late blight on detached 564 
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tomato leaves and downy mildew in cucumber101. Furthermore, Baysal and Zeller 565 

demonstrated an increased resistance of apple rootstock treated with a CI extract against 566 

fire blight102. No significant effects were found in the treatment of common bean 567 

anthracnose103. However, a 25% reduction in mycelial growth of the blight disease in 568 

potatoes was found104. Furthermore, CI extracts could control black rot, in vitro and in vivo, 569 

in grapevine. However, the authors noted that the saponins present in the CI extracts are 570 

water-soluble, which prevents its wide-scale applicability at this moment in time105. Besides 571 

the leaves, the flowers and fruits of CI also possess anti-fungal constituents (polyphenols). 572 

The fruit extract had a slightly higher anti-fungal effect than the flower extract106. In 573 

conclusion, CI-extracts certainly demonstrated anti-fungal activity, however further research 574 

on field-scale is necessary. Another point of investigation, would be to lower the water-575 

solubility of the applied saponins to prevent the active compounds from being removed by 576 

rain after their application. 577 

Nanoparticles from common ivy’s rootlets 578 

A different ivy-derived product is derived from purposely cultured CI strains, and not from its 579 

trimmings. It entails the nanoparticles secreted by the ivy rootlets, which have UV-blocking 580 

properties30. They are more efficient, less toxic, and easier biodegradable than the TiO2 581 

particles usually used in commercial sunscreen57. This UV-protective capability was 582 

maintained at a wide temperature range (-20 – 40 °C)107. However, commercial application is 583 

not yet feasible as only lab-scale cultivation experiments have been carried out108. Lenaghan 584 

et al.28, found that the nanoparticles were organic (no metals present above trace levels), 585 

elemental analysis showed a C, N, and S content of 51.77, 4.72, and 0.32%, respectively. 586 

From their Fourrier-transform infra-red spectra, it was postulated that the nanoparticles 587 
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mainly consisted of glycoproteins28. Next to the earlier mentioned application, Huang et 588 

al.109 used the nanoparticles as nanocarriers to deliver doxorubicin (chemo-therapeutic drug) 589 

to multiple different cancer cell lines. Using CI nanoparticles loaded with doxorubicin had a 590 

higher cytotoxic effect than free doxorubicin both in vitro and in vivo (mice). Therefore, CI 591 

nanoparticles are versatile arabinogalactan protein-rich nanomaterials that can be 592 

functionalized according to their application. 593 

Other applications of CI-based products 594 

Next to all the earlier mentioned applications of ivy-derived products, some alternative uses 595 

were recently investigated. Hederacoside C and α-hederin work as potent anti-oxidants with 596 

a total anti-oxidant activity of 86 and 94%, respectively, this was comparable to reference 597 

anti-oxidants (a-tocopherol, butylated hydroxyanisole, and butylated hydroxytoluene)17. 598 

Abbasifar et al. used CI-extracts to synthesize silver nanoparticles (by initiating a reaction 599 

between AgNO3 and the extract), which can be used in many applications. Their research 600 

focused on the antibacterial activity of the nanoparticles against two bacteria strains. They 601 

concluded that the nanoparticles had significantly higher antimicrobial activity than either 602 

the extract alone or AgNO3
110. Saponin-rich ethanolic CI extracts were also used to improve 603 

bacterial metabolism in biodegradation processes. Zdarta et al.111 found that the extract 604 

enhanced the viability of the cells (Acinetobacter calcoaceticus) during the biodegradation 605 

process. However, the saponins themselves were also more efficiently degraded, i.e., used 606 

as a carbon source, which slowed down the hydrocarbon degradation111. Crude 607 

hydroethanolic extracts of CI fruit also had a moderate anthelmintic effect on eggs and adult 608 

nematode parasites (Haemonchus contortus) both in vivo and in vitro112.  609 
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The table below summarizes the applicability of all CI-derived products (Table 4). Utilizing CI 610 

trimmings to produce these products would generate a large quantity of spent ivy, which 611 

should be processed further. 612 

Table 4: Overview of potential applications of CI-derived products (n.d.: not determined) 613 

Solution/form 
Active 

Component 
Application Effectiveness Ref. 

