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Abstract 
Extensive quantities of apple pomace are generated annually but disposal of this waste is still 
much disputed. In EU alone, 500 000 tons are produced every year. Without further 
treatment, the acidic character of apples with their high sugar and low protein content makes 
the pomace unsuitable for landfilling and animal feedstock. However, further treatment is 
usually not economically feasible. This study addresses this issue by introducing a new 
approach for the apple pomace to produce sustainable materials. 
 
The high content of sugars in apple pomace which can be reshaped and reformed at higher 
temperatures makes the waste material suitable for plastic production. Other components 
found in apple pomace are 5 % proteins and 1.5 % fats. Fibers are abundant, dietary fibers 
amounts for more than half (55 %) the original apple pomace weight. Phenols, sorbitol and 
acids can be found in minor mount, 2 % or less. The apple pomace itself is a mixture of mostly 
pulp and peel which corresponds to 9/10 of the total mass. Whereas seeds, seed core and 
stalk are the remaining 1/10. The possibilities of utilizing apple pomace to produce biofilms 
and 3D shapes have been investigated. The effects of introducing orange pomace, another 
waste material produced in extensive quantities, to apple pomace samples has also been 
studied. 
 
Two methods were used to produce bioplastic materials; solution casting and compression 
molding. Glycerol was used as a plasticizer. Apple pomace, either washed or not washed, was 
oven-dried and milled into a fine powder. Using compression molding, plates or cups of the 
two powders with different amounts of glycerol were prepared. Mixtures of apple pomace 
and orange pomace, with or without glycerol, were prepared in the same way. The apple 
pomace was also used in a film casting method to produce plastic films. Applying laser cutting 
to the plates and plastic films, dog-bone specimens were created whose mechanical 
properties were analysed using a universal testing machine. 
 
Highest values in terms of tensile strength and elongation at max was reached with bioplastics 
produced from solution casting where the values varied in the range 3.3 – 16 MPa and 11 – 
55 % respectively. The compression molding approach resulted in tensile strength values in 
the range 0.94 – 5.9 MPa whereas the elongation at max was in the range 0.30 – 1.9 %. A 
possible application for this material could be disposable tableware which does not require 
high mechanical strength. 
 
It was shown that it is possible to produce 3D structures and plastic films from apple pomace. 
Washed apple pomace with glycerol has similar properties as not washed apple pomace 
without the plasticizer. Adding orange pomace to apple pomace samples increases the tensile 
strength at the expense of the elongation at max. The pressing conditions and powder size 
greatly effects the mechanical properties, where a larger powder size lower the values for the 
mechanical properties. This new approach paves the way for a new utilization of apple pomace 
to replace some petroleum-based materials and at the same time solve the disposal problem 
of apple pomace.  
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1. INTRODUCTION 
 
Every day large amount of pomace is produced from various sources where juice beverages 
are produced [1]. This waste is then often disposed due to lack of usages [2]. In EU 17 million 
ton of apples was produced 2016 [3]. Of all apples produced in EU, 2.1 million ton becomes 
juice and the process generates apple pomace that is 25 % of the apples original weight [3]-
[4]. Apple pomace produced in EU 2017 was about 500 000 ton. Worldwide 89 million ton 
apple was produced 2016 [3]. Largest producer is China [3]. 
 
Another interesting waste product is orange pomace. Worldwide 73 million ton of oranges are 
produced [3]. In juice production 50 % of the orange is wasted [5]. This to be compared to 
apple processing that produces 25 % of apple waste [4].  
 
Apple pomace is acidic with a pH of 3.3-3.9 [6]. Due to the low pH it is not good to use in 
landfills with risk of leaking and it is not good as a feedstock for larger animals due to its high 
sugar content and low protein but can however be used if treated first to reduce the sugar 
contents [7]-[8]. Other application of apple pomace is bioethanol production [9]. Although 
there are better products like sugar cane juice for ethanol production with higher yield 
compared to apple pomace, the pomace is a waste product and sugar cane is not [9]-[10]. 
Dried apple pomace can be used as steam engine fuel in industry plants [11]. Also in food 
industry there is the possibility to, in some extent, replace soy meal with apple pomace 
powder [12]. Muffins with 50 % Apple powder and 50 % soy meal was said to taste better [12], 
taste could be contributed to the higher sugar contents of the apple powder [13-14].  
 
