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ABSTRACT 

Utilization of by-products by adopting circular economy principles can 
bring environmental, economical as well as social benefits. How this could 
be achieved in horticulture sector in Finland, and thus increase co-operation 
and create new business opportunities related to horticulture, is the main 
aim of an on-going national research project called ‘Circular economy in 
horticulture – new value and business opportunities’. One part of the project 
was to study valuable ingredients in by-products and their potential use in 
different applications. In this literature study possible cosmetic ingredients 
and compounds which can be extracted out of by-products of 26 different 
plants, commonly cultivated in Finland, were studied.          
 
There is no European legislation specific for natural cosmetics, but different 
certification systems exist. A good reason to use natural compounds is that 
it is friendly to environment and animals; furthermore natural compounds 
could replace some of the criticized synthetic ingredients. On the other hand 
natural ingredients cannot reach the range of synthetic compounds, like all 
the shades of colours or the variety of fragrance by now. The most common 
extracts out of vegetables or fruits that are used, are colours, preservatives, 
fragrances, peeling agents and oils. Both advantages and disadvantages 
about the using and processing of ingredients for natural cosmetics are 
discussed. Furthermore extraction methods like steam distillation and 
supercritical carbon dioxide extraction are explained. In addition there are 
detailed information about the plants with known use or potential for 
cosmetics industry. 
 
The references used in this literature study were mostly from internet 
sources, like research reports of different fields, e-journals and patents. The 
sources are in English, German and Finnish languages. Based on these 
literature studies, four fruits and four vegetables were concluded to have the 
most potential to be used in cosmetics industry. These are different parts of 
apple, blackcurrant, sea buckthorn and strawberry, as well as onion, white 
cabbage, lettuce and tomato. Some of the extracts are already used in small 
amounts in cosmetics in Finland or other countries.  
 

Keywords By-products; cosmetics industry; horticulture; fruits; vegetables  
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PREFACE  
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partners involved in the project are Häme University of Applied Sciences (HAMK), 
Natural Resources Institute Finland (Luke) and ProAgria Österbottens Svenska 
Lantbrukssällskap (ProAgria ÖSL). The project is funded by the Rural Development 
Programme for Mainland Finland 2014-2020.  

We would like to thank the project for the working opportunity with this interesting 
subject. Special thanks to our supervisors, project manager Maritta Kymäläinen and 
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1 INTRODUCTION 

There is an increasing demand to decrease the amount of biowaste. 
Likewise the horticultural sector in Finland is trying to find new ways to 
prevent biowaste and to utilize side streams. A three year lasting nationwide 
project ArvoBio (Circular economy in horticulture – new value and 
business opportunities) is trying to answer to this demand. The project aims 
at adding the value of horticultural production in Finland by finding 
innovative ways of utilization of side streams, for example by searching 
valuable fractions to industrial raw materials, like biocomponents, fibres 
and oils. Expected benefits of AroBio project are: new entrepreneurship, 
jobs and type of cooperation in horticultural value chains, which can 
improve Finland’s competitiveness.  
 
Within the ArvoBio-project an aim was set to search by-products of 
vegetables and fruits to raw material for cosmetics industry’s purposes. First 
it was studied which by-products are already used in cosmetics 
commercially, how they are used, and what type of studies have been done 
worldwide concerning the subject. This present study, Horticultural by-
products in Finland for potential use as cosmetics ingredients, encompasses 
widely cultivated fruits and vegetables from open field and greenhouse 
production in Finland. A literature based study was done for 26 plants, 
which are listed in the next chapter (Focus of literature study).  
  
The horticultural by-products originate from cultivation of vegetables and 
fruits in open field and greenhouse production, but they also come from 
food industry, warehouses and retail. By-products and side streams from 
these sources can consist of leaves, stems, roots, pulps, seeds, peels, II-class 
fruits, vegetables or process waters. For example by-products from 
strawberry are pulp and seeds from juice and jam industry and vital leaves 
from runners. How much biomasses are needed, for example, to extract 
certain amount of oil or compound, and what extraction methods are used 
or could be used to get valuable ingredients and compounds, were also 
studied. 
 
The study, Horticultural by-products in Finland for potential use as 
cosmetics ingredients, was carried out by students from Häme University 
of Applied Sciences, Degree Programme in Biotechnology and Food 
Engineering and Degree Programme in Horticulture.  
 
 

2 FOCUS OF THIS LITERATURE STUDY 

Horticultural by-products in Finland for potential use as cosmetics 
ingredients is a literature based study. Literature was mainly found from the 
Internet including research reports from e-journals of food industry, food 
chemistry, cosmetic science, cosmetic dermatology, and also from existing 
legislation and patents and from information given by natural cosmetics 
producers. The main focus in this study was in the latest researches, but on 
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the whole, sources varied from 1997 to year 2016. Source languages in this 
study were English, German and Finnish. 
 

2.1. Criteria of studied plants 

All 26 plants, which were chosen to the present study, except rose, are 
commonly cultivated in Finland, either in greenhouses or open fields. 
Therefore a lot of by-products originate straight from primary production 
and from the whole food chain. Due to the fact that they all are plants used 
as human food, there are great possibilities that they could be used as natural 
ingredients in cosmetics industry. Although rose is growing well in Finland, 
it is not commonly cultivated. Because of the current health trend and high 
content of compounds, with known health effects in rose, rose was also 
included in this study.   
 

2.2. List of studied plants 

 
Apple (Malus domestica) 
Beetroot (Beta vulgaris) 
Blackcurrant (Ribes nigrum) 
Broccoli (Brassica oleracea)  
Brussels sprout (Brassica oleracea Gemmifera-Ryhmä) 
Carrot (Daucus carota subsp. sativus) 
Cauliflower (Brassica oleracea Botrytis-Ryhmä) 
Celeriac (Apium graveolens Rapaceum-Ryhmä) 
Celery (Apium graveolens Dulce-Ryhmä) 
Cucumber (Cucumis sativus) 
Green bean (Phaseolus vulgaris) 
Lettuce (Lactuca sativa) 
Lingonberry (Vaccinium vitis-idaea) 
Onion (Allium cepa) 
Parsnip (Pastinaka sativa) 
Pea (Pisum sativum) 
Potato (Solanum tuberosum) 
Pumpkin (Cucurbita pepo) 
Redcurrant and whitecurrant (Ribes rubrum) 
Rose (rosehip) (Rosa spp.) 
Sea buckthorn (Hippophaë rhamnoides) 
Strawberry (Fragaria x ananassa) 
Swede (Brassica napus subsp. napobrassica) 
Tomato (Solanum lycopersicum) 
White cabbage (Brassica oleracea) 
Zucchini (Cucurbita pepo subsp. pepo convar. giromontiina) 
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3 NATURAL COSMETICS 

3.1. Definition 

In Europe there is no standardized regulation or law specific for nature 
cosmetics, but the ‘Bundesministerium für Gesundheit‘BMG (Federal 
Ministry for Health in Germany) has published a definition. It says that 
nature cosmetics designates products, whose natural ingredients are based 
on vegetable material, but also out of animal and mineral resources. The 
production is animal and environmentally friendly and the handling is 
mostly based on physical, microbiological and enzymatic methods. Harmful 
contaminations and synthetic ingredients are to be eliminated (BMG.n.d.).  
 

3.2. Certification 

Regulation (EC) N° 1223/2009 on cosmetic products is the main regulatory 
framework for finished cosmetic products when placed on the EU market. 
Because the term natural cosmetics and similar phrases is not described in 
this regulation, every company can interpret it in their own way. Also the 
fact that animal based and mineral compounds can be used, is not obvious 
for every consumer (BMG.n.d.).  
 
Therefore different associations have been founded to certify natural 
cosmetics. With a certification a company can verify, that they confirm the 
conditions, which are demand of them by the respective association.  
 

3.2.1. Certification systems for natural cosmetics 

 
In Germany there are two big certification systems, in Finland there is one 
main label (Table 1). The first important system of Germany is COSMOS-
Standard AISBL (Cosmetics Organic Standard Association Internationale 
Sans But Lucrafit), which is a union of different European certification 
associations and it combines all their basic requirements. ICADA, another 
important certification label, is very similar to them. The second system in 
Germany is NaTrue, a union of different producers (GfaW 2012, 4-7).  
 
The label for nature cosmetics in Finland is Certified Natural Cosmetics FI-
Natura. It has similarities with NaTrue, Cosmebio and BDIH (Finatura 
n.d.). 
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 Table 1. Natural certification systems 

Name and Label Requirement 
COSMOS   
Cosmetics Organic 
Standard; 
International 

 

 
Natural: 
- Green chemistry: no nano-particle, 
regulations about the packaging 
Organic: 
-  ≥ 95 % of the animal and plant based 
compounds out of controlled biological 
cultivation  
- ≥ 20 % of the whole product out of controlled 
biological cultivation CBC 
- Green chemistry 

BDIH 
Bundesverband 
deutscher Industrie und 
Handelsunternehmen 
für 
Arzneimittel, 
Reformwaren, 
Nahrungsergänzungsmi
ttel und 
Körperpflegemittel e.V. 

