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verbal méme que nous allons co-
pier.
« Apres avoir fait lever les feellés
en préfence de tous les fulnommés 4
nous avons trouvé , dans la caflette,
- - unc écuelle , dans laquelle il y avoit
Friture plate " \ Il),‘ de la foupe , & deux plats d'étain
.\

dans l'un .iru;.m'h étosent des hari-

cots fricafles , dans "autre quelques
MOrceaux de pommes de terre frites
& artendu que lefdits heurs Girardet
& la Boulaye font ici préfens, nous

avons pris & recu leur ferment fur

Pommes de terre = nourriture unique du “peuple”

Pommes de terre frites
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CAPTAIN WAKREN'® PATENT COGMING ATVARATIN,
THE ABKY AND WATT.

Gas Cooking Stove, T'. Phillips, 63, Skinner Street, London,
This n]qu..'n:u»- congists of & cylindrie: oot iT0on) CREe C

ches bigh. In*

ght inches from the top, mdm}; the
0

mterior in two, l‘m upper part being for baking, the lower

for rossting. In the Intter the meat lmz)ga by a hook in the
the whalo is Lested by & ving of bearnems round

the bottom, & teay standing in the middle to receive (be

Erxv_v. On :.“lu‘ l'up tl:t' the appe 'u.\;: ; u._u.cv.lll]'c r:‘ng “ o

ToeT, over whach e vou > 1) O H <
hich meat can b, fyed; 40d at one side of it s two Friteuse continue “tunnel Espace de stockage des pommes de terre

bailing mmaller vessols, 'n..- appamtus is

vided w h n main and branches to each of the several parts,

and all pecvesary stop cocks, It was convected with &

o, 55 Shosait) Freeman McBeth, J.D. Ferry Co.

Frying.—Chopa weighing together 105 b, were cooked
under t ring of ges jots in 43 minutes; and were thes
seplaced by o steak 6 lh, which wig eooked in 14 minutes,
with & loss i weight of 183 per ceat. in weight, A single
chop was also cooked in 13 minutes.
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Friteuse électrique “fermée”

Fried potato product

Credit Ruud-van-der Sman
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Moins oxydé, moins d’odeur,

matiéres grasses plus
insaturées

B

Réducticn de la valeur nutriticnnelle

Scission: composés velatiles, edeurs, compesés cytotexiques
Pelymérisaticn: encrassement

Cyclisation: composés texiques

Table 1=-Moistare and oil content of frozen

par-fried French fries
finish-fried in palm olein

Oil content

Notation Value
Muoisture ( fat-lree (“

based on

fat-free the mass of
Sample content (

) dry basis)  drey basis) French fries

From: J. Food Sci. 2012 71(1),E32-E36

Echange d’huile, moins gras

L'huile de préfriture est perdue lers de l'étape de
reconstitution

La teneur en matiére grasse peu varier de 4 % (w/w)
a 25% (w/w) pour des frites précengelées suivant la
technelcegie utilisée

Ajout de nouvelles fenctions a 'cpération de
friture dont « cil shield »
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Immersion stage

“ Solid phases = starch, cell walls (cellulose pectins) === < Solid phases = starch, cell walls (cellulose pectins) + reaction
«+ Liquid phase = WATER (almost no oil) I products

*» Gas phase = PURE STEAM *» Liquid phases = water + OIL
*» (Gas phase = mixture AIR + residual water vapor




liquid water

Vitrac, O. et al. (2000). Eur. J. Lipid Sci. Technol. 102 (8-9), 529-538
Vitrac, O. et al. (2003). J. Food Eng. 60 (2), 111-124.




Immersion stage

=000 s @150°C t=000 s @180°C

|N?A = Vitrac, O. et al. (2003). J. Food Eng. 60 (2), 111-124,
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- reconstructed
1' -~ 80% confidence interval

150 kW - m—2




Immeraion

convective heat transfer coefficient: h
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Viitrac, O and Trystram, G. (2005). Chem. Eng. Sci. 60(5), 1219-1236



I MWM, Afagp, THERMODYNAMIC EQUILIBRIUM

(can be reproduced using super heated steam)
(e.g., 1.5 mm thick cassava chips)

160 . — 0 %

5 140 0,02 2

3./ @)

° ] / / ' -

2 120 -0,04 2

— . @)

" 2 [ — . N

. m £ 100 T Jrmmmm b S i <0,06 D

- > . / 5

5 100 o <

g™ A 80 / E 0,08 2

“tn | A 60 ——+———+——+———+———+——+—+— 01 =
0 Oy 2 150 0 20 40 60 80 100 120 140

HEATING time ()

DRYING RATE

Vitrac, O. et al. (2002). J. Food Eng. 53, 161-176.




