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1. Context

Importance of bioac/ve edible films for ecosystem
• The residue comes from a low degrada/on



2. Objectives

The present study evaluates blending of chitosan and
turmeric (Curcuma longa L.) pseudo-residues from SFE to
produce edible films and apply this film suspension as
coa=ng arracacha (Arracacia xanthorrhiza) in order to
expand its shelf life.

Arracacia xanthorrhiza
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Figure 1 – Steps of turmeric/chitosan film preparation 

 
Film thickness was measured using a digital micrometer (Absolute id-SX, Mitutoyo, Brazil) Three values 

were taken at random locations along the length of each sample and the mean value used for calculation. Uniaxial 
tensile tests were conducted until film fracture on a TA.XT Plus Texture Analyzer (Stable Micro System, Surrey, 
UK), with a 50 N load cell and tensile grips at initial separation of 80 mm. The tests were run using rectangular 
samples of 100 mm × 25 mm and cross-head speed of 80 mm/min, in accordance to ASTM D882–97 (ASTM 1997). 
Stress–strain curves were obtained for each test, and the analyzed parameters were: the ultimate stress (σ max, 
MPa), the elongation at break (ε max, %). 

 
2.2. Arracacia xanthorrhiza(Ax) preparation and physical-chemical characterization 

After the turmeric solution was ready, it was tested as a coating on arracacha. First, the vegetable was 
sanitized by submersion in sodium hypochlorite solution for 10 minutes, then, it was rinsed in running water to 
extract the excess of sodium hypochlorite. After air-dried, the vegetables were immersed in different kinds of 
solutions. They were divided in the following way: (I) control (submerged in no solution), (II) only chitosan, (III) 
a solution with 50% of chitosan and 50% of turmeric solution and a last one with (IV) only turmeric solution. So, 
in each of the four solutions, two to three potatoes were submerged.  

Firmness of vegetables was determined by TA.XT Plus Texture Analyzer (Stable Micro System, Surrey, 
UK) according to Salvador et al., 2009 with slight modification. A cylinder probe with diameter of ¼ inch was used 
and test conditions were: test speed of 2 mm/s, penetrating distance of 8 mm. The speed before and after the test 
was 1 mm/s and 10 mm/s, respectively. Firmness of samples was expressed as peak force (N), which was the 

 

Turmeric Residue 

Milling (35-mesh screen)

Hydration

Ultra-Turrax

Mechanical Stirring while in 
water bath

Mixing chitosan Blend

Drying

Repeat 3x 

Chitosan solution
(1% acetic acid 

solution + 1 mg/mL  
chitosan)



Tensile Strength (Mpa)
• Films

TA.XT Plus Texture Analyzer (Stable Micro System, Surrey, UK) 

3. Experiment



Arracacha coated with film suspension 

Day 1



pH-meter, Color test and firmness (peak force, N)
• Arracacha

TA.XT Plus Texture Analyzer (Stable Micro System, Surrey, UK) 
pH-meter (pH 3210, WTW, Germany) 

Portable colorimeter (MiniScan EZ 
4500L, HunterLab, USA) 

Test



 	

4	
	

maximum resistance force experienced by samples in the puncture test and obtained from the force–distance curves. 
These tests were conducted with three replicates for each group. 

A suspension of water: arracacha (200:60) was mixed in a blender mixer. pH, brix and color parameters 
were determined according to Nunes et al. (2008). pH and oBrix were measured using pHmeter (pH 3210, WTW, 
Germany) and a refractometer, respectively. Colorimetric measurements were carried out with a portable 
colorimeter (MiniScan EZ 4500L, HunterLab, USA). The color parameters are expressed using the color standards 
of CIELab – “Commission Internationate de L´Eclairage” system: lightness (L*) and chromaticity parameters a* 
(red-green) and b* (yellow-blue)”.  These tests were conducted with three replicates for each group. 
 

3. RESULTS AND DISCUSSION 

The film developed only with turmeric showed unsuccessful results due to the fibers present in the residue 
used (Figure 2A). They cracked after they were dried, even after changing the amount of sorbitol, residue and yet 
also reducing the time spent in the oven. From the blends using residue and chitosan, only the film containing 50% 
of turmeric and 50% of chitosan solutions were easy to manipulate (Figure 2B). The film was formed without a 
visible fibrous structure in its extent and was detached with no problems. 

 

 
Figure 2 – Films of (A)Turmeric and (B) blend containing 50% of turmeric and 50% of chitosan solutions. 

 
The mechanical properties of the developing films are presented in Table 1. Turmeric/chitosan blend were 

4-times less resistant (σ = 6.4 MPa) than chitosan films (σ = 28 MPa), with no difference concerning the film 
elongation. These results are expected due to the composition of turmeric residues, which are mainly composed of 
carbohydrates (51%, d.b.), fibers (30%, d.b.) proteins (12%, d.b.) and traces of lipids (1%, d.b.) and ash. (6%, d.b.). 
The introduction of such biopolymers may disrupt the chitosan matrix during film formation. However, chitosan 
uses were needed to enable the use of turmeric residues. 
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Table 1 - Mechanical Properties of blends (Turmeric/chitosan) and chitosan films. 

Films 
Thickness (mm) Tensile Strength, 

σ max (MPa) 
Elongation,  
ε max (%) 

Turmeric *  *  *  
Turmeric/chitosan 0.22 ± 0.08 6 ± 2a 2.4 ± 0.5a 

Chitosan 0.024 ± 0.002 28 ± 9b 2.1 ± 0.9a 
* Film couldn’t be formed. 
a-b Means with different superscript letters in the same column are statistically different at p < 0.05 according to the 
Tukey’s test. 

 
Peak force of arracacha peel or pulp, uncoated and coated, are presented in Table 2. Peel samples coated 

with turmeric and turmeric/chitosan were 16% harder than the uncoated or samples coated with chitosan. The 
presence of fibers in the turmeric based suspensions could increase the peak force, leaving the peel stiffer. On the 
other hand, the higher firmness of these samples could be due to the higher sample dehydration. When the pulps 
were analyzed, only samples coated with chitosan solution presented lower values of peak force (23.2MPa), 
compared to the others (27.8 MPa). The chitosan used as coating probably prevented water evaporation. Test during 
vegetable storage will be carried out to validate these results. 

 

Table 2 – Firmness (peak force, N) of arracacha peel or pulp, uncoated (control) and coated with turmeric, 
turmeric/chitosan blends, or chitosan.  

Films Peak force (N) 

 Peel Pulp 

Control 27 ± 1 b 27 ± 1b 

Turmeric 31 ± 1 a 29 ± 2 ab 

Turmeric/chitosan 31 ± 2 a 28 ± 2 ab 

Chitosan 27 ± 3 b 23 ± 2 c 
a-c Means with different superscript letters are statistically different at p < 0.05 according to the Tukey’s test. 
 

The uncoated and coated samples were kept refrigerated at 0 °C and their appearance have been observed 
for six days (Figure 3). As can be seen in the Figure, those with only turmeric and turmeric and chitosan coating 
showed that the yellowish color was preserved better than the others, leaving an appearance of less deterioration. 
Therefore, the coatings have the potential to be employed by the food industry, being able to add market value to 
fresh-cut vegetables. 
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• Chitosan was necessary to enable film manipula5on and improve the 
mechanical proper5es

• The coa5ng of arracacha was successful using 50/50 blends and only 
chitosan

5. Conclusions
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