 

 
Listed raw materials out of CBC 
- No animal based compounds out of 
vertebrates 
- Some selected preservatives, marked on the 
packaging  
- A few limited chemical treatments are 
allowed 
- ≥ 95 % of the animal and plant based 
compounds in organic quality controlled by an 
international organisation  

ECOCERT 
International  

 

 
Packaging material recyclable or out of 
biodegradable material 
Natural: 
- ≥ 95 % of the ingredients natural based 
- ≥ 50 % of the plant based raw material out of 
CBC 
Biological: 
- ≥ 95 % of the ingredients natural based 
- ≥ 95 % of the plant based raw material out of 
CBC 

ICADA 
International Cosmetic 
and Device Association 

 

 
-  Defined plants out of CBC 
- All compounds that exist in the nature as well 
as natural changes are allowed 
- No raw material out of natural protected 
animal beings 
- Compounds with no proven sustainability and 
environmental safety are forbidden 
- Only for professional products 

NaTrue  
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Association of German 
natural cosmetic 
producers 

 

Differentiation of ingredients: 
1. Natural compounds: 
- Plant and animal based, inorganic-mineral 
- Only physical and enzymatic/ biological 
methods  
2. Nature close compounds: 
- Recover out of natural compounds 
- Some limited and defined chemical methods 
allowed 
3. Nature similar compounds: 
- Listed preservatives 
- Inorganic pigments 
 
Nature cosmetics with biological part: 
 ≥ 70 % of natural or nature similar compounds 
out of CBC 
Biological cosmetic  
- ≥ 95 % of natural or nature compounds need 
to be out of CBC 
 
Carrier materials 
- Same requirements like nature and nature 
close compounds out of renewable sources 

FI- Natura  
Certified Finnish 
Natural Cosmetics 

 

 
- ≥ 95 % of the ingredients natural based 
- Plant based raw material out of CBC or wild 
plants from controlled or unpolluted areas 
- Only plant based oils and fats 
- Allowed animal based ingredients: beeswax, 
honey and wool grease- maximum 5 % 
synthetic ingredients are allowed, but none 
forbidden 
- Environmentally friendly and recyclable 
packaging 
- Recommendable local production and short 
transportation distances 

 
 

3.2.2. Additional certifications 

Besides the natural certification systems there can be additional labels, 
which are not focused on cosmetics, but are as well environment friendly 
and focus on social aspects. Some common systems are FSC, Vegan, 
FairTrade and some Against animal testing, as shown in Table 2. (GfaW 
2012, 4-7). 
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Table 2. Additional certification systems 

Name and Certification Label Requirements 
FSC 
 

Wood and paper production based on 
worldwide unified and independent 
economic and social standards 

Vegan  - No animal based raw material, side 
products or  derivate 
- Final products and compounds are not 
tested on animals 

IHTK   - No ingredients that are tested on 
animals after 1979 

- No compounds for which animals have 
to die  

- No cruelty to animals 
Leaping Bunny 
 

- International association for cosmetics 
and products for household without 
animal testing 

- No animal testing in connection with 
the company 

- For ingredients no animal had to die or 
suffer 

FairTrade 
 

- Against poverty 
- Fair trade with farmers 
- Money for joint projects in developing  

countries which help the general 
public 

- No illegal child labour 
 

 

3.3. Pros and cons 

The demand for natural ingredients and natural cosmetics are raising. There 
are positive as well as negative aspects (Table 3) which have to be 
considered in the production of safe products.  
 
Table 3. Pros and cons about natural cosmetic 
 

Pro Contra 
Chemical treatments are very 
limited  
(Markowetz 2010, 1) 

Natural ingredients are associated 
by customers with something good    
→Not all of them have a proven 
effect (Markowetz 2010, 1) 

The manufacture is often friendly 
to environment and to animals 
(Verbraucherzentrale 2015) 

Essential oil and natural ingredients 
have a higher allergic potential 
(Verbraucherzentrale 2015) 
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Stronger rules against animal 
testing (Verbraucherzentrale 2015) 

 
For new detected chemical 
compounds REACH- regulation 
counts 
→ tested on animals, even if they 
can be used in cosmetics 
 (GfaW 2012, 6) 

Tests for pureness and safety 
assessment are necessary  
- in-vivo studies 
- in-vitro studies 
- other tests for establishing new 
ingredients  
(Markowetz 2010, 1) 

Some common polluting 
ingredients are not allowed 
- mineral oil based compounds 
- micro plastics 
(Verbraucherzentrale 2015) 

Natural ingredients are often a good 
medium for microbial growth 
→ Conflict with less conservation  
(Ellsässer 2013, 8) 

More raw material out of controlled 
biological cultivation 
(Ellsässer 2013, 8) 

Lower possible range of the 
products 
- worse sun screen  
- colours and fragrances are limited 
(Ellsässer 2013, 8) 

 

3.4. Natural vs synthetic 

Natural cosmetics has some general advantages and disadvantages, but also 
in different products compared to synthetic compounds. Furthermore there 
are possibilities to replace some criticized synthetic ingredients.  
 

3.4.1. Colours 

Colours in cosmetics are regulated in the ‘Regulation (EC) N° 1223/2009 
of the European Parliament and of the council of 30 November 2009 on 
cosmetic products’ in Annex IV, ‘List of colorants allowed in cosmetic 
products’ which includes 15γ different colours (European Parliament β009, 
118-133).  
 
On the packaging they are marked with colour index CI and a number with 
five digits, so the consumers do not see what kind of colour it is. There are 
different groups of colours. Synthetic colours, which are mostly azo dye, 
nature-identical and natural colours (Table 4), pigments, which can be 
organic as well as inorganic, oxides, and minerals (Ellsässer 2013, 59-60). 

 
There are also some colours that are forbidden and some with application 
restriction, because the list of colours is not for hair colours or colours that 
are used for tattooing (Platzek, Krätke, Klein, Schulz 2005, 76-77). 
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Table 4. Plant based natural colours and possible origins  
 

Colour    Plant    
carotene    
→ orange 

 

carrot    
sea buckhorn    
gooseberry (just a few)    
sweet pepper    
potato    
apple    

betanin    
→ purple 

beetroot    

anthocyane   
→ red to blue 

 

raspberry    
blackcurrant    
blueberry    
strawberry    
apple    
cherry    
plum    
sweet pepper    

juglone    
→ brown  

walnut    

chlorophyll     
→ green 

apple    
cauliflower    
broccoli    
pea    
green bean   
cucumber    
zucchini    
lettuce    

rutin 
→ yellow to orange 

sea buckthorn    

lycopene    
→ red 

rosehip    
tomato    

curcumin   
→ yellow 

sweet pepper   

 
 Link to colours file. 

 
 
Lots of colours in the list with application restriction are only scheduled for 
short contact with the skin. Furthermore more than 500 azo dye for hair 
colour, which are not forbidden, are questionable, and there are always new 
compounds in development. Azo dye can split in aromatic amine like 
aniline. This can oxidise haemoglobin, so the oxygen transport in the body 
is inhibited. That can cause headache, reduced consciousness or difficulties 
in breathing (Faßhauer 2014). 
 

 

 

 

 

 
 

https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=ErmYvPkswj1M6jHL2Zi1ABnb0VFrkmdWn05KKxkHJd8%3d&docid=19cec69d34a014618aa7370ba339ae101
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Furthermore, the aromatic amine can have mutagenic or carcinogenic 
potential. The split can be initiated from the bacteria on the skin (Platzek, 
Krätke, Klein, Schulz 2005, 76-77).  
 
On the other hand synthetic colours are resistant against heat, (uv-) light, 
and chemical influences. In addition they have often a higher intensity and 
a wider range of different shades (Pharmogena GmbH 2014). 
 

3.4.2. Preservatives 

Preservatives are important for products with natural ingredients, because 
they are usually vulnerable to spoilage by microbial growth. So the safety 
of natural cosmetics products must be carefully quaranteed (Cosmetics 
Europe n.d.). 
 
All 57 ingredients with preservation effect as main benefit, that can be used 
in cosmetics, are listed in Annex V of the ’Regulation (EC) N° 1223/2009 
of the European parliament and of the Council of 30 November 2009 on 
cosmetic products’, the ‘List of preservatives allowed in cosmetic products’ 
(European Parliament 2009, 134-142). But there are also other compounds 
that can have a preservation side effect. The main aspect for using them is 
different, so they are not listed in Annex V, but are not forbidden. 
 
Preservatives have two functions, on the one hand an antimicrobial and on 
the other hand an anti-oxidative effect. They are mixed in the formulations, 
so the product is stable and the consumer is not at risk when products are 
used. Microbiological contamination can cause skin problems (Cosmetics 
Info 2016). 
 