Immersion Afo.gz (no air)
Ischaric scrpticn curves (crust of French fries)
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Without air: a angfe%umdynwnw cure
(e.g., for curve fer each reaw material)

1)gelatinization, enzyme, microorganism
2)Maillard reactions
3)retrogradation, glass transition

X

4 3
0

0 - raw material
A - rich product (French fries, crumb)
B - intermediate product

C - dried, rigid product (crust, chips)

Y

curve imposed by the

—_
g = thermodynamical
c sren o8
i boding curve followed Q equilibrium between
H o D masopie o + adsorbed water and
¢ W‘\d j 8 free water (boiling point of
ORI N “bound water”)
= 5
s
. ©
heating
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::EE%:- IN?A m Vitrac, O. et al., In “Transport Phenomena in Food Processing” (2003) 29:445

SCIENCE & IMPACT Achir et al. (2008). Chem Eng Process, 47(11), 1953-1967



[
mmerdLon T(*0), P (kPa)

(e.g., thermeostable alginate gel) o Starchygel 4kPa | -36 kPa

140 | P
120 -
|

Initial water content
= 2.7 kg/kg d.b.
autonomous
temperature
£ pressure
2 logger
« Rich-water gel
alginate gel Initial water content
cylinder = 13.2 kg/kg d.b.

FRYING COOLING

Vitrac et al. Eur. J. Lipid Sci. Technol. (2000) 102:529
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Q T=130a180"C
tean . ; a L . : :
: . ° Q sticking and capillary migration
of superficial oil

thermal gradient
= driving force

inner steam condensation
= AP0
= shrinkage and oil uptake

frying cooling

overpressure
pressure drop

(__

Achir, N., Vitrac, O., Trystram, G., Heat and mass transfer during frying

a0 \ v
I N?A ) g . In"Advances in Deep-Fat Frying", S. Sahin, S.G. Sumunu, (Eds.), CRC Press, Boca-Raton, 5, 2010.
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= m E “®:  Vauvre, J-M. et al., Eur. J. Lipid Sci Technol. (2014), 116, 741-755
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9s
+t1+t2=5min

‘?;' Technology, 2" Edition” (Chapter 17), J. Singh and Lovedeep Kaur (Eds.), Academic Press, 2018

= |N?A s® g .+, Patsioura, A. et al., Mechanisms of Oil Uptake in French Fries, In “Advances in Potato Chemistry and
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® .s, Patsioura, A. et al., Mechanisms of Oil Uptake in French Fries, In “Advances in Potato Chemistry and
E %" Technology, 2" Edition” (Chapter 17), J. Singh and Lovedeep Kaur (Eds.), Academic Press, 2018
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Touffet M, Trystram G, Vitrac O. Revisiting the mechanisms of oil uptake during
deep-frying. Food and Bioproducts Processing. 2019;submitted
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Touffet M, Trystram G, Vitrac O. Revisiting the mechanisms of oil uptake during

deep-frying. Food and Bioproducts Processing. 2019;submitted
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Vauvre et al. AIChE J. (2015) 61(7), 2329-2353
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Effect off cellulor damage

** Damage prefiles ** Oil uptake kinetics: .
saturation s(t) i
<d>=04 <d>=0.25 ERE
surface oil

layer 1
— layer 2
~layer 3
layer 4

e "\" shape, <a>=0.4

Yy sha.'V" shape
"ﬂat'- "ﬂat-

"flat", <d>=0.4

-|"V" shape, <d>=0.25

--------------------------------------------------------------- "flat", <d>=0.25
o "hat", <d>=0.4

------------------------------------------------------------------------------------------------------------------------------ "hat", <d>=0.25

Vauvre et al. AIChE J. (2015) 61(7), 2329-2353
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hot died oil {(SuL, 120°C)
1, 6-diphenyl-1,3 5-hexatriene
Em 400-500 nm @ Ex 295 nm

g heater
potato crust
(Em 300-500 nm @ Ex 295 m)

K G

Epifivorescence mode

Inverted microscope

Lens magnification x10

UV light {295 nm, 400 mA)

" SULEIL
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61PERMTER: frame 001/300
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s 21 frame_ 1-300: frame 001/300
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51 frame_190-300: frame 001/111

5 43 frame 1-176: frame 001/176

Patisoura et al. AIChE J. (2015) 61(4), 1427-1446
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t=0.0125s

Droplet mass (mg)
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A. Patsioura, et al, Food and Bioproducts Processing 2017, 101, 84-99.
M. Touffet et al., Journal of Food Engineering 2018, 224, 1-16.
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Fg: oil content

drippable cil

T
Surface cocling frem 140°C
down te 140°C in 80°C

dripped cil

Reference
French-fry




Facteurs limitants la prise d’huile

Surpression interne (infermédiaire)
Présence d'air (difficile)

Allonger le temps d'égouttage au dela

de 7 s (infermediaire)
Force centrifuge ou autres (a:mﬂe)

Nouveaux paniers (simple)

O Facteurs faverisant la prise d’huile

® O 58 | SuTONEe

Pomme de terre immergee congélée
Produit frais decoupé

Retrait trop rapide du bain d’huile
Refroidissement trop rapide

Huile a point de fusion élevé (saturee)

Egouttage en lit