Isolated and purified saponins 
from ivy leaves and fruits 

Hederacoside 
C, α-hederin 

Anti-oxidant 
Total anti-oxidant activity: Hederacoside C 

(86%), α-hederin (94%) 
17 

Isolated saponins from ivy leaves 
Hederacoside 
C, α-hederin 

Anti-inflammatory agent (acute lung 
inflammation treatment) 

Hederacoside C effective after four hours, α-
hederin no signicifant effects 

18 

Hederacoside C 
Hederacoside 

C 
Acute bacterial lung inflammation 

Suppression of TLR2 and TLR4 and 
production of proinflammatory cytokines 

87 

Ivy leaves extract (14.65% 
hederacoside C) 

Hederacoside 
C 

Active component entrapped by 
nanostructured lipid carrier for cancer 

treatment 

Apoptosis in B16 tumor cells, 38% (72 h 
treatment) 

88 

Commercial α-hederin (≥ 90%) α-hederin 
Cancer treatment (inhibiting growth of 

esophageal cell carcinoma) 
Significant decrease in tumor size and 

volume in mice 
19 

Commercial α-hederin (≥ 90%) α-hederin 
Cancer treatment (inhibiting growth of 

gastric cancer cells) 
Significant decrease in tumor size and 

volume in mice 
89 

Solution of commercial α-hederin 
in 100% DMSO 

α-hederin 

Cancer treatment (inducing apoptosis 
in lung carcinoma, larynx epidermoid 

carcinoma, colon adenocarcinoma and 
pancreas carcinoma) 

21.6% apoptosis after 24 h 90 

Commercial α-hederin combined 
with paclitax 

α-hederin 
Cancer treatment (inducing apoptosis 

in non-small lung cancer) 
Combination therapy promising treatment 

strategy 
91 

α-hederin with chitosan derived 
carriers 

α-hederin 
Cancer treatment (inducing apoptosis 

in liver tumors) 

Nanoparticles with α-hederin effectively 
captured in tumor cells and affected mobility 

and stability 

92 

Mixture of α-hederin, 
hederacoside C, and Hederagenin 

α-hederin, 
hederagenin 

Cancer treatment (inducing apoptosis 
in Hep-2 epithelial cervix tumor cells) 

Optimal saponin mixture determined, 
hederacoside C no antriproliferative effects, 

the others did. 

93, 
94 

Purified CI extracts 
α-hederin, 

hederagenin 
Modulator of Parkinson’s and 

Huntingtons disease 
Extracts facilitate autophagal degradation of 

huntingtin and α-syn 
97 

CI extracts n.d. 
Prevention of paracetamol induced 

renal damage 
Significant reduction in serum creatine, 

blood urea nitrogen and uric acid in blood. 
98 

Ethanolic (70%) ivy leaf extract 
and its isolated flavonoid fraction 

Flavonoids Anti-arthritic treatment 
Significant reduction in a wide array of 

symptoms caused by rheumatoid arthritis 
99 

Commercial hedera helix extract n.d. 
Adjuvant symptomatic covid-19 

therapy 

Benefits/risks assessment shows that 
common-ivy based herbal medicine has 

potential as symptomatic therapy 

95 

α-hederin α-hederin COVID-19 treatment Most energetically favorable drug tested 96 

50% ethanol CI leaf extract 

Rutin, 
quercetin, 

kaempherol, 
stigmasterol 

Anti-fungal agent (white rot, plant wilt 
and grey mold) 

Results comparable to synthetic drug 20 

50% ethanol extract CI n.d. 
Anti-fungal agent (late blight on 

detached tomato leaves and downy 
mildew in cucumber) 