Furthermore, bathrooms are often warm and humid and offer good growth 
conditions for bacteria and other microbes. With preservatives containing 
only natural ingredients it has not been possible to reach the same effect, 
than with synthetic preservatives, because most natural preservatives are not 
active against a broard range of microbes. Essential oils achieve the best 
results, but they would have to be used in high concentration and the 
fragrance or colour of them may not be wanted. Furthermore, some of them 
have allergic potential and the effect of some get loose while production 
(From Nature With Love 1997-2016). 
  
Some preservatives, like benzoic acid, could be extracted out of berries, but 
it can also be produced synthetically, which is cheaper and easier. But they 
could be used, if the formulation should be natural (Evira n.d.). 
 
Furthermore, they are not as much discussed as other synthetic 
preservatives, like parabens (SCCS 2010). 
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3.4.3. Fragrances 

Fragrance has to be marked on the packaging of cosmetics products in the 
ingredients list. It can also be found under the name ‘perfume’. β6 of all 
fragrances have to be listed with their INCI name, because they are known 
for their higher allergic potential. These substances are as well synthetic as 
natural (IKW n.d.). These β6 substances are listed in Annex III ‘List of 
Substances which cosmetic products must not contain except subject to the 
restriction laid down’ in the Regulation (EC) N° 1223/2009, among other 
substances with different type of usage (European Parliament 2009, 70-117) 
 
In the cosmetics production there are more than 3000 different components 
and in the perfumery manufacturing more than 100 different components, 
which can be used for one product (gesund.co.at n.d.). 
 
Natural fragrances are often essential oils, which are distillates with steam 
or water out of raw fruits, flowers, herbs, leaves, seeds, roots or wood, so 
they are not bad for the environment. Most of them are not that long lasting, 
so natural fixatives from resins, myrrh and frankincense can be used, as well 
as natural waxes (Purer Perfume Oils 2015). 

 
Table 5. Natural vs. synthetic fragrances 
 

Natural  Synthetic 
Can be cytotoxic 
(Lens 2015) 

A lot are not tested very well 
→ no final statement about the 
possible effects on body and 
environment  
(naturalbeauty.de 2016) 

Can cause allergic reactions  
(Lens 2015) 

Can cause 
- headache 
- nausea 
- dizziness 
- exhaustion 
- depression  
-allergic reactions (naturalbaeuty.de 
2016) 

In consequence of the mixtures it is nearly impossible for skin doctors to 
find out, which component exactly is the cause (naturalbeauty.de 2016) 
 
Natural fragrances are limited, 
sometimes even rare 
(POUR le MONDE 2015) 

About 95 % of the components in 
perfumery  
→ bigger range  
→ more opinions to create products 
with more different notes  
(POUR le MONDE 2015)  
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Some are animal based,  
for example musk. The winning of 
them is often cruel  
(Pure Perfume Oils 2015)  

Some of the most famous 
perfume like Chanel No.5 
would not exist without 
syntetic ingredients 
(McKay 2015) 

Have to be imported from around 
the world 
→increase environmental pollution 
and makes them more expensive 
(POUR le MONDE 2015) 
 

Often petrochemicals (derived from 
petroleum or natural gas) 
→ can cause environmental 
problems 
(POUR le MONDE 2015) 
 

Risk for reactions 
→for example in the sun  
(McKay 2015) 

Stronger stain power  
(POUR le MONDE 2015) 

 

3.4.4. Peelings 

 
Facial peelings are used to get a cleaner and fresh looking skin. There are 
different types of facial peelings: chemically, enzymatically, physically or 
mechanically active principle. Often in chemical peelings AHA’s (α-
hydroxy-acids) or retinol acid are used. For the therapy expertice is 
necessary; retinol acid is forbidden in retail cosmetics in Europe and only a 
dermatologist is allowed to do the treatment. Chemical peelings are 
stimulating the microcirculation of the blood, and irritating the skin, so the 
cell generation and regeneration rise. But there is also the risk of permanent 
damaging. Furthermore the skin is getting more sensitive and needs a lot of 
care. After every contact with the acid, it takes about one week to heal. The 
enzymatical peeling is only working on the uppers layers of the skin. 
Proteins hold the cells of the corneal layer of the skin together, while using 
this peeling, with compounds like papain or bromelain, they split and the 
dead cells can be washed away easily. For the physical peeling laser is used. 
It takes away the upper skin layer, while the patient is under full or local 
anaesthetic. The healing process needs about one week. Until all redness is 
disappeared, it can take some months. This peeling method is mostly used 
against wrinkles or scars. While performing the mechanical peeling, gloves 
or brushes can be used, but also liquid soaps with exfoliative compounds 
inside, the most common are micro plastic bands. The peeling stimulates 
the micro circulation under the skin and intensify the natural desquamation. 
Furthermore, it has no side effect (Lautenschläger 2009, 56-58). 
  
However, mechanical peeling is in discussion, because of the micro plastic.  
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These particles are 5 µm to 5 mm in 
diameter and are also used in other 
products like toothpaste. This micro 
plastic is, in addition to larger plastic 
products like bottles, a huge problem 
for the environment. They get in the 
wastewaters and end up in the oceans. 

On the way harmful substances can add and cause infections to shells, crabs 
and other animals if they eat them. In the end, they come back in food chain 
and can be a risk for people, too. So the demand to alternatives is high, but 
there are already some solutions. Sand and nutshells, as well as bran can be 
used, but they are quite aggressive and abrasive, so it is no solution for 
sensitive skin. Also salt and sugar are in some products, but because they 
are soluble in water they cannot be used in every formulation. A really good 
alternative could be biological waxes (Hagedorn 2014). Some examples for 
this are beeswax, candelilla wax or sunflower wax, a by-product of the 
manufacturing of sunflower oil (Pörschke).   
 

3.4.5. Oil 

For cosmetic products three types of oils can 
be used. Mineral oils, in form of a long chain 
hydrocarbons or silicon oils which are 
synthetic polymers of oxygen and silicon are 
from the earth. Mineral oils and silicone oils 
are very similar. On the other hand there are 
natural oils out of different plants, which are 
mostly in form of triglycerides. Natural and 

synthetic oils are compared in Table 6. 
 

 
 
 
Table 6. Natural vs. synthetic oils 
 

Natural Synthetic 
Move into the skin, don’t stay as a 
layer on top 
→ higher effect 
(Marieke 2014) 

Building a layer on the skin 
→ trans epidermal water loss 
(TEWL) is reduced 
→ fresher looking skin 
(Beyer) 
Does not let out sweat,  
→ skin gets swollen 
→ after returning the product the 
TEWL is higher than before 
→→the natural skin balance gets 
disturbed (Beyer) 

Mixture of a lot of different 
compounds 

Used for a long time 
→ good compatibility is proven 

Picture 1. Micro Plastics 

Picture 2. Natural oils 
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→ allergic potential 
(Marieke 2014) 

(Marieke 2014) 

Not waterproof 
→ lipstick has to be applicated 
more often 
→ mascara does not hold against 
tears 
(Marieke 2014) 

Hydrophobic 
→ waterproof 
 (Marieke 2014) 

Possibility for oxidisation 
→ get rancid  
(Marieke 2014) 

Longer storage life 
(Marieke 2014) 

More expensive (Marieke 2014) Missing active ingredients 
(Marieke 2014)  

 Non-biodegradable 
→ enrich in the environment 
 (Kosmtik-Check.de) 

 

3.5. Separation methods 

For the recovering and separation of cosmetic ingredients out of plants, a 
lot of methods can be used. Two of the most important ones are the 
supercritical carbon dioxide method and the steam, also water distillation.  
Nonetheless alcohol extracts, drying methods and a lot of other processes 
can be used, depending on which result is wanted.  For the winning of seed 
oils, the seeds have to be separated of the other parts of the plants. There 
are different methods how this could be done, for example the flotation, the 
sedimentation or some different sieving methods.  
 
 

3.5.1. Supercritical CO2 

The supercritical fluid extraction (SCFE) is a good method to win oils and 
extracts out of plants. In the example of carbon dioxide it connects the 

Picture 3. Extraction Method with supercritical CO2 
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benefits of liquids and gas, because in liquid form it has a high absorption 
capacity, but it is easy to separate, when it turns into a gas (Sabinsa).  
At first the liquid CO2 flows from a vessel, through a compressor and a 
heater, to increase it to supercritical conditions. When it has reached this it 
adsorbs the extracts or oils in the extractor. The mix is separated into the 
extract and carbon dioxide in gaseous form. In the condensator it is cleaned 
and cooled down to liquid form and is reverted to the storage tank (Harrison, 
Mustain, Williams 1997).   