Benefits of using apple pomace for bioplastic production over other conventional plastic 
materials is that it breaks down in nature. Looking at plastics manufactured today they stay in 
nature a long time due to the stability of the plastics [15]. If it would be possible to make these 
materials from waste materials like apple pomace, microorganisms could then break down 
plastics made from apple pomace in nature. Dried apple pomace (4-10 % moisture) consist of 
3-6 % proteins, 50-62 % carbohydrates, 5-51 % of the carbohydrates are fibers, 1-4 % fat, 4- 
14 % pectin, 1-6 % ash and 0.5-1 % minerals [13]. Contents that are the main part of the 
bioplastic are proteins and carbohydrates [16]-[17]. When manufacture bioplastics a 
plasticizer is used like water and other natural plasticizer found in the apple pomace or 
glycerol is added when processed [17].  
 
Compression molding and solution casting production was applied to create plastics. Similarly 
done as Jerez et al. [16] but had other temperatures, pressures and size of the molded mass 
when compression molding. Jerez et al. [16] used proteins including wheat gluten, which is 
the main component of the bioplastic, compared to polysaccharides that are the main 
ingredient in the bioplastic of apple pomace. Plastic films was made similarly to Bátori et al. 
[18] which used orange peels as a source for the carbohydrate (pectin) that was the main 
component of the bioplastic. 
  



 

 

2. MATERIALS AND METHODS 
 

2.1 Materials 

 
Apple pomace (AP) was kindly provided by Lyckans Äpple (Bredared, Sweden). Initially, fresh 
apples were put into the motorized apple crusher (Figure 1 (a)) that grinded the apples into 
smaller pieces. The apple mash was then transferred into a hydropress (Figure 1 (b)) which 
contained a rubber membrane. After it was filled with water, the membrane pushed the mash 
against the sieve walls which pressed the juice out. The remaining product, the AP, was 
collected and handed over to the researchers of this project who stored it at -20 °C until used. 
Other used materials in this study were orange pomace (OP) provided by Brämhults Juice in 
2017 (earlier located in Borås (Sweden) but currently in Ringe (Denmark)), glycerol (≥ 99.5 %, 
Fisher BioReagents, Belgium) and citric acid monohydrate (> 99.5 %, Duchefa Biochemie, 
Netherlands). 
 

 

2.2 Pretreatment of apple pomace 

 
Pretreatment was carried out in two different ways. One way included removal of the free 
sugars and other soluble nutrients by washing before the AP was oven dried. For the other 
way, the AP was only oven dried. The procedure for washing was the same Bátori et al. [14] 
used for OP but cold water was used instead of heated water to preserve the starch. 
 
To wash the AP, the pomace was firstly placed in cold tap water for 17 hours. The AP to water 
ratio (weight pomace/weight water) was 1:1.5 throughout the whole washing procedure. 
After the water was removed by pressing and squeezing by hand, the AP was once again 
soaked in water and stirred for 10 minutes. A sieve was used to clear all water from the 
pomace. For a third and last time, the pomace was soaked in water and stirred for 10 minutes. 
While removing the water with a sieve for the last time, the pomace was also rinsed with tap 
water while in the sieve. The moist AP was lastly put in an oven for drying. The washed and 
not washed AP was dried at 40 °C for 24 to 48 hours in a Termaks laboratory drying oven 

Figure 1. Images of the equipment used at Lyckans Äpple cider factory. Image (a) illustrates a motorized apple crusher and (b) a 
hydropress. 

(a) (b) 



 

 

(TS8056/ TS9026/TS9053, Norway). Figure 2 illustrates how the not washed AP (NWAP) looked 
like after drying. The appearance of the washed AP (WAP) was the same as for the NWAP. 
 

 
Figure 2. Image of dried not washed apple pomace. 

 

2.3 Formation of apple pomace powder 

 
A fine powder of the dried AP was formed by milling to size 1.0 mm and 0.2 mm, using a 
variable speed rotor mill (FRITSCH PULVERISETTE 14, Germany). The milling was carried out 
for both the WAP and NWAP materials. To produce AP powder with an even smaller particle 
size (around 0.08 mm), a ball mill was used (Retsch MM 400, Germany) in periods of 10 min 
at a frequency of 30 Hz. Examples of how the NWAP powders looked like is illustrated in Figure 
3. The WAP powders had a similar appearance as the NWAP powders. 
 

 
  

(a) (b) 

Figure 3. Image of not washed apple pomace powder of size 1 mm (a) and 0.2 mm (b). 