Effects comparable to commercial fungicide 101 

CI extract (30% ethanol) n.d. 
Anti-fungal agent (Fire blight on apple 

rootstock) 
Significant increase in resistance to fire 

blight in treated apple rootstock 
102 

Methanolic CI extract n.d. 
Anti-fungal agent (Common bean 

anthracnose) 
No significant effects 103 

Mixed fruit and leaves extract 
(10% acetone) 

n.d. 
Anti-fungal agent (blight disease in 

potatoes) 
25.95% reduction on the mycelial bacterial 

growth compared to control 
104 
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Ethanolic extract (96% ethanol) saponins 
Anti-fungal agent (Black rot in 

grapevine) 

Favorable effects in glasshouse experiments, 
not in field trials, due to saponins dissolving 

in water 

105 

Ivy fruit and flower extracts 
Polyphenols 

and 
flavonoids 

Anti-oxidant and antimicrobial agent 
The extracts with the highest polyphenolic 
and flavonoid contents showed the highest 

effects 

106 

Silver nanoparticles created by 
reaction of AgNO3 and CI extracts 

n.d. Antimicrobial activity 
Larger inhibition of microbial activity by 

silver nanoparticles compared to AgNO3 and 
the CI extract 

110 

Saponin-rich ethanolic CI extracts 
Mixture of 

present 
saponins 

Biodegradation promoting agent 
Positive effect on cell viability, bioavailability 

of compounds in extract have an adverse 
impact on biodegradation process 

111 

CI fruit extracts n.d. 
Anthelmintic effect on eggs and adult 

nematode parasites in sheep 
Strong initial effects, long term effects not 

significantly proven 
112 

Nanoparticles secreted by ivy 
rootlets 

Glycoprotein-
like 

nanoparticles 
Green alternative sunscreen 

UV-protective capability maintained over 
wide temperature and pH ranges 

107 

Nanoparticles secreted by ivy 
rootlets 

Glycoprotein-
like 

nanoparticles 

Nanocarrier for chemo-therapeutic 
drugs (doxorubicin) 

Significant decrease in tumor sizes for mice 
treated with ivy nanoparticle-doxorubicin 

conjugates 

109 

 614 
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Valorization of spent common ivy residue 616 

The drug:extract ratio, mass ratio of the amount of plant material to the amount of obtained 617 

extract, of commercial CI extracts varies between 5-7.5:184, which means that 80 – 87% of 618 

the raw CI stream is discarded after extraction, even more if losses during pretreatment are 619 

accounted for. This discarded, spent, CI stream could be a promising candidate for further 620 

valorization. Keeping in mind the goals of the Paris Agreement, the proposed valorization 621 

strategy would be to sequester carbon in soils as biochar or employ it to create novel 622 

advanced carbons.  623 

Fractionation of common ivy biomass  624 

After ethanolic extraction of CI the lignocellulosic structure of the biomass remains largely 625 

unaffected21. Therefore, a next step in the valorization process could entail the fractionation 626 

of the lignocellulosic structure(s) in to each of its three main components: hemicellulose, 627 

cellulose or lignin. Each of the three is present in the biomass in different quantities as 628 

explained in Table 1. Currently, no literature is available yet which describes the 629 

fractionation of this specific biomass stream. However, as it is a herbaceous lignocellulosic 630 

biomass with a known distribution of its lignocellulosic content. An initial estimation on its 631 

applicability as a resource for different commodity chemicals and bioproducts can be made 632 

based on other comparable studies. 633 

In terms of valorization potential after ethanolic extraction the largest remaining fractions 634 

would include cellulose (34%) and lignin (23%), hemicellulose is only present in a minor 635 

fraction (8%). Therefore, in terms of valorization potential it would be the most opportune 636 

to isolate cellulose from this feedstock as it has the largest relative quantity. Some notable 637 
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applications of isolated (nano)-cellulose include food packaging, paper production, 638 

electrochemical energy storage and biosensors113. 639 

Isolated cellulose is one of the most important commodities as identified by the scientific 640 

community. Isolation of cellulose involves the removal of hemicellulose and lignin, this is 641 

conventionally achieved using a two-step process. The first step involves a bleaching step to 642 

remove a first fraction of lignin and waxes, pectins and tannins, commonly used bleaching 643 

agents include H2O2, NaOCl and NaClO2. This is followed by alkaline treatment (NaOH or 644 

