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Summary

Å Introductionon carotenoidsand apocarotenoids

Å On-line (SFE-SFC) Instrumentalfeatures

Å Literature overview on previous applications

Å SFE-SFC-QqQMScarotenoidsand apocarotenoidsanalysis

in foods (peppersand tamarillo) and biologicalfluid (human bloodand 

colostrum)



Å Carotenoids,the mostdiffusepigmentsin nature,aremadeup of 8 isoprenoid
units,with variousendgroupsat the C40 skeleton,resultingin a greatvarietyof
different compounds.

Classifiedinto: Carotenes(hydrocarbons)Xantophylls(oxygenatedcarotenoids).

Å Theyare found in plants in the free form or as fatty acid esters. Mono- or
dihydroxylatedcarotenoidsoften occurin the morestableesterifiedform.

Carotenoids

capsanthin

Å Theyarean important sourceof vitamin A in manydietsandmayprotect from
developmentof degenerativediseasessuchas maculardegeneration,cancer,
andheartdisease.



Apocarotenoids

Å Apocarotenoidsare oxidativecleavageproductsderivedfrom carotenoidsthat
servefunctionsin plant andanimals.

Å Are generatedby chemicalor enzymaticsymmetricalor asymmetricalcleavage
in plants(CCDs) andanimals(BCOs).

Å Are involved in myriad of biologicalprocesses, e.g. mitocondrial metabolism,
vision(retinods) etc.

Å Relativelyfew studiesare availablein the literature on their occurencein food
andbiologicalsamples.

Å Recentsstudieshaveshownthat their activitiesmight be more important than
the oneof their parentcarotenoids.

-̡Apo-8'-Carotenal



Cleavageof ɓ-Carotene
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n = 4, 6, 8, 10 

Carotenoidsand apocarotenoidsesters

The possible formation of different Apo-уΩ-zeaxanthinal fatty 
acids esters (from caproicacid (C6:0) to lauricacid C12:0) from 

free Apo-уΩ-zeaxanthinal.



Online SFE-SFC-QqQMS
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Carotenoidsin chilli peppers



Sample15

Sample5

Sample3

Sample Cultivar Species
Sample 1 Aji Capsicumbaccatum
Sample 2 EroticPepper Capsicumbaccatum
Sample3 Jimmy Capsicum baccatum
Sample 4 Banana Pepper Capsicumannum
Sample5 CaiennaImpala Capsicum annum
Sample6 WŀƭŀǇŜƶƻ Capsicum annum
Sample7 Terenzio Capsicum annum
Sample 8 Calabrianpepper Capsicum annum
Sample9 Scotch Bonnet Capsicum chinense
Sample10 Habanero Red Savina Capsicum chinense
Sample11 Habanero Fatal Capsicum chinense
Sample12 Habanero Chocolate Capsicum chinense
Sample13 Naga Morich Capsicum chinense
Sample14 Naga Yellow Capsicum chinense
Sample15 Naga Chocolate Capsicum chinense
Sample16 Trinidad Scorpion Capsicum chinense
Sample 17 Trinidad Scorpion MorugaYellow Capsicum chinense

Sample 4

Sample 1

Sample6

Sample10

Sample11 Sample13

Sample14

Sample7

Sample16

Sample 17

Sample 8

Sample 2

CapsicumSpecies

Sample9

Sample12



Sample preparation

0.5 g of Capsicum 

pepper

+

0.5 g of absorbent 

powder

100 mg of 
mixture



Analytical Conditions for the SFE-SFC-APCI/MS 
analysis

Solvent
A) CO2

B) Methanol

Flow rate
0-1 min 2mL/min; 1-4 min 3 mL/min; 4-20 min 
2mL/min

Extraction
0-3 min. Static mode (B.Conc. 5 %)
3-4 min. Dynamic mode (B.Conc. 10%)

Extraction vessel 
temperature

40, 50, 60, 70, and 80ᴈ

BPR 15 MPa

Make-up Methanol

SFE conditions 

Total Extraction time: 4 min including static and dynamic extraction 



Analytical Condition for the SFE-SFC-APCI/MS analysis

Column Ascentis Express C30, 150 mm ×пΦс ƳƳΣ нΦт ˃Ƴ d.p.

Mobile phase
A) CO2

B) Methanol

Gradient program 0-2 min, 0% B; 2-10 min 40% B; 10-13 min 40% B;

Flow rate 2 mL / min

Make-up 1 mL/ min Methanol

Column temperature 35ᴈ

BPR 15 MPa 

MS Acquisition mode 
(APCI)

SCAN (+)/(-); SIM (+)/(-); MRM (+)/(-)

SFC conditions



Optimization of the extraction

Multiple extractions, until depletion, were performed on the same sample, 
in order to evaluate the average extraction.

