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✓The innovative citrus concentrate was obtained by cross-flow 
microfiltration. The in vitro static model used (Figure 1A) has been 

validated against human studies and considered as a reliable model for 
carotenoid behavior [1]. The dynamic gastrointestinal model DIDGI® 
used (Figure 1B) was controlled by the STORM software. Pro-vitamin 

A carotenoids (β-cryptoxanthin,  β-carotene) and flavanones 
glycosides (hesperidin, narirutin) were analyzed by HPLC-DAD. 

Figure	1.	Diagram	of	the	
sta2c	(1A)	and	dynamic	
(1B)	in	vitro	diges2on		

processes	used	for	
clemen2ne	concentrate	

✓Overall, these results indicated that approximately 5 – 7 mg/L of pro-vitamin A carotenoids 
were bioaccessible and 85 mg/L of soluble hesperidin after both in vitro digestion models, 
suggesting interesting contents for intestinal or colon absorption. The dynamic digestion 
confirmed the efficiency of the static model which estimates bioaccessibility and solubility in 
a faster, simpler and less expensive manner. On the other hand, the dynamic digestion model 
can be used to study kinetics of food digestion and reactivity allowing to uncover associated 
mechanisms (matrix effect or oxidative degradation).

* Corresponding author e-mail:  claudie.dhuique-mayer@cirad.fr 

Citrus juices and fruits, highly consumed worldwide, represent a significant dietary source                 

of  pro-vitamin A carotenoids and flavonoids which could contribute to the beneficial health 

effects of Citrus products. The aim of the present work was to assess the bioaccessibility      

of  the main carotenoids and flavanones of a new Citrus clementina concentrate specially 
enriched in β-cryptoxanthin and hesperidin. Dynamic vs Static in vitro digestion  systems 

were used to compare carotenoid micellarization and flavanone solubility. 

Static vs dynamic in vitro digestions of an innovative  

Citrus concentrate: Bioaccessibility of its phytomicronutrients 
   L. GENCE1, P. GOUPY2, C. GINIES2, C. DUFOUR2 AND C. DHUIQUE-MAYER1*

Gastric phase
Stirring,	37°C,	10	min

à pH	4
Pepsin (3	mg/mL)

Stirring,	37°C,	30	min

Duodenal phase
à pH	6

Pancreatin (0.35	mg/mL)
+	Bile	salts (13	mM)	&	enzyme	

Stirring,	37°C,	30	min

1A

Micellar fraction	
(absorbable	 form by	

intestinal	cells)Centrifugation
Filtration	(0.2	µm)

Duodenal
phase

Gastric
emptying

Duodenal
drain

HCl
Pepsin (0.1	mg/mL)

Pancreatin (0.35	mg/mL)
Bile	salts (17	mM)

Na2CO3

Gastric
compartment

pH	5	à 2

Duodenal
compartment

pH	6.5

1B

37°C

Stirring
Time:	120	min

Conclusion

✓ Carotenoid micellarization was slightly higher in the dynamic in vitro digestion 
compared to the static one (Table I). This can be accounted by varying bile contents  
which are higher until 38 min and then lower than in the static model.  In both 
digestion systems, β-cryptoxanthin bioaccessibility tended to be greater (15 to 21%) 
than that of  β-carotene (12 to 17%) due to molecule polarity and in agreement with 
literature [2]. 

✓ Finally, the dynamic system led to bioaccessibility kinetics which showed an 
optimal carotenoid micellarization at 90 min of digestion (Figure 2). 

��Results

Figure	3.	Duodenal	flavanone	
glycoside	contents	during	dynamic	
in	vitro	diges2on	of	the	concentrate
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Data	are	mean	and	SD,	n	=	3.	For	each	
carotenoid,	*	or	#	indicate	that	values	are	
significantly	different	from	t30	value	(p	<	0.05)	

Figure	2.	Kine2c	bioaccessibility	of	
carotenoids	during	dynamic	in	vitro	
diges2on	of	the	concentrate

In	vitro
digestion	model

Carotenoid
bioaccessibility	(%)

Flavanoneglycoside
solubility (%)

β-cryptoxanthin β-carotene Hesperidin Narirutin

Static
Mean 14.9 12.3 2.9 16.1*

SD 0.8 2.3 0.1 0.1

Dynamic
Mean 21.1‡ 17.3*‡ 2.8	 16.7*

SD 2.8 2.4 0.2 0.3

Table	I.	Bioaccessibility	of	pro-vitamin	A	carotenoids	and	solubility	of	flavanone	
glycosides	from	Clemen?ne	concentrate

Data	are	mean	and	SD,	n	=	3.	‡	indicates	significant	difference	between	digesEon	models	and	*	indicates	that	values	
in	the	same	case	are	significantly	different	(p	<	0.05)

✓ Additionally, hesperidin in the duodenal aqueous phase appeared very low   
(3%) in both models as limited by solubility while that of narirutin reached 16% 
(Table I). Total flavanone glycoside contents decreased around 35% during 
duodenal dynamic digestion as did their soluble contents (Figure 3). 

Methodology