 

 

2.4 Preparation of bioplastic materials from apple pomace by 
compression molding approach 

 
AP powder of size 1.0 mm or 0.2 mm, either washed or not washed, with an additive of glycerol 
(GLY) in the range 0 – 40 % (w/w) was added to a square form (Figure 4). Depending on the 
force that would be applied to the sample, either a 10-ton or a 20-ton manual compression 
molding press was used (Rondol C2348, UK and Rondol C3008, UK respectively) which was set 
to 100 °C. Information about the composition and powder size for each plate as well as the 
force and time that was used for compression is given in Table 1. Additionally, two samples of 
NWAP without GLY, one sample of 1 mm powder and the other of 0.2 mm powder, as well as 
one sample of WAP with 15 % (w/w) GLY were compression molded into cups (Figure 5). The 
standard procedure for compression molding refers to pressing AP of size 0.2 mm with a force 
of 80 kN for 20 minutes at 100 °C. These conditions were used for preparation of all the 
samples if not stated otherwise. 
 
Table 1. Pressing conditions and particle size for compression molded samples of apple pomace. 

Sample Force (kN) Time (min) Particle size (mm) 

WAP w. 40 wt% GLY 80 20 0.2 

WAP w. 30 wt% GLY 80 20 0.2 

NWAP 80 20 0.2 

NWAP w. 7.5 wt% 

water 
80 10 1 

NWAP w. 15 wt% 

GLY 
80 20 0.2 

NWAP w. 30 wt% 

GLY 
80 20 0.2 

NWAP 120 20 0.2 

NWAP 80 20 1 

NWAP 80 40 0.2 

 
 

 

 

 

 

Figure 4. Images of the compression mold producing square plates. 



 

 

 

2.5 Preparation of 3D bioplastic materials from apple pomace and 
orange pomace mixture by compression molding approach 

 
NWAP was mixed with washed orange pomace (WOP). GLY was used in the range 0 – 15 % 
(w/w). Information about the composition of all materials is summarized in Table 2. 
Compression molding was applied to the mixtures, using a square form, in the same way as 
for the AP/GLY mixtures. The standard pressing conditions (80kN, 20 min, 100 °C and 0.2 mm 
powder size) were applied for preparation of all the samples. 
 
Table 2. The composition of compression molded mixtures of not washed apple pomace and washed orange pomace; 
either with or without added glycerol. Dw is an abbreviation for dry weight. 

Sample 

25 % (w/w) NWAP & 75 % (w/w) WOP 

50 % (w/w) NWAP & 50 % (w/w) WOP 

75 wt% NWAP & 25 wt% WOP 

25 dw% NWAP & 75 dw% WOP w. 15 wt% 
GLY 

50 dw% NWAP & 50 dw% WOP w. 10 wt% 
GLY 

5 dw% NWAP & 25 dw% WOP w. 5 wt% GLY 

 

2.6 Preparation of bioplastic films from apple pomace casting 
approach 

 
Formation of plastic films was accomplished with a similar method used by Bátori et al. [14] 
with minor modification. A mixture was prepared containing 2 % (w/v) of WAP powder (0.08 
mm) and 7 % (w/w) of GLY dissolved in 1 % (w/v) of citric acid solution. The mixture was made 
during heating to 70 °C and constant magnetic stirring rotating at 560 rpm. By using a metal 
sieve, air bubbles were removed before 30 g of the mixture was poured onto an evaporating 
dish (PTFE, 100 mm in diameter). The plastic film was made in triplicate. The plates were dried 
at 40 °C in a laboratory drying oven (Termaks TS9026, Norway and Termaks TS9053, Norway). 
Additionally, two mixtures of NWAP were prepared in the same way; one with 7 % (w/w) of 
GLY and the other one without. 

Figure 5. Images of the compression mold producing circular cups. 



 

 

2.7 Tensile testing 

 
Laser cutting (GCC LaserPro Spirit GLS, Taiwan) was used to create dog-bone specimens from 
the pressed square plates and films. By using a Universal Testing Machine (Tinius Olsen H10KT, 
US), the specimens were analyzed according to the standard ISO 527-1:1993. 
  