 
 

3.5.2. Steam distillation 

First the water is heated until it turns into steam. The steam condensates on 
the plant material and the essential oil diffuse out of it. A mix of water and 
oil is the outcome of it. Because the partial vapour pressure of the oil and 
the steam are added together, the mixture vaporize already at a temperature 
around 100 °C, reached by more steam. The boiling point of oils normally 
is over this temperature.(Rinder, Bomme, LBP 1998, 2+3).  
 
After the distillation process the mixture is cooled down and it condensates. 
Because the fluids have a mixing gap, they can be easily separated (Coppen 
1995. 107). The leftover plant material can be used as natural fertiliser. 
 
 
 

 

3.5.3. Flotation 

The flotation is working with different wettability of particles. Particles are 
in a medium and gas is flown through the medium. The more hydrophobic 
particles surface on the top of the medium and can be taken away (Spektrum 
1998).  

Picture 4. Steam distillation 
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Picture 5. Flotation 

3.5.4. Sedimentation 

The sedimentation is based on different density of the particles. The parts 
are in a tank with a medium, and sink to the ground, the ones with higher 
density are faster, so they build layers. These layers can be separated 
(Wegelin 1996).  
 
 

 
Picture 61. Sedimentation 

 

3.5.5. Examples of methods for separating ingredients from horticultural biomasses 

Table 7. Examples of separation methods used 

 
Method Ingredients 
Steam distillation Carrot leaf extract 
CO2 Seed Oil  

- Apple 
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- Berries 
- Tomato 

White cabbage leaf extract 
Flotation and sedimentation Separation of seeds 

- Apple 
- Berries 
- Tomato 

 
 

4 RESULTS 

Alltogether 26 plants, which are listed in the second chapter (Focus of 
literature study) were included in this study. Over time searches were more 
focused around 14 plants, which showed up promising information 
according to the aims of this study. 6 fruits and 8 vegetables were chosen 
and in this chapter findings are discussed. Also main production areas of 
the most potential plants and matters worth noticing are presented. 
Examples of producers of cosmetics and producers of ingredients of 
cosmetics in Finland are listed. Within this study also an excel file was 
made; in the file all 26 original plants are introduced in one look. One has 
access to the excel file of every plant. References are in comments. To 
support the results, in Annex 1, the active ingredients of natural cosmetics 
are listed. 
  

4.1. Promising fruits for cosmetics ingredients 

4.1.1. Apple 

 
Picture 72. Apple (Malus domestica) 

 
Apple derived ingredients for cosmetics are numerous. Safety assessments 
have been made to flowers, fruits, bark, carpels, leaves, peels, roots, seeds 
and stems. A detailed review out of these ingredients (Safety Assessment of 
Pyrus malus (Apple) –derived Ingredients as Used in Cosmetics) has been 
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published by Bergfeld et al. (2015). The descriptions of how these 
ingredients are used in cosmetics are within this link.  
 
By-products of apple can be any of the previously listed, but leaves, stems, 
peels, pulp and seeds are by-products, which are produced in big quantities. 
Leaves originate from summer time treatments, stem biomass is available 
both in spring and summer. Peels, pulp and seeds are available from juice 
industry and fromwineries. Only stems are not discussed, because reports 
about their use were not found by the authors of this study. 
 
The antioxidant potential of apple leaves was studied in a Polish study 
(Cyboran, Bonarska-Kujawa, Kapusta, Oszmiański leszczyńska β011). 
Researchers found out that apple leaf extract had good antioxidant activity 
and could be noteworthy for industry of cosmetics as an additive for creams. 
The antioxidant activity was lower, than Trolox ®’s, which is synthetic 
vitamin E and used in cosmetics as an antioxidant.   
 
Apple pomace has been widely studied during last years. In juice and wine 
industry apple pomace which consists of peels, seeds, cores and kernels 
(O’Shea, Ktenioudaki, Smyth, McLoughlin, Doran, Auty, Arendt & 
Gallagher 2014) is generated in high quantities during juice presssing (30 
% of apple). Grigoras, Destandau, Fougère and Elfakir (2013) studied apple 
pomace and found out that still after pressing, pomace contained important 
bioactive compounds. These compounds were different phenolics and 
triterpenes. Identified phenols were, among others, gallic acid, chlorogenic 
acid, catechin, rutin and phloridzin, while identified triterpenes were ursolic 
acid and oleanolic acid (Grigoras, Destandau, Fougère & Elfakir 2013). 
 
Apple seed oil is produced from the waste of cultivated apples. It has been 
shown that cold pressed apple seed oil is a source of unsaturated fatty acids, 
has high content of linolenic and linoleic acids, and is especially rich with 
oleic fatty acid. In oil-in water emulsions apple seed oil acted stable 
(Krasodomska & Jungnickel 2015, 468-475). Apple seed oil was also 
studied by Górnas in Latvia, who used by-products from juice and fresh cut 
fruit salad production. He found out that apple seed oil is rich in α-
tocopherols and -tocopherols (Górnas 2014, 129-134).  
 
In commercial products apple seed oil is used for numerous reasons, for 
example it is claimed to be anti-ageing, UV-protectant, cleansing, 
lightening and softening (12 astonishing benefits of apple seed oil for skin 
n.d.). Apple peel powder is also used in cosmetics and personal care 
products as exfoliant. Exfoliants help to remove dead skin cells from skin 
surface (Pyrus Malus (Apple) Fruit Extract n.d.). Apple peel wax with 
INCI-name Pyrus Malus Peel Cera is obtained from apple peels and is used 
in skin conditioning (Pyrus Malus Peel Cera n.d.). INCI means International 
Nomenclature of Cosmetic Ingredients (Kansainvälinen luokitus 
kosmeettisille valmistusaineille) and is used in Europe to unify and clarify 
nomenclature of cosmetic ingredients (Kosmetiikan raaka-aineita n.d.).  
 
More information on apple. 
 

https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=Nhu3hU%2bttyRCO23wiGtokgLVmMIcnPaBw5W1BckxPK8%3d&docid=1b13283a4e6544da39d72b3c8bebe101c
https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=Nhu3hU%2bttyRCO23wiGtokgLVmMIcnPaBw5W1BckxPK8%3d&docid=1b13283a4e6544da39d72b3c8bebe101c
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4.1.2. Blackcurrant 

 
Picture 8. Blackcurrant (Ribes nigrum) 

By-products from blackcurrant are peels and seeds, which are both juice 
industry’s and Finnish berry wine production’s side streams.                                                  
Antocyanins, other phenol compounds and their antioxidant activity in 
blackcurrant peels after pressing, freezing and extracting has been studied. 
Pressed peels had still large amount of phenolic compounds, especially 
antocyanin compounds (Lapornik, Prošek & Wondra β005, β14-222). 
Phenol compounds are strong antioxidants and presumably they can control 
the reproduction of bacteria and viruses (Marjat ylivoimaisia 
fenoliyhdisteiden lähteitä 2006).  
 
In a Polish research blackcurrant seeds were cold pressed and pressed oil 
was studied. The seed oil was found to be a source of unsaturated fatty acids 
and it had high contents of linoleic and linolenic acids, which are known to 
protect skin against UV-radiation. Seed oil functioned good in oil-in-water-
emulsions (Krasodomska & Jungnickel 2015, 468-475).  
 
Blackcurrant (wild) berry seed oil:   Seeds of berry weight is 4,9%  Weight of 100 seeds is 90 mg  Seed oil percentage from dry weight is 15,9 %  7,2 g oil/ berry kg (Törrönen 2006) 
 
Blackcurrant seed oil is already extracted commercially with supercritical 
CO₂ extraction method by Aromtech Oy in Finland. The company is 
recommending to use it in sun care and skin soothing products, with hair 
care as a scalp tonic (Aromtech Oy 2012). Lumene Oy is using widely 
blackcurrant seed oil in creams, lotions and for example in lipbalm (Lumene 
Oy 2016). 
 
More information on blackcurrant. 

https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=Nhu3hU%2bttyRCO23wiGtokgLVmMIcnPaBw5W1BckxPK8%3d&docid=1b13283a4e6544da39d72b3c8bebe101c
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4.1.3. Lingonberry 

 
Picture 9. Lingonberry (Vaccinium vitis-idaea) 

By-products from lingonberry, obtained in juice industry, are peels and 
seeds.                                       
Researches at Teknologian Tutkimuskeskus VTT Oy (Research Center of 
Technology) are suggesting that berry extracts, like lingonberry extract, 
could be used as a preservative in hygienic products (Savolainen 2014, 
Helsingin Sanomat 14.2.2014). Lingonberries are rich with antocyanins, 
which are anti-inflammatory.  
 
By extracting the lingonberry seed oil with the supercritical CO₂ extracting 
method, the composition and antioxidant activity of seed oil was studied. In 
result they discovered that it contains major amounts of -tocotrienol (Yang, 
Ahotupa, Määttä & Kallio 2011, 2009-2017).  
 