KOH) to remove all residual lignin and hemicellulose114. Current research has been searching 645 

for novel sustainable solvents for biomass fractionation as an alternative for this alkaline 646 

treatment115. In this regard, natural deep-eutectic solvents (NADES) show promise as 647 

sustainable recyclable biomass fractionation agents as certain NADES can dissolve lignin and 648 

hemicellulose116. Only one study reported the treatment of CI with NADES65, specifically 649 

choline chloride:malic acid. In this study, it was found that the NADES could effectively 650 

remove inorganic minerals from the biomass, more over large fractions of organic matter 651 

were extracted in the process. Nevertheless, no in-depth characterization on the organic 652 

matter extraction was done in this study, hence the efficacy of this NADES as fractionator for 653 

lignocellulosic biomass remains a conjecture and further research would be necessary for 654 

confirmation.  655 

To close the mass balance the extracted hemicellulose and lignin compounds should also be 656 

valorized further into bio-products. One of the most promising strategies for hemicellulose is 657 

by conversion into its sugar monomers via hydrolysis, which can be used as a feedstock for 658 

the production of a wide range of commodity chemicals or biofuels after further processing 659 

117. Residual lignin is the largest source of aromatic molecules in nature. They are notoriously 660 



39 
 

difficult to purify due to its large heterogeneity, disordered structure and high intrinsic 661 

recalcitrance. Nevertheless, a lot of research has been carried out to produce novel 662 

bioproducts from residual lignin, including phenol derivatives, carbon fibers, bioplastics, 663 

activated carbons118. One of the promising strategies for residual lignin conversion is 664 

thermochemical conversion119 as a means to produce solid bioproducts, i.e., biochar and 665 

activated carbons. 666 

Valorization of common ivy residues via slow pyrolysis 667 

Thermochemical conversion (pyrolysis) is one of the most investigated strategies to 668 

fractionate biomass into different valuable products. By heating the biomass under inert 669 

atmosphere it is fractionated into a gas, liquid and solid phase120. These gas and liquid 670 

phases can be used to produce biofuels. However, the produced gaseous and liquid 671 

compounds are generally very heterogenous and large efforts into their upgrading is needed 672 

to create consumer quality bio-oils from biomass121. Nevertheless, the simplicity, wide range 673 

of applicability and robustness of the technique makes it a suitable technique for biomass 674 

fractionation. Next to the gas and liquid-phases also a solid phase is produced, biochar. 675 

Biochar is the solid residue of biomass slow pyrolysis, when its production is favored, the gas 676 

and oil phases are viewed as residue streams and converted into bioenergy in the form of 677 

heat to provide the intrinsic energy requirements, which results in a carbon-negative 678 

production process120. Moreover, biochar has several beneficial properties (high amounts of 679 

nutrients, increased water retention, improved soil carbon content, …) that promote plant 680 

growth and therefore increase their applicability as green fertilizers122. Other comparable 681 

biomass streams have been successfully converted into well-functioning biochars, e.g., 682 

barley grass123, mallee leaf124 and bamboo125. Recently, Vercruysse et al.21 investigated the 683 
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application of raw and spent CI biomass streams as biochars. The biochars were thoroughly 684 

characterized, and the effects of pyrolysis temperature and pretreatment processes 685 

(extraction with ethanol and steam distillation) were investigated. It was concluded that 686 

extraction with ethanol and pyrolysis temperatures of 400 °C would be the most suitable for 687 

biochar fertilizer application, as the obtained products exhibited a high carbon and nitrogen 688 

content and contained a large amount of nutrients that would prove to be beneficial for 689 

plant growth. Biochars produced from steam-distilled biomass at 700 °C were more suitable 690 

for carbon sequestration, owing to their superior carbon content and biochar stability. To 691 

verify the findings of Vercruysse et al. plant growth experiments should be carried out.  692 

Biochar is a relatively low-value product (436 - 863 EUR/ton126). To add value to the bio-693 

refinery process chain, biochars could be activated, resulting in activated carbon (5000 694 