 

 

3. RESULTS AND DISCUSSION 
 

3.1 Self-binding ability of biopolymers 

 
The reason it is possible to 3D mold a shape of the not washed apple pomace is because of 
the self-binding ability of biopolymers [19]. All polymers have a glass transition at a certain 
temperature that makes the material softer at higher temperatures [20]. The sugars of the 
dried apple pomace degrade at even higher temperatures and can form new bonds that will 
strengthen the structure of the material [19]. When soft and hot, the material can be shaped 
and then when cooled again it will retain its shape due to new chemical bindings in the 
material [19]. If the apple pomace was washed, glycerol was added as a plasticizer. Adding 
glycerol to the apple pomace powder have the effect of weakening the force between the 
polymers. This results in a softer material. 
 
The two different methods that were used to create plastics, require different amount of 
energy. Casting require a larger amount of energy when creating bioplastic films [21]. 
Compression molding require a lower amount of energy, this could create an economical 
problem when choosing method in large scale manufacturing of bioplastics. Casting however, 
is a typical method for creating biofilms [22]. This have been done by many such as Bátori et 
al. [18], Sultan et al. [23] and Sujuthi et al. [24]. 
 

3.2 Production of 3D bioplastic materials from apple pomace by 
compression molding 

 

3.1.1 Bioplastic cups from apple pomace 

 
The two cups based on NWAP pressed at standard conditions with no addition of GLY but with 
different powder sizes (0.2 mm and 1 mm) exhibited a brown color except for the bottoms of 
the cups which were darker. However, as the bottoms of the cups are the surfaces closest to 
a heated platen, in comparison to the rest of the cup, the bottoms are exposed to the greatest 
heat transfer. Furthermore, as sugar turn dark brown or black when melted for long enough; 
the bottoms were most probably burned. In both cases the cup did not release from the 
bottom of the form, meaning that the cups could not be removed without breaking (Figure 6 
and 7). 



 

 

 
 

 
 
On the other hand, WAP with 15 % of GLY (Figure 8) did not experience this problem but 
instead, the cup crumbled when it was removed from the form as there was not enough 
plasticizer to bind the powder together. Even though the molded cups broke in way or the 
other, it was still showed that cup shapes of AP could be formed. 
 

 
 

Figure 6. Images of the not washed apple pomace cup with 1 mm powder size. 

Figure 7. Images of the not washed apple pomace cup with 0.2 mm powder size. 

Figure 8. Images of the washed apple pomace cup with 15 % (w/w) glycerol. 



 

 

3.1.2 Analysis of the mechanical properties of bioplastic materials from apple 
pomace 

 
The compression molded plates exhibited a light brown color similar to that of the 
WAP/NWAP powder. The results from the tensile tests are presented in Figure 9. The 
thicknesses of the plates are presented in Table 3. The tensile strength (TS) and elongation at 
max (EAM) for the pure AP samples or the AP/GLY mixtures varied in the range 0.94 – 5.8 MPa 
and 0.93 – 1.9 % respectively. This could be compared to bioplastics testing done by Felix et 
al. [25] where results between 4-5 MPa was measured with albumen protein. 
 

 
Figure 9. Measured tensile strength and elongation at max for compression molded compositions of apple pomace (AP), 
either washed (W) or not washed (NW), and glycerol (GLY). Deviations from the standard pressing conditions (80 kN, 20 
min, 100 °C and 0.2 mm powder size) are expressed within the parentheses. 

 
Table 3. The thickness of the compression molded plates of apple pomace (AP), either washed (W) or not washed (NW), 
and glycerol (GLY). Deviations from the standard pressing conditions (80 kN, 20 min, 100 °C and 0.2 mm powder size) are 
expressed within the parentheses. 

Sample 
WAP w. 

40 % 
(w/w) GLY 

WAP w. 
30 % 

(w/w) GLY 
NWAP 

NWAP 
(120 kN) 

NWAP 
(1 mm) 

NWAP 
(40 min) 

Thickness 
(mm) 

2.9 3.2 1.9 1.6 2.9 1.9 

 

3.1.3 Effect of pressure and time for compression 

 
For two samples of NWAP, the conditions were changed at which the pressing occurred. The 
first sample was pressed at the standard force of 80 kN but for a doubled time (40 min) 
whereas the second sample was pressed at a higher force of 120 kN for the standard amount 
of time (20 min). The plate pressed for 40 minutes is shown in Figure 10. Both plates had 
similar appearances regardless of the pressing conditions. As for the other conditions, a 
powder size of 0.2 mm and a pressing temperature of 100°C were used in both cases. Both 
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samples exhibited decreased TS values, in comparison to the NWAP that was pressed under 
the standard conditions. The EAM on the other hand was unaltered when the pressure was 
increased but decreased for the doubled pressing time. Due to technical problems during the 
tensile tests, results could only be collected from one specimen from the NWAP sample 
pressed for 20 minutes at 120 kN. Therefore, average values could not be calculated. 
 