Lingonberry (wild) seed oil:  Seeds of berry weight is 1,4%  Weight of 100 seeds is 30mg  Seed oil percentage from dry weight is 30,6%  4,1g oil/ berry kg (Törrönen 2006) 
 
Lingonberry seed oil is already extracted commercially with the 
supercritical CO₂ extraction method by Aromtech Oy in Finland. They 
characterize lingonberry seed oil to be hydrating, lightening and anti-ageing 
(Aromtech Oy 2012). Lumene Oy is using lingonberry seed oil in 
foundation cream (Lumene Oy 2016). 
 
More information on lingonberry. 
 
 

  

https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=Nhu3hU%2bttyRCO23wiGtokgLVmMIcnPaBw5W1BckxPK8%3d&docid=1b13283a4e6544da39d72b3c8bebe101c
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4.1.4. Ribes rubrum Group (redcurrant and whitecurrant) 

 

               
Picture 10. Redcurrant (Ribes rubrum)                   Picture 11. Whitecurrant (Ribes rubrum) 

 

By-products, which come in to question with red- and whitecurrant, are 
peels, pulp and seeds. These are side streams from juice and jam industry, 
or from Finnish berry wine production.  
 
The antocyanins, other phenol compounds and their antioxidant activity 
were studied from redcurrant peels after pressing, freezing and extracting. 
Researches showed that pressed peels had still large amount of phenolic 
compounds, especially antocyanin compounds, although the amounts were 
not as high as with blackcurrant seeds, which were also studied in the same 
research (Lapornik etc. 2005, 214-222).  
 
Seed oil from redcurrant is a good source of essential linoleic and α-
linolenic acids. Yang etc. found also out that northern currant seed oil has 
especially high contents of -linolenic and stearidonic acid (Larmo, 
Ulvinen, Määttä. & Judin 2012, 34-35).  
 
Redcurrant seed oil is commercially extracted with the supercritical CO₂ 
extraction method in Finland by Aromtech Oy. They recommend to use oil 
in sun care products and for the sake of soothing properties in skin care. In 
hair care seed oil is primarily used as a scalp tonic (Aromtech Oy 2012). 
 
More information on red- and whitecurrant. 

https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=Nhu3hU%2bttyRCO23wiGtokgLVmMIcnPaBw5W1BckxPK8%3d&docid=1b13283a4e6544da39d72b3c8bebe101c
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4.1.5. Sea buckthorn 

 
Picture 12. Sea buckthorn (Hippophaë rhamnoides) 

By-products from sea buckthorn are pulp, peels, seeds and leaves. Pulp, 
peels and seeds are side streams from juice and jam industry. Leaves come 
into question, when branches are cut in harvesting time and are very often 
left unutilized.  
 
’Sea Buckthorn Yellow’ is a pigment that can be produced from berries, 
pulp or pressed juice. The pigment contains flavones, carotenes and Vitamin 
E. The biggest yield of Vitamin E is in the oil extracted from sea buckthorn 
pulp, then juice oil and the lowest amount of Vitamin E, is in seed oil. The 
pulp oil contains high content of C16 fatty acids and seed oil C18 fatty acids. 
The seed oil is also rich in α-tocopherol, which acts as a natural antioxidant. 
α-tocopherol is thought to minimize lipid oxidation, reduce skin ageing and 
toughening. The ability to absorb light is making the sea buckthorn oil 
interesting for sun care products (Beveridge, Li, Oomah & Smith 1999, 
3480-3488). Sea buckthorn oil can be extracted with vegetable oil from 
pressed and dried waste parts, with organic solvent from pulp or seeds or 
with supercritical CO₂ extraction method from pulp or seeds (Leskinen 
2003).  
 
The leaves of sea buckthorn are air-dried. They are rich in carotenoids, free 
and esterified sterols, triterpenols and isoprenols (Beveridge etc. 1999). The 
leaves are antiseptic and they suite very well to masks for greasy skin 
(Leskinen 2003). In a project “Kaksi supermarjaa” (β01γ-2014) by MTT 
Agrifood Research Finland (currently: Luke) sea buckthorn’s stems and 
leaves were analysed. It was found out that during harvesting time there 
were still considerable amount of vitamin C and E left, in fact vitamin E 
concentration had even grown from midsummer. Also some phenolic 
compounds as tannins, ellagitannines and proantocyanides were still left. 
Carotenoid concentrations were slightly decreased compared to 
concentrations at early stage of growth in midsummer (Hellström 2015). 
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In recent years several studies have been carried out with sea buckthorn. 
Not only pulp, seeds and leaves have been under interest, but also sea 
buckthorn stems and roots and their antimicrobial, antioxidant and 
phytochemical properties have been studied (Michel, Destandau, Le Floch, 
Lucchesi & Elfakir 2012, 754-760).  
 
Sea buckthorn (wild) seed oil:  Seeds from berry weight is 7,5 %  Weight of 100 seeds is 1480 mg  Seed oil percentage of dry weight is 10,6 %  7,5 g oil/ berry kg (Törrönen 2006) 

 
 

 
Sea buckthorn seed oil is already extracted in Finland by Aromtech Oy. 
They recommend to use it in skin care for its hydrating, soothing, anti-
ageing and regenerating qualities, and in hair care as a scalp tonic and hair 
growth promoting agent (Aromtech Oy 2012). Sea buckthorn seed oil is 
found in many commercial cosmetic products, for example Frantsila uses it 
in eye cream and in renewing scrubber cream (Frantsila n.d.). 
 
More information on sea buckthorn. 
 
 

4.1.6. Strawberry 

 
Picture 13. Strawberry (Fragaria x ananassa) 

By-products from strawberry are fruits, pulp and seeds, which are side 
streams from juice and jam industry, and also II-class berries. Young leaves 
of runners are by-products too and are normally left unutilized, if they are 
not used in propagation.  
 
Oryza Oil & Fat Chemical Co, in Japan, produces several products from 
strawberry derived ingredients. They have found out that strawberry seed 
extract powders contain tiliroside and kaempferol-3-O-glucoside. Tiliroside 
is a flavonoid and acts anti-inflammatory, kaempferol-3-O-glucoside is 
presumably acting in the same way. Strawberry seed extract powder is a 

https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=Nhu3hU%2bttyRCO23wiGtokgLVmMIcnPaBw5W1BckxPK8%3d&docid=1b13283a4e6544da39d72b3c8bebe101c
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water soluble powder, which is extracted with aqueous ethanol. In liquid 
form the seed extract is extracted with aqueous 1,3-butylene glycol. Their 
tests with mice show that seed extract has anti-ageing and anti-oxidant 
effect on skin, in In an animal study with mice it was found out that 
strawberry seed extract reduced melanin synthesis by suppressing effects of 
tyrosinase (Oryza Oil & Fat Chemical Co 2008).  
 
Sikora, Michorczyc, Olszańska and Ogonovski (2015) have studied the 
suitability of strawberry seed extract oil in shower and bath products. Seed 
extract oil was extracted with the supercritical CO₂ extraction method. Due 
to their studies, seed extract oil was found out to be rich in unsaturated fatty 
acids and it showed high stability when 0,5-2,0% of oil was in formulations 
(Sikora et al. 2015, 574-580). Likewise seed oil has been found out to be a 
source of unsaturated fatty acids and have high contents of linolenic and 
linoleic acids. Seed oil functioned well in oil-in water-emulsions 
(Krasodomska etc. 2015, 468-475).  
 
The highest amounts of ellagic acid has been found in strawberry leaves, 
then seeds, unripe green fruits and the lowest amounts in red ripe pulp 
(Stanley 1997). Korean researchers studied berry derived ellagic acid 
effects on skin and found out that it soothes skin wrinkling and 
inflammation after skin had been irritated with UV-B radiation (Bae, Choi, 
Kang, Lee, Park & Kang 2009, 182-190).  
Antioxidant potential of strawberry leaves was studied in a Polish research. 
Strawberry leaf extract was found to have a very good antioxidant activity 
and was concluded to be noteworthy for industry of cosmetics as an additive 
for creams. The antioxidant activity was almost equal to Trolox ® (Cyboran 
etc. 2011). 
 
The strawberry seed oil is already extracted commercially with the 
supercritical CO₂ extraction method by Aromtech Oy in Finland. Their 
primary usage recommondation for it is in anti-ageing products (Aromtech 
Oy 2012). 
 
More information on strawberry. 
 
 
 
 
 
 
 
 
 
 
 
 

https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=Nhu3hU%2bttyRCO23wiGtokgLVmMIcnPaBw5W1BckxPK8%3d&docid=1b13283a4e6544da39d72b3c8bebe101c
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4.1.7. Blackcurrant, lingonberry and sea buckthorn in comparison 

The theoretical yield of oil from berries (g/kg) varies, depending on the 
amount of oil seeds and their oil content. Blackcurrant, lingonberry and sea 
buckthorn are compared in relation to their seed weight (Fig. 1 and 2), 
percentage of seed oil (Fig. 3) and oil yield (Fig. 4)  . Detailed information 
is found from Chapters 5.1.2 Blackcurrant, 5.1.3 Lingonberry and 5.1.5 Sea 
buckthorn. 
 

