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  and	
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Cul=vated	
  chicories:	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  Industrial	
  chicory:	
  variety	
  sa#vum	
  

GFn	
  
-­‐	
  Coffee	
  subs=tute	
  (STL)	
  	
  
-­‐	
  Func=onal	
  food	
  (FOS	
  and	
  inulin)	
  

Wild	
  chicory:	
  
Cichorium	
  intybus	
  L.	
  

	
  
Tradi=onal	
  
medicinal	
  herb:	
  	
  
Liver,	
  diges=on.	
  	
  

Chicories,	
  Asteraceae	
  



•  Glucose,	
  Fructose,	
  Sucrose	
  contents	
  
•  Polyfructosaccharides	
  average	
  degree	
  of	
  polymerisa=on	
  
	
  
	
  
	
  
	
  

	
  
	
  	
  	
  	
  	
  	
  DP	
  	
  	
  	
  	
  	
  and	
  GFS	
  	
  	
  	
  	
  	
  	
  :	
  depends	
  on	
  weather	
  and	
  variety	
  
⇒  Harvest	
  in	
  a	
  short	
  period	
  =>	
  Reduce	
  variability	
  from	
  weather	
  
⇒  Analysis	
  in	
  max	
  2	
  months	
  =>	
  Seeds	
  selec=on	
  for	
  next	
  year	
  
	
  

1	
  DP	
   2	
   9 22	
   50	
  3	
   10	
   23	
  

G,F	
   S	
   FOS	
   SHORT	
  &	
  MID	
  CHAIN	
  INULIN	
   LONG	
  CHAIN	
  INULIN	
  

Drying	
  issues	
  	
  
Poor	
  fiber	
  quality	
  	
  

Desirable	
  DPs	
   Solubility	
  issues	
  

Quality	
  markers	
  of	
  industrial	
  chicory	
  (regarding	
  sugars)	
  



Original	
  method…	
  
Automa=sed	
  colorimetric	
  method	
  

Advantage	
   Drawbacks	
  

High	
  Throughput:	
  	
  
25	
  min./analysis	
  but	
  
1½	
  min./sample	
  in	
  the	
  system	
  

Matrix	
  interferences	
  

High	
  maintenance	
  

Consumables	
  out	
  of	
  stock	
  

Requirements	
  for	
  the	
  new	
  methods	
  

Throughput	
   5000	
  batches	
  in	
  2	
  months	
  	
  =	
  	
  	
  125	
  batches	
  /	
  day	
  
=	
  6	
  min./batch	
  (1	
  analyFcal	
  system)	
  
=	
  12	
  min./batch	
  (2	
  analyFcal	
  systems)	
  

Sample	
  prep	
   CompaFble	
  with	
  the	
  throughput	
  of	
  analysis	
  and	
  a	
  low	
  level	
  of	
  operator	
  qualificaFon	
  

Safety	
   No	
  use	
  of	
  highly	
  hazardous	
  reagents	
  or	
  solvents	
  (CMR;	
  STOT)	
  

ValidaFon	
   No	
  need	
  for	
  high	
  precision	
  and	
  accuracy.	
  StaFsFcal	
  evaluaFon	
  of	
  populaFons	
  

…New	
  analy#cal	
  requirements	
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Liquid	
  chromatography	
  

	
  Main	
  difficul=es:	
  	
  ①	
  Polysaccharides	
  	
  ②	
  Salts	
  

0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0 11,0 12,0 13,0 14,0 15,0 16,0 17,0 18,0 19,0 20,0 21,0 22,0 23,0 24,0 25,0 26,0 27,0 28,0 29,0 30,0 31,0 32,0 33,0 34,0 35,0
-20

0
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100
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140 ESSAI 5 82.5% ACN #4 [modified by Administrateur] 7293004A CAD_1
pA

min

1 - 1,7702 - 1,825

3 - 1,948
4 - 2,088

5 - 6,820

6 - 8,285

7 - 14,382

8 - 23,345

9 - 23,563

10 - 23,722

11 - 23,977
12 - 24,25713 - 24,490

14 - 24,71215 - 24,913
16 - 25,12017 - 25,28818 - 25,30719 - 25,51020 - 25,92321 - 26,16022 - 26,39523 - 26,64524 - 26,87525 - 27,570

26 - 30,180

27 - 31,435

Flow: 1,000 ml/min

ACN: 82,5 %

50,0

82,5

%C: 0,0 %

%D: 0,0 %

F

G

S FOS	
  

Run	
  =	
  25	
  min.	
  
Back	
  pressure	
  	
  
>	
  300	
  bars	
  
100	
  runs/col.	
  

Run	
  =	
  18	
  min.	
  
Gradient	
  mode	
  
	
  	
  

F

G

S FOS	
  

S G FFOS	
  

HILIC
CAD	
  

AEC	
  
PAD	
  

IEC	
  	
  
RI	
  

Aler	
  op=misa=on:	
  	
  

Run	
  =	
  14	
  min.	
  	
  
Isocra=c	
  mode	
  
UPW	
  only	
  
500	
  runs/col.	
  	