 
Figure 10. Image of the not washed apple pomace plate pressed at 80 kN, 100 °C and with 0.2 mm powder size but for a 
doubled time (40 min). Laser cutting have been applied to produce dog bone specimens. 

 

3.1.4 Effect of particle size 

 
The tensile tests also revealed differences in the mechanical properties when using 1 mm 
powder size instead of 0.2 mm. Plates of these two powder sizes had similar appearances as 
the plate pressed at 80 kN for 40 minutes (Figure 10). NWAP pressed under standard 
conditions but with a powder size of 1 mm had an EAM value of 0.93 % compared to 1.6 % for 
the NWAP with a 0.2 mm powder size. When the 1 mm powder was used, the TS was also 
reduced to 3 MPa from the previous value of 3.7 MPa for the 0.2 mm powder. 
 
Compression molding of NWAP, at the standard conditions, with the addition of 15 % (w/w) 
and 30 % (w/w) of GLY resulted in thinner, softer and broken plates as mass disengaged from 
the sides of the form during pressing. This is most probably because of too much plasticizer 
which made the material soft and therefore more sensitive to an external force. The same 
applies to the NWAP with 7.5 % (w/w) of water that was also pressed at standard conditions 
but for 10 minutes with a powder size of 1 mm. Consequently, none of these samples could 
be tested in the tensile machine, hence there are no results presented in Figure 9 for these 
samples. Images of the NWAP samples with added GLY or water are illustrated in Figure 11. 



 

 

 
 
 
 

3.1.5 Effect of glycerol content for washed apple pomace 

 
The two plates consisting of WAP with 30 % and 40 % (w/w) of GLY both turned black when 
compression molded (Figure 12). These two plates contained high amounts of sugars and were 
most likely burned as the two cups of NWAP with 1 and 0.2 mm powder size. 

 
 
 
When the content of GLY was reduced from 40 % (w/w) to 30 % (w/w) in the WAP samples 
pressed at standard conditions, there was no correlation between what happened to the 
samples’ TS and EAM. The TS increased from 2.2 to 5.8 MPa whereas the EAM decreased from 
1.9 % to 1.5 %. 
 
Comparing NWAP with WAP containing 30 % (w/w) of GLY, both pressed at standard 
conditions, reveals that the WAP sample had the greatest TS (5.8 MPa in contrast to 3.7 MPa) 
and that there was a negligible difference regarding the EAM. The NWAP exhibited 1.6 % for 
the EAM whereas the corresponding value for the WAP is 1.5 %. 
  

(a) (b) (c) 

Figure 11. Images of compression molded plates of not washed apple pomace (NWAP) with 15 % (w/w) glycerol (a), 
NWAP with 30 % (w/w) glycerol (b) and NWAP with 7.5 % (w/w) water. 

Figure 12. Images of compression molded plates of washed apple pomace with 30 % (w/w) and 40 % (w/w) of glycerol, (a) 
and (b) respectively. 

(a) (b) 



 

 

3.3 Production of bioplastic films from apple pomace by casting 

 
All bioplastic films, regardless of the composition, exhibited a brownish appearance with signs 
of transparency. The pure NWAP bioplastic film is presented in Figure 13. The other two 
samples based on NWAP with 7 % (w/w) GLY and WAP with 7 % (w/w) GLY had the same 
appearance. 
 
Both the NWAP and WAP that had been added 7 % (w/w) of GLY felt stickier in comparison to 
the NWAP without added plasticizer. However, this is not by coincidence considering the 
hydrophilic, hydrophobic and viscous characteristics of GLY. The values for the TS and EAM for 
the AP plastic films were much higher than for the bioplastic materials produced using a 
compression molding approach. The TS varied in the range 3.3 – 16 MPa and the EAM in the 
range 11 – 55 %. Figure 14 presents the results from the tensile tests and Table 4 the 
thicknesses of the films. 
 

 
Figure 13. Image of the bioplastic film based on not washed apple pomace after laser cutting had been applied to produce 
dog bone specimens. 