 
Figure 1. Percentage of seeds in different berries 
 
 
 

 
Figure 2. Weight of seeds in different berries 
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Figure 3. Percentage of seed oil in different berries 
 
 
 

 
Figure 4. Seed oil yield in different berries  
 

4.2. Promising vegetables for cosmetics ingredients 

4.2.1. Carrot 

 
Picture 143. Carrot (Daucus Carota) 
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The by-product formed in highest quantities in carrot cultivation is leaves. 
Out of the leaves of Daucus carota or Daucus carota sativia extract can be 
received. It can be used in skin care products for a moisturizing effect 
(Bährle-Rapp 2012, 146). The functions are not reported by now, so there 
are no information if there is really an effect (EWG).  
 
More information on carrot. 
 
 

4.2.2. Lettuce 

 

Picture 15. Lettuce (Lactua sativa) 

There are two main types of lettuce products.  The first is a whole lettuce 
head and the second type is fresh-cut products, which leads to considerable 
formation of by-products (leaves and stems). These by-products can reach 
half of the complete material. They can be used for animal feeding, fibre 
and fuel production, but they are also a source for polyphenols for food and 
cosmetic products (Llorach, Thomás-Barberán, Ferres 2004, 5109). 
 
Polyphenols are phytonutrients with a lot of benefits for the human body. 
In cosmetics they can be used as active ingredients with antioxidant and 
antimicrobial effect, or against inflammation. Furthermore they are anti-
carcinogen, and have other benefits for the health (Ellsässer 2013, 88). 
Because of their antioxidant effect, they can protect against free radicals. 
Polyphenols can be formulated in skin care products against ageing and 
wrinkles. Furthermore they are helpful for irritated skin (Feichter 2011). 
 
The extract out of lettuce leaves, used in cosmetics with INCI name Lactuca 
sativa extract or juice, is often used as fragrance, for a refreshing effect 
(Bährle-Rapp 2012, 323). It alleviates irritated skin, also the scalp and 
inhibits the smell of a product (Kosmetik transparent 2015). The extract is 
mostly used for skin care products, but also in shampoos or conditioners 
(AViVA 2016). 
 
A research group on quality, safety and bioactivity of plant foods in Spain 
found out that the external leaves have the highest amount of polyphenols, 
so they are suitable for the extraction. The extracts can prepared with water 

https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=Nhu3hU%2bttyRCO23wiGtokgLVmMIcnPaBw5W1BckxPK8%3d&docid=1b13283a4e6544da39d72b3c8bebe101c
https://books.google.fi/books?id=qaUkBAAAQBAJ&pg=PA88&lpg=PA88&dq=polyphenole+kosmetik&source=bl&ots=joSVV-1HDT&sig=POUJV1hnvfAsEuaWJUJl6x9V1jY&hl=de&sa=X&redir_esc=y
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or methanol, and win out of raw material or puree. The final percentage of 
polyphenol with these different methods depends on the sort of lettuce 
(Llorach, Thomás-Barberán, Ferres 2004, 5114). 
 
More information on lettuce. 
 

4.2.3. Onion 

 
Picture 16. Onion (Allium cepa) 

By-products from onion are skin and bulb parts, which mainly come from 
food industry.                                                                                            
In a Korean study on plant pigments for cosmetics ingredients, it was found 
out that onion peels had high total polyphenol content and relatively high 
antioxidant capacity. It was concluded that onion peels are good resources 
for natural cosmetics (Boo, Hwang, Bae, Park, Heo & Gorinstein 2012, 129-
135). In the review article, Plants Used in Cosmetics, the authors tell that 
hot decoction of onion skin is used to achieve coppery colour in hair, when 
colouring with henna. They also tell in the review that pulp extract, which 
contains flavonoids, is used in several ways to heal different kind of 
disorders in skin, like acne and inflammation (Aburjai & Natsheh 2003). At 
VTT it was found out that onion skin parts, both yellow and red onion, had 
the highest amounts of quercetin and total phenolics. The red onions had 
higher radical scavenging activities, than yellow onion (Nuutila, 
Puupponen-Pimiä, Aarni & Oksman-Caldentey 2002, 485-493).  
 
The red onion extract has been used as a cosmetic ingredient in Traditional 
Chinese Medicine. It is used in gels, creams and lotions, and it is claimed to 
be antiseptic and soothing. The active phytochemicals are sulphur 
compounds (Red onion extract n.d.). Draelos (2008, 101-104) has studied 
the ability of onion extract to help scars to heal after surgical operations. 
Draelos found out that scars were softer and the redness of scars had 
improved after treating scars with onion extract gel. 
 
In shampoo products bulb extract is already in use, for example Anian hair 
care is using it as antioxidant and astringent (Triodeluxe Cosmetics n.d.). 
 
More information on onion. 

https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=Nhu3hU%2bttyRCO23wiGtokgLVmMIcnPaBw5W1BckxPK8%3d&docid=1b13283a4e6544da39d72b3c8bebe101c
https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=Nhu3hU%2bttyRCO23wiGtokgLVmMIcnPaBw5W1BckxPK8%3d&docid=1b13283a4e6544da39d72b3c8bebe101c


 
33 
 

4.2.4. Pumpkin 

 
Picture 17. Pumpkin (Cucurbita pepo) 

By-products of the pumpkin manufacturing are mainly the leaves, but also 
the roots of the plants. Pumpkin leaves contain, amongst other things, 
vitamin A, vitamin C, calcium and iron. Especially vitamins have often a 
good effect on the skin (Tosinawoyinka 2014). In addition there are also 
glucose, protein, natural colour and a small amount of essential oil in it. 
About 0.03 g oil per 10 ml (0.3 %) can be extracted. This essential oil can 
have antioxidant benefits (Shah, Farman, Hussain, Arain, Shrams 2013, 
142+143). Furthermore pumpkin roots can be used against pimples and 
blackheads (Aburjai, Natsheh 2003, 17) but the authors are not aware of any 
scientifically proven effects. Currently by-products from the pumpkin 
production are not used in cosmetic products in Europe.  
 
More information on pumpkin. 

https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=Nhu3hU%2bttyRCO23wiGtokgLVmMIcnPaBw5W1BckxPK8%3d&docid=1b13283a4e6544da39d72b3c8bebe101c
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4.2.5. Swede 

Around 380 worldwide genera are counted among this plant family. All of 
them can be used. One of these are swedes (Brassica napus subspecies 
Napobrassica).  

The by-products of swedes can be leaves, stems, roots, fibres, seeds, and 
everything else that is not used for food production or retail sale. The seeds 
are most wanted, because they have the highest percentage of oil that is used 
for the production of fatty acids. Although most of the oil is in seeds, all 
excess swede biomass can be used as a raw material for fatty acids. Napier, 
Sayanova and Venegas (2007) have applied a patent for rising -Linolenic 
acid GLA and stearidonic acid in transgenic plants with genetic 
modification of the family brassicaceae. BASF Plant Science GmbH has 
developed an advanced method for extraction of fatty acids out of plants 
without unwanted by-products. The isolation of oil is done by extraction or 
pressing of all other parts of the plant, after they are crushed and maybe 
roasted. This oil is extracted with hexane, which is later removed. 
Afterwards it is cleaned, with activated carbon bleached and with water 
steam desodorized so it is colourless and with no fragrance. The fatty acids 
are won by saponification (Napier, Sayanova, Venegas 2007). 
 
Fatty acids have a lot of benefits, used among other things in food industry, 
animal feeding, cosmetic and pharmacy. -linolenic acid GLA an ω-6-fatty 
acid and stearidonic acid, an ω-3-fatty acid are important for the human 
body(Wikipedia, Omega-n-Fettsäuren). GLA is reported to have 
therapeutic actions and to regulate skin moisture and elasticity, furthermore 
it helps to strengthen the natural skin barrier (Kosmetik Gruber 2012). 
Furthermore both of the fatty acids have a positive effect on the skin 
metabolism and reduce acne and damages caused by sunlight. Another 
benefit is the reduction of skin ageing and an anti-inflammation effect 
(Napier, Sayanova, Venegas 2007).   
 
More information on swede. 

Picture 18. Swede (Brassica napus subsp. napobrassica) 

https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=Nhu3hU%2bttyRCO23wiGtokgLVmMIcnPaBw5W1BckxPK8%3d&docid=1b13283a4e6544da39d72b3c8bebe101c
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4.2.6. Tomato 

 

 
Picture 19. Tomato (Solanum lycopersum) 

In the manufacturing of tomato products like ketchup or juice, seeds and 
pulp often remain in a fraction which is not used as human food. These by-
products contain the most nutritious part of tomato. Also the leaves and the 
stem are by-products.  
 