Temperature °C 1°extract. % Min. extract. % Max. extract. %

80 47.9 46.5 62.7

70 45.1 30.3 58.8

60 42.7 28.5 56.4

50 41.2 27.8 56.0

40 37.8 24.4 52.2

Overall average value



Multiextraction

Multiple extractions were performed on six samples, two for cultivar, 
at a temperature of 80 °C.

Compounds 1°extract. % 2°extract. % 3°extract. %

-̡Carotene 46.5 31.8 21.7

-̡Cryptoxanthin 48.3 40.5 11.1

Lutein 44.7 37.1 18.3

Zeaxanthin 45.5 43.8 10.7

Capsanthin 44.7 43.5 11.8

Apo-8-Carotenal 62.7 37.3 0

-̡Citraurin 59.2 40.8 0

Average 47.9 38.6 10.5



Zeaxanthin Lutein -̡Citraurin Apo-8-Carotenal Capsanthin -̡Carotene -̡Cryptoxanthin

LoDmg L-1 0.04 0.07 0.05 0.06 0.03 0.13 0.28

LoQmg L-1 0.15 0.20 0.18 0.21 0.10 0.18 0.17

Recovery% 46.5 48.3 44.7 45.5 44.7 62.7 59.2

Repeatability
CV%

14.3 10.1 11.9 11.0 8.4 9.1 12.1

The method has been validated in terms of LoQ, LoD, recovery% and repeatability

Method validation



mg/100 g Zeaxanthin Lutein Capsanthin -̡Carotene -̡Cryptoxanthin Apo-8-Carotenal -̡Citraurin

Sample 1 0.133 0.105 0.047 0.129 0.075 0.005 Җ LoD
Sample 2 0.209 0.250 0.077 3.711 2.781 0.007 Җ LoD

Sample 3 0.125 0.055 0.049 3.644 0.282 0.006 Җ LoD
Sample 4 0.107 0.939 Җ LoD Җ LoD 0.114 ҖLoD Җ LoD

Sample 5 3.113 0.315 6.699 26.158 1.330 0.014 Җ LoD
Sample 6 0.869 0.922 2.030 Җ LoD 0.551 0.012 0.009

Sample 7 0.528 0.584 0.859 6.345 0.351 0.006 Җ LoD
Sample 8 0.310 0.105 0.277 19.698 0.313 ҖLoD Җ LoD

Sample 9 0.658 0.228 0.145 0.225 0.467 0.006 0.013
Sample 10 0.662 0.433 0.922 15.108 0.732 0.034 0.061
Sample 11 0.195 0.332 0.058 1.109 0.143 0.008 Җ LoD
Sample 12 0.311 0.693 0.291 17.251 0.276 0.005 Җ LoD
Sample 13 0.369 0.095 1.104 17.586 0.459 0.005 0.008

Sample 14 0.168 0.869 0.047 0.066 0.090 ҖLoD Җ LoD
Sample 15 0.388 0.074 0.763 14.837 0.173 0.005 0.014

Sample 16 0.225 0.874 0.351 5.764 0.191 ҖLoD Җ LoD
Sample 17 0.392 0.674 0.086 4.838 0.441 0.006 0.009

Quantitative profile



Carotenoidsin tamarillo

samples



Sample preparation for SFE-SFC analysis

5 mL

0.2 mL

10 mg of yellow tamarillosample  

+ 1 g of adsorbent powder

Vessel loaded with 100 mg 

(considering the dilution factor a final 

amount of 1mg of sample was 

employed)



Carotenoids in tamarillo



Solid-Liquid extracionof carotenoidfrom tamarillo

Sample amount3 g (lyophilizedsample)

[10 mL(Hexane+ 0.1%  BHT) sonicationfor 15 min] × 3 times

The extractswerecombinedand the solventswere
evaporateduntil dry

The dry residue wasthen dissolvedin a mixtureof 

MeOH/MTBE (1:1), filtered and analysed

[10 mL(EtAc+ 0.1%  BHT) sonicationfor 15 min] until
decoloration



Comparisonof  Quantitative data

Compound SLE-SFC (mg/100mg) SFE-SFC (mg/100mg)

ɓ-Carotene 3.1 3.3

ɓ -Cryptoxanthin 0.1 0.1



Carotenoidsanalysisin blood/serum/plasma samples

Most recentapplications



Background HPLC-DAD-MS

Target: Carotenoids
Sample: 1 mL of Serum
Extraction: 1 mL of 0.01% vitaminC in EtOHfor proteinprecipitation.
+ 1 mL ethyl acetate+ 3 mL Hex, vortexing , shaking, centrifuging,
collecting the supernatant. + 3 mL Hex (all the procedure�î 3).
EvaporatedunderN2. Dissolvedin 50 µL of dichloromethane+ 1 mL of
IS andinjecting20µL into HPLC.
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