 
 

 
Figure 14. Measured tensile strength and elongation at max of bioplastic films from apple pomace.  
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Table 4. The thickness of the bioplastic films based on not washed apple pomace (NWAP), washed apple pomace (WAP) 
and glycerol (GLY). 

Sample 
NWAP w. 

7 % (w/w) GLY 
NWAP 

WAP w. 
7 % (w/w) GLY 

Thickness (mm) 0.10 0.093 0.11 

 
The sample based on NWAP with 7 % (w/w) of GLY outstripped the other films in terms of 
EAM, as it reached a value of 55 %. However, the same sample also exhibited the lowest TS; 
3.3 MPa. As opposed to the NWAP with 7 % (w/w) of GLY, the WAP with 7 % (w/w) of GLY 
showed the reversed case as the sample, by far, had the highest measured TS of 16 MPa and 
the lowest EAM of 11 %. 
 
Concerning the sample with only NWAP, its TS was similar to that of the NWAP with 7 % (w/w) 
of GLY with a value of 4.2 MPa. The EAM on the other hand exhibited an intermediate value 
(37 %) between the NWAP with 7 % (w/w) of GLY and the WAP with 7 % (w/w) of GLY. Bátori 
et al. [14] used the same film casting method for OP which resulted in biofilms with TS values 
ranging from 28 to 36 MPa. This result could also be compared to other bioplastic materials, 
based on banana peel and corn starch (12-35 MPa) or with pectin-cellulose (26-36 MPa) [23]-
[18]. 
 

3.4 Production of 3D bioplastic materials from mixtures of apple 
pomace and orange pomace by compression molding 

 
Mixing NWAP with WOP to investigate changes to the mechanical properties resulted in plates 
with a more yellow appearance in comparison to the brown color of the pure NWAP (Figure 
10). The yellow color was more apparent for mixtures with higher contents of WOP but turned 
into a lighter brown colour when the amount of NWAP was increased (Figure 15 (a), (b) and 
(c)). The same applies to the mixtures with contents of GLY. Furthermore, the addition of GLY 
also resulted in plates with a grey appearance (Figure 15 (d), (e) and (f)) which was most 
prominent for the sample with the highest content of GLY (Figure 15 (d)). 
 
The tensile tests revealed the TS and EAM values for the AP and WOP mixtures which were in 
the range 1.9 – 5.9 MPa and 0.30 – 0.85 % respectively. The tensile test results from all 
mixtures are summarized in Figure 16. The thicknesses of the plates are presented in Table 5. 



 

 

 
 

Figure 15. Images of compression molded plates of 25 % (w/dry w) not washed apple pomace (NWAP)/75 % (w/dry w) 
washed orange pomace (WOP) (a), 50 % (w/dry w) NWAP/50 % (w/dry w) WOP (b) and 75 % (w/dry w) NWAP/25 % 
(w/dry w) WOP (c). Images of the same compositions but with an additive of 15 % (w/w) GLY (d), 10 % (w/w) GLY (e) and 
5 % (w/w) GLY (f) respectively are also shown. 

(c) (b) (a) 

(f) (e) (d) 



 

 

 
Figure 16. Measured tensile strength and elongation at max for compression molded compositions of not washed apple 
pomace (NWAP), washed orange pomace (WOP) and glycerol (GLY). 

 
Table 5. The thickness of the compression molded plates based on not washed apple pomace (NWAP), washed orange 
pomace (WOP) and glycerol (GLY). Dw is an abbreviation for dry weight. 

Sample 

25 % 
(w/w) 

NWAP & 
75 % 
(w/w) 
WOP 

50 % 
(w/w) 

NWAP & 
50 % 
(w/w) 
WOP 

75 wt% 
NWAP & 
25 wt% 

WOP 

25 dw% 
NWAP & 
75 dw% 
WOP w. 
15 wt% 

GLY 

50 dw% 
NWAP & 
50 dw% 
WOP w. 
10 wt% 

GLY 

5 dw% 
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The tensile tests for the mixture of 75 % (w/w) NWAP/25 % (w/w) WOP and the pure NWAP 
sample pressed at standard conditions indicate that the addition of 25 wt% WOP does not 
lead to enhanced mechanical properties. Both the TS and the EAM value decreased from 3.7 
MPa and 1.6 % to 3.6 MPa and 0.85 %. 
 