Seed oil can be obtained from Solanum Lycopersicum (Tomato) Seed Oil 
with pressing and refining, it is often produced in China. The oil contains 
fatty acids that are often used for cosmetic products  > 55 % linoleic acid  > 24 % oleic acid  > 2 % linolenic acid 
Furthermore there are antioxidants in it like tocopherol, as well as vitamins, 
minerals, carotenes and phytonutrients like phytosterole and flavonoids. 
Stable oil is penetrating in the skin in high amounts, so one of its uses is for 
skin care like facial creams for damaged and dry skin (Natural Sourcing 
n.d.). In addition it is used in creams against wrinkles and ageing, because 
the compounds in the oil protect the skin against free radicals, so the 
oxidative stress is lower and the skin ages more slowly. It has a moisturizing 
effect and gives the skin more elasticity, so the skin looks younger (Emma 
Organics 2013). Furthermore it can be manufactured in lip care, hair care, 
make-up and shaving products (Natural Sourcing n.d.).  
 
Out of the leaves and stems, Solanum lycopersum extract can be produced 
(EWG. Solanum Lycopersum (Tomato) Extract). The main part of them is 
solanin, which is poisonous if one eats high amounts. The extract has an 
antibacterial, moisturizing and astringent effect, so it could be used for skin 
care (Bährle-Rapp 2012, 544). Because of the solanin, tomato leaves are 
also used in house recipes against spider veins (Markus 2016). 
 
More information on tomato. 

https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=Nhu3hU%2bttyRCO23wiGtokgLVmMIcnPaBw5W1BckxPK8%3d&docid=1b13283a4e6544da39d72b3c8bebe101c
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4.2.7. Zucchini 

 
Picture 20. Zucchini (Cucurbita pepo) 

The by-products of zucchini are the leaves and the pulp.  
 
Hermann Hohenester developed an idea, for which he applied for a patent, 
about the use of zucchini, where pulp as well as other parts of the frits can 
be used, so all left overs of the food production. The parts are cleaned, 
crushed, freeze dried or pressed and if needed stabilized with alcohol. If it 
is possible, all the treatments are under a temperature of 28 °C to save the 
active ingredients. These extracts have benefits for skin care, but more in 
the dental care and hygiene. They have a dissolving effect on the biofilm on 
teeth. The biofilm can cause plaque and later caries. Furthermore it can 
prevent colouring of teeth. In addition it cleans the oral cavity, so it reduces 
halitosis.  Depending on the form of the zucchini extract, it can be used in 
several dental care product, like toothpaste, gel or mouth rinse and also in 
bubble gum. The benefit of it is the fact that it is gentle, because the pressure 
with the toothbrush can be lower, but is has the same effect as wanted by 
the customers. In skin care it helps against inflammation and pigment spots, 
so it can be used against acne, but also in anti-ageing products. Furthermore 
it smooths horn skin, so another possible product category can be foot care 
(Hohenester 2011).  
 
More information on zucchini. 
 
 

  

https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=Nhu3hU%2bttyRCO23wiGtokgLVmMIcnPaBw5W1BckxPK8%3d&docid=1b13283a4e6544da39d72b3c8bebe101c
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4.2.8. Brassica oleracea (white cabbage, cauliflower, Brussels sprout) 

 
By-products from white cabbage, cauliflower and Brussels sprout are leaves 
& II-class vegetables. From Brussels sprout also stems could be used.  
 
The link between the leaves are polyphenols as kaempferol, quercetin and 
sinapic acid. Also flavonoids and phenolic compounds have been found 
(Llorach, Gil-Izquierdo, Ferreres & Tomás Barberán 2003, 3895-3899). All 
cabbages have also compounds called glucosinolates, which consist of 
nitrogen and sulphur. These compounds have been under investigations in 
context with for example cancer research. Extractions from different 
cabbages are detected to have antioxidant activity, but that quality is not due 
to glucosinolates (Ryhänen, Tolonen & Taipale 2001, 62-64). 
 

 
Picture 21. Cauliflower (Brassica oleracea Botrytis-Ryhmä) 

 

 
Picture 22. Brussels sprout (Brassica oleracea Gemmifera-Ryhmä) 

Brussels sprout extract has been used in cosmetics as an astringent (Brassica 
oleracea gemmifera extract n.d.). White cabbage waste from Colombian 
public market has been tested in a small scale as a raw material for lutein, 
which has potential as a raw material for food and cosmetics industry. 
Lutein was successfully extracted with supercritical CO₂ extraction method 
and with ultrasound assisted extraction (Alzate, González & Londoño-
Londoño 2013).  
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Picture 23. White cabbage (Brassica oleracea) 

Tyrosinase acts as a catalyst for melanin production and melanin increases 
dark pigmentation. Bleaching ingredients in cosmetics prevent functions of 
tyrosinase (Tyrosinaasi n.d.). Processing water of young leaves of cabbage 
was studied, especially the properties of inhibiting tyrosinase. The 
researchers found out that the processing waters of cabbage are potential for 
this use, although more research is needed. It is not known, what in cabbage 
acts as a tyrosinase inhibitor, though it might be due to sulphur compounds. 
The researchers think that there is a realistic potential in processing waters 
of cabbage for cosmetic industries due to these reasons (Zocca, Lomolino 
& Lante 2010, 3791-3795).  
 
More information on different cabbages. 
 
 

4.3. Most potential plants for cosmetics ingredients 

Based on the information described in earlied chapters, Finnish horticultural 
by-products which are considered to have most potential for cosmetics 
ingredients, are listed in Table 8.  
 
Table 8. List of fruits and vegetables, which are most potential for cosmetics ingredients according 
to current knowledge. These by-products are not yet utilized in cosmetics in Finland. 
 

Plant By-product Reasons 
Apple Leaves 

 
Pomace 
 
 
Seeds (seed oil) 

Good antioxidant 
activity 
 
Phenolics 
Triterpenics 
 
Unsaturated fatty 
acids, 
α-tocopherols,  
-tocopherols 

 
High amounts of by-
products 

https://hameenamk-my.sharepoint.com/personal/irene1401_student_hamk_fi/_layouts/15/guestaccess.aspx?guestaccesstoken=Nhu3hU%2bttyRCO23wiGtokgLVmMIcnPaBw5W1BckxPK8%3d&docid=1b13283a4e6544da39d72b3c8bebe101c
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Pages 25-26 

Blackcurrant Peels Phenolic compounds  
(antocyanin)  
→ antioxidant 
 
Page 27 

Sea buckthorn Leaves Carotenoids, 
vitamin C, E, 
free and esterified 
sterols 
 
Antiseptic 
 
In harvesting time high 
amounts of by-
products are born  
 
Pages 30-31 

Strawberry Runners Ellagic acid 
 
High antioxidant 
activity, almost equal 
to Trolox ® 
 
Page 31-32 

Onion Skin 
 
 
 
 
Bulb 

High total polyphenol 
content 
Relatively high 
antioxidant activity 
 
Promising results in 
nursing scars after 
surgical operation 
 
Pages 36-37 

White cabbage Leaves, process waters Promising tyrosinase 
inhibitor 
 
Pages 41-42 

Lettuce Leaves High amount of by-
products 
→ high yield of 
extracts 
 
Pages 35-36 

Tomato Seeds, (leaves) Tomato Seed Oil is 
already used in other 
countries 
 
Page 39-40 
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4.4. Less promising plants for cosmetics ingredients 

According to the present literature study, Finnish horticultural by-products 
with less potential as ingredients for cosmetics, are shown in Table 9. 
 
Table 9. Less promising plants 

High allergic potential 
Celeriac 
Celery 
Parsnip 
No by-products found for cosmetic use according to current 
knowledge 
Beetroot 
Potato 
Cucumber 
Green bean 
Broccoli 
Pea 
Not enough production in Finland 
Rosehip 

4.5. Main production areas in Finland 

In Table 10 main production areas of most potential plants of present study 
are exposed. Some remarks worth noticing are also disclosed in this chapter. 

 
Table 10. Main production areas in Finland of most potential fruits and vegetables for cosmetics 
ingredients. 

Plant Main production area 

Apple Ahvenanmaa, Southwest Finland,  
Lohja area ¹ 

Blackcurrant Eastern Finland, Central Finland ² 
Strawberry (open field) Northern Savo, Suonenjoki areas ³ 

Sea buckthorn Southern Ostrobothnia, Suupohja areas 4 

Cabbage Southern Finland, Central Finland 5 

Onion Ahvenanmaa, Satakunta,  
Varsinais-Suomi 6 

Lettuce (open field) Southern Savo 7 

Tomato (greenhouse) Ostrobothnia, Satakunta, Varsinais-Suomi 
8 

1 (Ruokatieto n.d.); 2 (Ruokatieto n.d.); 3 (Ruokatieto n.d.); 4 (Wikipedia n.d.); 5 (Yara n.d.); 
6 (Ruokatieto n.d.); 7 (Yle uutiset 2012); 8 (Kauppapuutarhaliitto ry n.d.) 
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White cabbage does not require warm temperature for growth, for this 
reason it can be cultivated all around Finland (Ruokatieto n.d.), but white 
cabbage’s main production areas are situated in Southern and Central 
Finland (Yara n.d.). Vaissi Oy in Keuruu, in Central Finland, makes 
cabbage rolls largely and within process big amounts of cooking waters are 
born (Vaissi Oy n.d.). These cooking waters, as processing waters, could be 
potential raw material for cosmetics industry.  
 