EUR/ton values averaged from127). Activations can be done using either physical activating 695 

agents (steam or carbon dioxide) or chemical activating agents (KOH or ZnCl2). The main goal 696 

of this activation would be to enhance the porous character of the material, typical specific 697 

surface areas range from 1000 – 2500 m2/g for activated carbons128. Activated carbon 698 

applications are mainly in the field of adsorption, adsorbing pharmaceuticals129, heavy 699 

metals130, 131, dyes132 or gaseous pollutants (CO2, H2, VOC)133. They can potentially serve as 700 

the primary electrode material in next-generation electronic devices, e.g., Li-ion batteries or 701 

supercapacitors. This is a green and feasible way to valorize waste biomass, as demonstrated 702 

by Mensah-Dakwa et al.134, who listed ca. 50 different types of biowastes which have been 703 

successfully converted to activated carbon for these types of applications. Moreover, a 704 

recent study reported the creation of activated carbons from CI. In this study, the impact 705 

and sequence of various demineralization treatments (including a natural deep-eutectic 706 

solvent) on CI trimmings was investigated. It was concluded that CI was a promising 707 
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feedstock for the production of activated carbons, moreover depending on the production 708 

strategy the CI-derived activated carbons would applicable as phosphate adsorbents67. 709 

  710 
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Sustainability and feasibility of the common ivy-based bio-refinery 711 

concept 712 

To date, no studies concerning lifecycle analysis (LCA) of the proposed CI-based value chain 713 

exist. Therefore, the carbon and energy cycles of the proposed process were estimated 714 

based on the available literature21,84,126,135,136. The envisaged process consists of three steps: 715 

the initial cultivation of CI in an urban environment, the extraction of valuable compounds 716 

from this ivy biomass stream, and the pyrolysis of the spent ivy residue. This biochar would 717 

be (in part) reusable as substrate or soil amendment with the added benefit of soil carbon 718 

sequestration. Table 5 presents an estimation of the carbon- and energy balances of the 719 

proposed CI production and its biorefinery process based on calculations elaborated in 720 

Appendix 2. In summary, the E-balance for urban greening was calculated based on a case 721 

study performed by Cameron et al135, regarding the application of CI green facades on a 722 

terraced townhouse, the energy savings determined there were extrapolated towards the 723 

production of 1 ton of wet ivy trimmings. Using a conversion factor this E-balance was 724 

converted into carbon balance. The next part of the assessment started with this 1 ton of 725 

wet biomass and calculated the E and C-balances based on actual extraction and pyrolysis 726 

experiments performed on lab-scale21 and coupled this with data from other studies84,126,136 727 

to obtain reliable estimates on the energy needed for the different process steps (drying, 728 

purification, pumping) as shown in Figure S2.  729 

  730 
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Table 5: Sustainability assessment of a common ivy based bio-refinery concept, calculations based on previously 731 
reported data21 732 

Property 

Urban greenery 

Solvent extraction Slow pyrolysis 
Complete 

bio-refinery 
Urban heating Common ivy cultivation 

Mass balance 

/ 

1000 kg wet biomass 

54.9 kg dry extract 

278 kg dry spent ivy 

biomass 

85.08 kg ivy biochar 

192.97 kg pyro-gas 

/ 

E-balance (kWh/ton 

biomass input) 
-7160 0 + 942 - 396 + 546 

C-balance (kgCO2eq/ton 

biomass input) 
- 1969 - 545 + 259 + 211.5 - 74 

 733 

In summary, the total process (combination of urban greenery service and bio-refinery 734 

approach) is both energy and carbon negative. In one year, a CI-based green wall could save 735 

7160 kWh of energy per ton of produced wet ivy trimming, corresponding to 1969 kgCO2eq. 736 

The valorization of wet ivy trimmings in a bio-refinery process needs an external energy 737 

input of 546 kWh per ton of processed wet ivy trimmings. In this case, the bio-refinery 738 

process would be carbon-negative, removing 74 kgCO2eq per ton biomass input. In Belgium, 739 

around 2 million terraced townhouses exist137, based on the case described in appendix 2, 740 

this would correspond to an external wall surface of 56.4·106 m2 outer wall surface area. 741 