An increase of the TS is observed from 3.6 MPa to 5.9 MPa as the mass percentage of WOP 
was increased from 25 % (w/w) to 50 % (w/w) and 75 % (w/w) at the same time as the level 
of NWAP was reduced. The EAM for the same samples showed the reversed behavior and 
decreased from 0.85 % to 0.30 % when the NWAP decreased from 75 % (w/w) to 50 % (w/w) 
and finally to 25 % (w/w). For all mixtures, standard pressing conditions were used. As WOP 
does not contain sugar or plasticizer due to washing, when added to the NWAP containing 
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sugar the overall level of plasticizer is decreased in the resulting sample. Thus, the elongation 
at max is decreased at the same time as the tensile strength is increased. 
 
It was observed that NWAP with an additive of 15 % (w/w) or 30 % (w/w) of GLY yielded broken 
or fragile plates. Therefore, the GLY was added in a low amount in comparison to the amount 
of NWAP present in the sample. Consequently, the resulting plates after pressing that 
consisted of 75 % (w/dry w) NWAP/25 % (w/dry w) WOP, 50 % (w/dry w) NWAP/50 % (w/dry 
w) WOP and 25 % (w/dry w) NWAP/75 % (w/dry w) WOP with an additive of 5 % (w/w), 10 % 
(w/w) and 15 % (w/w) of GLY respectively, exhibited similar TS and EAM values. The TS for all 
samples varied in the range 1.9 – 2.2 MPa and the EAM in the range 0.41 – 0.79 %. 
  



 

 

4. CONCLUSIONS 
 

Applying a compression molding technique for apple pomace can create 3D structures. 
Highest values in terms of tensile strength and elongation at max for the compressed materials 
was reached with a mixture of washed apple pomace and glycerol but similar properties were 
achieved by only using (not washed) apple pomace; leaving the plasticizing effect to the 
natural occurring sugars. Orange waste can be added to the apple pomace to increase the 
tensile strength at the expense of the elongation at max. Time and pressure as well as the 
apple pomace powder size greatly effects the mechanical properties. 
 
Formation of plastic films was possible using apple pomace. The films showed lower tensile 
strength and higher elongation at max than films from orange waste created by the same 
casting method. Generally, adding more plasticizer lowered the tensile strength and increased 
the elongation at max for both the films and the compressed materials. Finally, using apple 
pomace creates new opportunities to produce environmentally friendly organic materials 
from waste products which could be a future solution to the question of plastic pollution. 
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5. FUTURE WORK 
 
What would be interesting to test would be higher and lower temperatures when compression 
molding. Testing could also be done with molding and without heating to see if it is possible 
at all. Similar testing could be done with pressure. There are many combinations between 
temperature, pressure, time, glycerol levels that have not been tested and further exploration 
with different combinations while compression molding could give new insights of optimal 
material combinations. 
 
Films could be tested with larger particle size. Testing with 0.2 mm and 1.0 mm particle size 
will most likely not result in same result as 0.08 mm. Moreover, a mixture of apple pomace 
powder and orange pomace powder could be tested film production.  
 
Mixing apple pomace powder with orange pomace with different particle sizes for 
compression molding could give interesting results. A trial with 0.2 mm particles from apple 
pomace and 1.0 mm particle from orange pomace could show that the sugar in apple pomace 
can act as a plasticizer to the orange pomace. Also, as with only apple pomace, testing more 
combinations of parameters would be interesting. Something that was not tested due to time 
constraint was plastic films with apple pomace and orange pomace. 
 
Results show that apple pomace can under heat and pressure be molded into different shapes. 
The shapes molded were a flat surface and a cup like structure. More research in to usages of 
the shapes and films could be done. Other shapes might be interesting to test, cutlery could 
be tested to show if it could be used as disposable cutlery directly after pressing. Simply 
explore what the material can be used for. 
 
It could also be interesting to see if the material is water resistant and if so, for how long it can 
withstand water. Exposed to other environmental factors like sunlight, how fast it will break 
down would also be good to test. Testing biodegradability could also be done. 
 
Knowing the apple pomace consists of will help coming to the right conclusions when 
analyzing the results. Finding out how much nutrients, sugars and fibers should be done in the 
future. 
 
 
 
 

Abbreviations 
 
AP apple pomace 
NWAP not washed apple pomace 
WAP washed apple pomace 
OP orange pomace 
WOP washed orange pomace 
GLY glycerol 
TS tensile strength 
EAM elongation at max  
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