
Development of biocomposite films 
from citrus waste

Can you imagine, 
that your morning glass of 

orange juice 
can give us 4.5 A4 sheets of 

biocomposite film?

cellulose 22.0-37.1 %
pectin 12.1-25 %  
soluble sugars 6.0-22.9 %
hemicelluloses 6.0-11.1 % 

flavonoid 5.1-12.5  %
protein  6.1-9.1%  
lignin 2.2-8.6 %

Increasing use of bioplastics and biocomposites withdraws increasing land use for bioplastics.  Howev-
er competition is non-existent between land use for food/feed and for bioplastics; second-generation, 
waste-derived biocomposites have been investigated. Orange juice production is one of those industries 
that generate 50-60 % of waste of the original mass [1]. Yet, orange waste generated disposal problems 
until recently, as there was no adequate disposal method but dumping the waste on landfills [2]. To pre-
vent environmental pollution, the traditional way is to use it as cattle feed or simply burn it. Another 
way of disposal is using it as organic fertilizer. However orange waste contains many valuable chemi-
cals, which can be well exploited in a biorefinery approach, its direct application seems to be the sim-
plest and most competitive alternative. In this study a novel way of direct utilization of orange waste 
has been investigated for biocomposite film production. The idea is to utilize the strength of the cellu-
lose and hemicellulose fibers re-incorporated into the present pectin matrix. In the biocomposite films, 
the random distribution of the fibers suggests a cost-efficient utilization of orange waste as an isotropic 
composite material for non-structural applications.
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Material preparation:
- soluble sugar removal from orange waste
- size reduction
- drying orange waste at 40 °C
- milling to fine powder

Film preparation:
- suspension preparation (citric acid,orange 
waste powder, glycerol,antifoam)
while stirring and heating up to 70 °C
- casting on non-sticky PTFE plates
- drying films at 40 °C
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Biocomposite films produced from waste of industrial orange juice production represent similar 
physical properties as some of the commodity plastics have. Although bioplastics and biocomposite 
production is not urging for second and third generation alternatives this new alternative could be 
considered for future improvements for biobased and biodegradable composite material.

This project is founded by the Åforsk Foundation and raw material is kindly provided by Brämhults 
Juice AB.  

(1) (2) Figure 2
Microgram of film surface taken by a 
dark-field microscopy

Microscope observations are show-
ing a porous surface of the films.

Figure 4
DSC thermogram of film and reference ma-
terials

Thermograms of orange waste film, 
extracted pectin and dry orange waste 
powder (raw material) have been 
compared for glass transition temper-
ature (Tg). Tg of orange waste films 
ranges between 82 and 89 °C.

Figure 1
(1) Structure and composition [3] of citrus 
waste from industrial juice production 
(2) Proposed structure of composite films

AfterAfter removing the soluble sugars 
from the raw material, mostly cellu-
lose, pectin and hemicelluloses 
remain. Pectin is well-known and it 
has been used for its gelling and film-
forming ability and cellulose has been 
used as a substitute for for example 
glass-fibers in biocomposites. Togeth-
er and with the present other compo-
nents they form a reinforced matrix 
similarly to the cell wall of for exam-
ple dicotyledonous plants.

Figure 3
Tensile properties of composite film 
and reference materials

EarlyEarly measurements of tensile proper-
ties of orange waste films are showing 
competitive strenght with commonly 
used commodity plastics.