Hypothetically, when this complete wall area would be covered with a dense ivy canopy, this 742 

would yield 112.8 kton of wet ivy trimmings per year. In terms of energy and carbon savings 743 

(combining both urban heating savings and the bio-refinery process, which equals a total 744 

energy saving of 6614 kWh and 2043 kgCO2eq per ton of annually produced trimmings) this 745 
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would result in 746 GWh and 230·106 kgCO2eq. In practical terms, this energy saving 746 

corresponds to the annual heating of 66 000 homes in one year138. In conclusion, a CI-based 747 

bio-refinery process would be worth a more in-depth investigation from a sustainability 748 

point of view. Nevertheless, initial estimations prove its high potential as a sustainable 749 

resource in future biomass-based biorefineries.  750 

  751 
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Conclusions and future perspectives 752 

This study demonstrates the potential of CI as a novel bioresource in a bio-refinery system. 753 

CI biomass would be an ideal candidate to be applied in vertical greenery systems, where it 754 

would improve the city’s overall energy efficiency, reduce the urban heat island effects and 755 

improve overall urban atmospheric quality through PM-capture. Furthermore, CI biomass 756 

holds promise as a resource for the production of a wide array of bioproducts. CI extracts are 757 

already commercially applied to treat bronchial ailments, moreover, in this capacity, it has 758 

potential as a symptomatic therapy to treat COVID-19. Initial research on their efficacy as 759 

anti-cancer or anti-inflammatory agents looks promising, and other medicinal applications 760 

are currently under investigation. Non-medical applications of CI have also received 761 

attention from the scientific community, their anti-fungal properties were demonstrated in 762 

several instances. To promote the circularity of the proposed biorefinery system, research 763 

on spent ivy residues has shown its potential for carbon sequestration and soil remediation 764 

as biochar. The scientific merit of investigating CI as bioresources was even more 765 

substantiated by a first sustainability assessment which indicated that the proposed process 766 

would be beneficial in terms of energy savings and greenhouse gas reduction. In summary, 767 

CI is a biomass stream that should be investigated further to be incorporated into future 768 

green city concepts.  769 

To reach the application phase, further research should focus on the following: 770 

- Study on the seasonal and geographical variation of CI and their effects on the final 771 

composition of the vine should be carried out. Currently, the only reliable dataset 772 

which has reported this only described Eastern and Southern-European sampling 773 

locations70. 774 
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- CI can adsorb PM from air, thereby purifying the atmosphere. However, this PM will 775 

be present in the resulting ivy biomass streams, therefore, the impact on the 776 

resulting biomass composition should be studied. As well as green separation 777 

methods should be investigated to separate unwanted pollutants (e.g., heavy metals) 778 

from the resulting biomass. 779 

- Current CI extraction methodologies still rely heavily on traditional extraction 780 

solvents, the synthesis of which is highly energy-intensive. Therefore, alternative, 781 

more sustainable extraction methodologies should be investigated. 782 

- CI trimmings show promise as a source for a wide range of bioproducts via the 783 

fractionation of its lignocellulosic structure. However, currently no research is 784 

available in this field of research, therefore we advise that this should become a 785 

major focal point for future research towards developing a zero-waste CI-based 786 

biorefinery. 787 

- Investigations towards the application of biochar produced from spent ivy residues 788 

should be carried out, both in the framework of utilizing the biochar as green 789 

fertilizers or growth substrates within urban greening (a recent study showed 790 

promise for using biochar as additive in a green wall substrate139), as well as for other 791 

industrial applications, e.g., as a replacement for coal in the steelmaking industry. 792 

- CI trimmings have the potential to be used as feedstock for advanced carbon 793 

materials, e.g., activated carbons, carbon nanodots, or hard carbon. However, this 794 

has rarely67 been studied before and should become a major focal point in future 795 

research. 796 

- A thorough lifecycle analysis of CI as a bioresource should be carried out, to assess 797 

the environmental impact of the proposed valorization process. 798 
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