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Citrus juices are interesting sources of carotenoids especially β-carotene (BC) and β-cryptoxanthin (BCX) as pro-vitamin A which contribute with lycopene (LYC) to their
health benefits. Thanks to an innovative eco-friendly process that includes a crossflow microfiltration step1, carotenoids can be concentrated at low temperature. This
process also modifies physical properties of concentrates and so could affect carotenoid bioaccessibility. The aim of this study was to evaluate the effect of the main
processing parameters on both carotenoid bioaccessibility and process performance.
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Conclusion
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The dose of enzyme is the parameter to be focused on. It has to be optimized in order to find the best compromise between carotenoid bioaccessibility and process
performance. The other parameters were selected to give the best carotenoid bioaccessibility. Further investigations are needed to better understand the relationships
between the chemico-physical properties of the concentrates and carotenoid bioaccessibility.

1 Polidori J., Dhuique-Mayer C. & Dornier M. (2018). Crossflow microfiltration coupled with diafiltration to concentrate and purify carotenoids and flavonoids from citrus juices. Innovative Food Science and Emerging
Technologies, 45, 320-329.
2Gence L., Servent A., Poucheret P., Hiol A. & Dhuique-Mayer C. (2018). Pectin structure and particle size modify carotenoid bioaccessibility and uptake by Caco-2 cells in citrus juices vs. Concentrates, Food & Function,
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Characteristics of the initial juice
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Permeate flux varied from 15 to 121 kg h-1 m-2. It was strongly increased by the
dose of enzyme, filtration temperature and crossflow velocity.

Processing resulted in a four-fold increase in carotenoid content for all concentrates.
So, carotenoid content was not impacted by any of studied operating parameters.

Enzymatic dose was
the most influential
parameter on assessed
values resulting in a 
decrease of carotenoid
bioaccessibility, 
particle size and 
viscosity and in an 
increase of permeate
flux.   

No correlation between particle size (D[90]), viscosity (ƞ) and
bioaccessibility was hightlighted. Concentrates with high Jp were
characterized by low viscosity and low particle size.

Most influential operating parameters

Process performance

Carotenoid content and bioaccessibility were different between the three carotenoids.
Lycopene content was the highest but its bioaccessibility was the lowest.

0.97 1.08 1.04 0.75 1.14 0.92 0.98 0.87

0.98 1.15 1.12
0.82

1.47 1.12 1.08 0.88

1.52
1.79 1.90

1.18

3.01

1.51 1.18 2.13

0

2

4

6

C1 C2 C3 C4 C5 C6 C7 C8

B
/B

0

BCX BC LYC

Impact of processing on carotenoid bioaccessibility in citrus concentrates
obtained by microfiltration

Sophie Di CORCIA1* , Claudie DHUIQUE-MAYER1,2, Manuel DORNIER1

1 QualiSud, Univ. Montpellier, Cirad, Institut Agro, Univ. Avignon, Univ. La Réunion, Montpellier, France 
2 CIRAD, UMR QualiSud, F-34398 Montpellier, France

*Corresponding author : sophie.di_corcia@cirad.fr – Tel +33 6 95 74 36 90

Three processing steps with modulation of 7 operating parameters (Plackett-Burman experimental design)

Evaluation of the nutritional quality, process performance and physical properties of concentrates

Stirring
37°C

1) Gastric phase
pH 4

Pepsin

2) Duodenal phase
pH 6

Pancreatin & bile salts
Cholesterol esterase

Centrifugation
20 000 rpm,

4 h, 10°C

Filtration
0.2 µm

Micellar phase, 
form that can be absorbed by 

intestinal cells

Carotenoid bioaccessibility 
measurement

Physical characteristics

- Particle size distribution (LASER diffraction)
statistical diameter D(90)

- Rheological properties (Couette rheometer)
limit viscosity hlimit

g = 1000 s-1, 25°C

Process performance

Permeate flux Jp (kg h-1 m-2)
Carotenoid bioaccessibility: In vitro digestion by gastro-duodenal simulation2

Carotenoid content: HPLC-DAD C18, l = 450 & 470 nm

Nutritional quality

Results
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High Jp

Low Jp

Raw material
Formulated citrus juices

60% clementine,
40% grapefruit

Enzymatic liquefaction
Ultrazym AFP Novo

Crossflow microfiltration
0.2 µm tubular ceramic membrane, 

1.7 bar, mass reduction ratio 4.5
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Diafiltration (with-without)

5

6

4

8 concentrates
enriched in 
carotenoids

C1 to C8

Process impact on carotenoid pool

Carotenoid bioaccessibilities were effectively affected by processing and varied
between concentrates. They were mainly modifed by enzymatic liquefaction
conditions.

Relationship between physical characteristics,
carotenoid bioaccessibility and process performance
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