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 Food color: sensory characteristics

 Important for consumers

 Industrials : High production of dyes
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 Discovery of the toxicity of certain artificial colors:
carcinogen, hyperactivity, attention deficits

 Current trends : return to natural food

 Industrials: more enthusiasm for dyes of 
natural origin

Interdictions

Foodsafetynews, 2010Delgado-Vargas 2000
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 Natural pigments: anthocyanins, caroténoids, chlorophylls et betalains

 anticancer

 antiviral

 antibacterial

 antioxidant activities…

Acosta et al. 2014 . Cejudo-Bastante et al. 2014

 betalains: water‐soluble

Strack et al. 2003
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 Cactus pear description

5T.T. Mauseth et al. 1997

Cladode FlowerFruits

Introduction Objectifs Matériel et méthodes Résultats et discussion Conclusions et perspectives

6

Le figuier de barbarie est également présent au Sénégal. 
Communément appelé « Gargambôcé », (littoral du pays).

Son utilisation est réduite à la constitution de haies vives pour la 
sécurisation des champs et maisons dans certaines zones.

Cependant, il y est faiblement exploité malgré toutes ses 
potentialités. 

Il en résulte d’énormes pertes essentiellement causées par 
l’absence de technologies de conservation et de transformation 
appropriées.

 Cactus pear in Senegal
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MAIN OBJECTIVE

Contribute to national efforts to fight food insecurity and malnutrition 
by promoting the cactus pear
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3- clarification by microfiltration

 Main characteristics of the different membranes used

Manufacturer
material Pores size

diameter
(µm)

Water
permeability * 
(kg.h‐1.bar‐1. m‐2)

effective 
filtration 
area (cm2)

ORELIS Al2O3 0,1 144

55
ORELIS Al2O3 0,2 158
TAMI TiO2 0,2 170
PALL‐EXEKIA Al2O3 0,2 112
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 2 types of tests

𝐹𝑅𝑀 ൌ 𝑀௔𝑀௥ ൌ 𝑀௔𝑀௔ െ𝑀௣
Continuous extraction (FRM > 1) 

Recycling entire permeate
(Mass reduction ratio  FRM = 1) .

𝑀௔: total mass of the feed𝑀௥:mass of the retentate𝑀௣:mass of the permeate

3- clarification by microfiltration
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10 L

Tangential microfiltration laboratory pilot

3- clarification by microfiltration
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11ultra/nanofiltration pilot

0,0155 m2
3 L

30 °C

5 bar

30 bar

4- Separation by nano/ultrafiltration
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Membrane Manufacturer Material
molecular 

weight cut‐of 
(kDa)

Water
permeability *

(kg h-1 bar-1 m-2)

Ultrafiltration Microdyn
Nadir

UH004, 
polyethersulphone 4 20

Nanofiltration

Microdyn
Nadir

NP030, 
polyethersulphone 0,2 4

Microdyn
Nadir

NP010, 
polyethersulphone 1 11

Koch MPS 36, 
composite 1 7

4- Separation by nano/ultrafiltration
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R௜ ൌ 1 െ C୮୧C୤୧
 Equation of retention

Ri : retention of the compound i

Cpi : concentrations in g·kg−1 of the compound i in the permeate

Cfi : concentrations in g·kg−1 of the compound i in the feed

3-3- Exploitation of results

4- Separation by nano/ultrafiltration
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𝐶𝐹௜ ൌ 𝐶௜௙௜௡௔௟𝐶௜௜௡௜௧௜௔௟ ൌ 𝑭𝑹𝑴ோ೔𝑒஽௏ሺோ೔ିଵሻ
𝐶𝐹௜ ∶ 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑖
𝐶௜௙௜௡௔௟ ൌ 𝑓𝑖𝑛𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑖𝐶௜௜௡௜௧௜௔௟ ൌ 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑖
𝐹𝑅𝑀 ൌ Mass reduction ratio
𝑅௜ ൌ 𝑟𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑖

* Modélisation concentration bétalaïnes par UF/NF

𝐷𝑉 ൌ 𝑑𝑖𝑎𝑣𝑜𝑙𝑢𝑚𝑒 ∶ 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑎𝑑𝑑𝑒𝑑𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑟𝑒𝑡𝑒𝑛𝑎𝑡𝑒
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𝑆𝐹௜/௝ ൌ 𝐶𝐹௜𝐶𝐹௝ ൌ 𝑒𝑥𝑝 𝑅௜ െ 𝑅௝  ሺ𝑙𝑛 FRM ൅ 𝐷𝑉ሻ
S𝐹௜ ∶ 𝑆𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑖
𝐷𝑉 ൌ 𝑑𝑖𝑎𝑣𝑜𝑙𝑢𝑚𝑒 ∶ 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑎𝑑𝑑𝑒𝑑𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑟𝑒𝑡𝑒𝑛𝑎𝑡𝑒𝑅௜ ൌ 𝑟𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑖

* Modélisation concentration bétalaïnes par UF/NF

𝐶௜௙௜௡௔௟ ൌ 𝑓𝑖𝑛𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑖𝐶௜௜௡௜௧௜௔௟ ൌ 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑖
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1- Betacyanins extracted from raw cactus pear juice

549,1359 Da 
C25H24N2O13

Betanin Isobetanin

Neobetanin
551,1511 Da
C25H26N2O13

551,1512 Da
C25H26N2O13

min
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 Flux optimisations

2- Clarification

Pressure
Water

Betalains

Sugar, citric acid…

Insoluble fraction

Ultrazym
300 ppm
30°C
30 min
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Pressure
Water

Bétalains

Sugars, citric acid…

Insoluble fraction

2- Clarification

 Flux optimisations
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Orelis 0.2 µm - 3.32 bar Orelis 0.2 µm - 3.32 bar Pall Exekia 0.2 µm - 2.81 bar

Pall Exekia 0.2 µm - 2.81 bar Tami 0.2 µm - 3.32 bar Tami 0.2 µm - 2.29 bar

Jus liquéfié Jus brut

Permeate flux (Jp) 
increased by 

2 or 3

2- Clarification
 Flux optimisations
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Membranes

3- Ultra/nanofiltration

 Permeate flux
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 Concentration

Pression

Water

Bétalains

Sugar, citric acid…

3- Ultra/nanofiltration
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 Purification of betalains

Pression

Water

Betalains

Sugar, citric acid…

3- Ultra/nanofiltration
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 Fractionation of betalains

Pression

Water

Betanin/isobetanin

Neobetanin

3- Ultra/nanofiltration
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Nadir 0,2 kDa Koch 1 kDa
Nadir Nadir 

3- Ultra/nanofiltration
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3- Ultra/nanofiltration

A. Tamba and al., IFSET, 245‐255 (2019)
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96 % 100 %

 Purification modelisation

3- Ultra/nanofiltration
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 Fractionation modelisation

3- Ultra/nanofiltration
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 Pigment extraction by membrane process

Optimisation of extraction by fermentation (100 rpm, 30°C, 8%)

• Concentration: 
enzymatic treatment 300 ppm, 30 min
Orelis-0,2µm/3,32 bar
Nadir 0,2 kDa/15 bar)

• Purification: 
enzymatic treatment 300 ppm, 30 min
Nadir 1 kDa/ 10 bar
DV= 5 , FMR=7
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Economic evaluation of the process

Testing on a larger production scale

30
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