  
50	
  runs/precol.	
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  ②	
  separa=on	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

⇒  Resolu=on	
  on	
  Silica	
  plates	
  

	
  
	
  
	
  

Thin-­‐Layer	
  Chromatography	
  

	
  	
  	
  	
  	
  	
  	
  	
  Main	
  difficul=es	
  
①	
  deriva=za=on	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

⇒  Compensa=on	
  of	
  content	
  gaps	
  

NSA	
   DAP	
   ABA	
  

G	
  

S	
  

F	
  

EtAc/MeOH/BOH1%	
  	
  	
  (11:7:2)	
  

NH2	
   Si	
  60	
  

ACN/W	
  	
  
(75:25)	
  

ACN/NP	
  1	
  mM	
  
(85:15)	
  

ACN/NP	
  3.6	
  
mM	
  (85:15)	
  

F	
  

G	
  

S	
  

F	
  

G	
  

S	
  

F+G	
  

S	
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HPTLC:	
  op#mized	
  analy#cal	
  method	
  
Applica=on	
  (ATS4)	
  

5.5	
  mm	
  bands	
  
0.8	
  mm	
  distance	
  
6	
  calibraFon	
  points	
  
=>	
  44	
  samples	
  /plate	
  

45	
  min./plate	
  

Chromatography	
  (Horizontal)	
  

ACN/NP	
  3,6mM	
  (85:15)	
   8	
  min./plate	
  	
  

Deriva=za=on	
  (immersion)	
  

Speed	
  4	
  cm/s	
  
Time:	
  0	
  sec	
  
Heat:	
  140°C	
  ;	
  5	
  min.	
  

12	
  min./plate	
  

Documenta=on:	
  

UV	
  366	
  nm	
  	
   3	
  min./plate	
  

Densitometry	
  (Scanner	
  4)	
  	
  

Fluo	
  366/>	
  400	
  nm	
  
Distance:	
  35	
  mm	
  
Slit	
  3	
  x	
  0.20	
  mm	
  
Speed	
  20	
  mm/s	
  

15	
  min./plate	
  

Sucrose	
  

Glucose	
   Fructose	
  

45	
  min./plate	
  	
  ≈	
  	
  1	
  min./sample	
  

FOS	
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Op=mized	
  sample	
  prepara=on:	
  	
  

①	
  Thawing,	
  homogenizaFon	
  and	
  parFal	
  inacFvaFon	
  
• Frozen	
  samples	
  stored	
  in	
  2	
  ml	
  centrifuge	
  tubes	
  
• Shaking	
  block	
  heater:	
  5	
  min;	
  80°C	
  

②	
  CentrifugaFon	
  	
  
• SeparaFon	
  of	
  the	
  precipitate	
  (proteins	
  and	
  fibers)	
  
• 18	
  000	
  G;	
  10	
  min	
  

③	
  DiluFon	
  
• 	
  2	
  diluFons	
  for	
  HPTLC;	
  1	
  diluFon	
  for	
  HPLC	
  
• Solvent	
  =	
  Water	
  
• MulFple	
  automaFc	
  pipeeng	
  
• 	
  Deepwell	
  plates	
  (2	
  ml)	
  

③	
  CentrifugaFon	
  
• Directly	
  in	
  deepwell	
  plates	
  with	
  	
  sealing	
  mats	
  
• 	
  4	
  000	
  G;	
  10	
  min.	
  



2	
  HPLC-­‐RI	
   1	
  HPTLC	
  

Sample	
  prep	
   Consumables	
   3	
  000	
   2	
  000	
  

Equipments	
   2	
  000	
   2	
  000	
  

Analysis	
   Consumables	
   33	
  000	
   5	
  000	
  

Equipments	
   22	
  000	
   16	
  000	
  

Total	
  materials	
   60	
  000	
  €	
   25	
  000	
  €	
  

Human	
  
resources	
  

Weeks	
   14	
   7	
  	
  

Technicians	
   1	
   2	
  

Total	
  HR	
   10	
  000	
  €	
   10	
  000	
  €	
  

Total/year	
   70	
  000	
  €	
   35	
  000	
  €	
  

Total/sample	
   14	
  €	
   7	
  €	
  

Times	
  and	
  costs	
  comparison	
  (analysis	
  in	
  duplicate)	
  	
  



HPLC	
  method	
   HPTLC	
  method	
  

Hazards	
   •  No	
  organic	
  solvents	
  	
  
•  Ultrapure	
  water	
  only	
  

•  Solvents	
  in	
  small	
  amounts	
  	
  
•  No	
  SGH06	
  or	
  08	
  

Sample	
  prep	
   One	
  step	
  diluFon	
   Two	
  steps	
  diluFon	
  

Time	
  of	
  analysis	
   14	
  minutes	
   1	
  minute	
  

Equipments	
  	
   Cheaper	
  system	
  (purchase)	
   Cheaper	
  maintenance	
  

Consumables	
   Expensive	
  columns	
   Cheaper	
  plates	
  

AutomaFon	
  	
   Fully	
  automaFsed	
   ApplicaFon	
  and	
  scanning	
  only	
  

ValidaFon	
   Good	
  repeatability	
  	
  (CV	
  <	
  5%)	
  
Accuracy	
  <	
  10%	
  

Lower	
  repeatability	
  and	
  accuracy	
  	
  
(up	
  to	
  15-­‐20	
  %)	
  

Results/costs	
   Single	
  analysis/sample	
  
=>	
  7	
  weeks;	
  48	
  k€/year	
  

Duplicated	
  sample	
  prep	
  +	
  analysis	
  
=>	
  7	
  weeks;	
  35	
  k€/year	
  

Conclusion	
  

⇒  HPTLC	
  is	
  the	
  profitable	
  technique!	
  	
  



Thank	
  you	
  for	
  your	
  awen=on	
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