Also lettuce can be cultivated all around Finland, likewise white cabbage, 
it grows best in lower temperatures. Year 2012 30-40 % of all lettuces, from 
open field, came from Southern Savo area (Yle uutiset n.d.).  
 
Apetit Ruoka Oy has a big frozen food factory in Säkylä, Satakunta region. 
They have domestic potato, onion, carrot, pea, spinach, swede and 
cauliflower in their product range (Apetit Oyj n.d.). Although only onion 
was found promising for cosmetics industry’s ingredient in the present 
study, from all of these vegetables, listed above, come by-products from the 
factory.  
 
The production of greenhouse vegetables is centered in coastal areas in 
Finland (Ruokatieto n.d.). Even though, in the present study, tomato showed 
up to be the most promising greenhouse vegetable for cosmetics industry, it 
does not exclude the fact that by-products come also from other vegetables, 
like cucumber, from the same area. 
 
 

4.6. Storage, transportation and logistics of by-products 

Microbial spoilage of all plants and parts of plants starts soon after they are 
harvested or separated from the mother plant. For this reason it is extremely 
important that the postharvest storage of plant by-products is solved and 
planned well in advance. It is also important that only plants or parts of 
plants, which are in good condition are stored, so that damaged plants do 
not contaminate other plants in stock. Biomasses, which come from juice 
and wine industry, are under the same principals.  
 
All farms, greenhouses, peeling plants and food factories which produce 
ingredients for cosmetics industry, should have a cold room or freezer for 
stocking. Freezing, drying or some other preservation method might be 
needed.  
 
Transportations from sites of by-products should be organized well and 
collections of stored biomasses should happen as often as needed. It might 
be necessary to obtain cold chain when transporting by-products. To reduce 
costs of storage and transportation of horticultural by-products, new 
innovative solutions are needed.  
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Examples of processes and logistics of horticultural by-products used as 
ingredients for cosmetics: 
 

 
 
 

4.7. Examples of cosmetics producers in Finland 

 Aamumaa: organic ingredients (Aamumaa n.d.)  Frantsila: organic ingredients (Frantsila. n.d.)  Lily Alexandra Oy: natural ingredients (Lily Alexandra. n.d.)  Flow kosmetiikka: natural ingredients (Flow kosmetiikka. n.d.)  Mellis: natural ingredients (Mellis. n.d.)  Mia Höytö Cosmetics: Ecocert (Mia Höytö Cosmetics. n.d.)  Forest of Lapland Oy: FI-Natura (Davvi Cosmetics. n.d.) 

Alternative 1

Source of by-product

Immediate storage 

-cold room or freezer

Transportation

Storage 

-cold room or freezer

- dryer

Transportation

Producer of cosmetics 
ingredients

Transportation

Cosmetics factory

Cosmetic product

Alternative 2

Source of by-product

Immediate storage 

- cold room or freezer

- dryer 

Transportation

Producer of cosmetics 
ingredients

Transportation

Cosmetic factory

Cosmetic product
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 Naviter Oy: FI-Natura (Naviter Cosmetics n.d.)  Lumene Oy (Lumene Oy n.d.)  Nordic Bio Cosmetic: Ecocert (Nordic Bio Cosmetic n.d.)  Lush Finland Oy: fresh handmade cosmetics (Lush Finland Oy n.d.)  Valkoinen Lanka: FI-Natura (Valkoinen Lanka n.d.)  Am Natur: organic ingredients (Am Natur n.d.)  Lh-Beauty: Leaping Bunny (Lh-Beauty n.d.) 
 

4.8. Examples of ingredient producers for cosmetics in Finland 

 Aromtech Oy, Tornio 
- supercritical CO2 extraction (Aromtech Oy n.d.) 

  Fingredient Oy, Tampere 
- raw material, intermediate products, formulas  
- ethanol, oil, water and glycerol extractions 
- spray drying 
- safety assessments to raw materials (Fingredient Oy n.d.) 

  Forest of Lapland Oy, Rovaniemi 
- non chemical extractions (Forest of Lapland 2015) 

 

5 CONCLUSIONS 

 
As a conclusion of the present literature study, four fruits and four 
vegetables are considered to have the most potential to be used in cosmetics 
industry. These are different parts of apple, blackcurrant, sea buckthorn and 
strawberry, as well as onion, white cabbage, lettuce and tomato. Some of 
the extracts are already used in small amounts in cosmetics in Finland or 
other countries.  
 
Horticulture and food industry are known to produce a large amount of 
organic, plant derived by-products. These by-products are rich in valuable 
compounds. In this context utilization for food industry has been widely 
studied, but more research is needed for cosmetics industry’s purposes.  
 
Suggestions for future research, development and cooperation: 
 

- to spread information of potential plant based 
ingredients, their effects and safety 

- to find more ingredients for a bigger range of cosmetics 
products  

- to find replacements for critical compounds in cosmetics, 
like micro plastics 

- to find out what is the content of the specific cosmetic 
ingredient in by-products 
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- to investigate how to preserve valuable compounds in 
biomasses: freezing, drying or some other method to 
keep the quality good enough 

- to find or develop simple and low-cost processing 
methods for full-scale applications 

- improve cooperation networks and supply chain: 
 

- which companies in Finland have equipment for 
making ingredients to cosmetics industry 

- when planning a new activity around horticultural 
and food industry’s by-products, to take into 
account main production areas; lots of plant waste 
and by-products come from the same area 

- storage and processing should be close enough to 
each other 
 

 
When studies proceed, new investments, firms and cooperation in Finland 
and in Europe may also come into question. Worthwhile could also be 
cooperation with cosmetics producers and ingredient producers. 
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Annex 1 
 

ACTIVE INGREDIENTS OF NATURAL COSMETICS 
 
 
 

Ingredients Effect Main function 
Fatty Acids 
→ Linoleic acid Anti -inflammation  

Cell regulation 
Repair skin barrier 
Catch free radicals 

Emollient 
Antioxidant 
Thickening agent 

→ Linolenic acid Anti-inflammation 
Improve wound 
healing 
Against acne 
Strenghens skin 
barrier 

Moisturizer 
Emollient 

→ Oleic acid Cleansing agent Emollient 
Detergent 
Thickener 

→ Stearidonic acid   
Glycoside 
→ Glucosinolate   
Minerals 
→ Magnesium Absorbative 

Anti-bacterial 
Against acne 

Absorbent 
Desinfection 

→ Silica Absorbative  Absorbent 
Thickener 

Polyphenols 
→ Ellagic acid Reduce sun damage 

Preserve collagen 
Antioxidant 

→ Flavonoide 
- Anthocyane Antioxidative 

Red to blue colour 
Properties against            
  tumour 

Antioxidant 
Pigment  

- Flavonole 
→Quercetin  
 
 
 
 
 
 
→Kaempferol 

  
Antioxidative 
Skin healing 
Anti-inflammation 
Stimulating effect 
Reduce sun damaged 
  skin 
Reduce scars 

Antioxidant 
 

Antioxidative 
Against wrinkles 
Anti-inflammation 

Antioxidant 
Anti-ageing  

- Flavone Yellow Antioxidant 
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Antimicrobic 
Anti-inflammation 

- Tannine Healing small 
wounds 
Adstringent 
Anti-inflammation 

Skin-toner 

- Tiliroside Against redness  
Against itchin 
Anti-inflammation 

Anti-ageing 
Sensitive skin 

Terpene 
→ Triterpene 

- Triterpenol 
- Isoprenol 
- Phytosterole 

Anti-inflammation 
Against ilnesses e.g. 
high blood pressure 

More used in 
medicine 

→ Tetraterpene 
- Carotene Orange 

improve sun 
damaged 
  skin 

Antioxidant  

Vitamin 
→ Vitamin A  
 = Retinoide 

Stimulate cell growth 
Catch free radicals 
Improve skin 
structure 

Antioxidants 
Anti-ageing 
 

→ Vitamin C 
 = Ascorbic acid  

Antioxidative 
Anti-inflammation 
Against wrinkles 
Against uneven skin 
  tone, brown spots 
Anti-irritant 

Antioxidant 
 

→Vitamin E 
 = Tocopherole 

Antioxidative  Antioxidant  

 


