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ST LO reinforced by two high-calibre facilities:

Dairy Platform Biological Resource Centre

? @A multidisciplinary and multiscale approach,
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25 PhD students P

80 standing fellow workers
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Q Structuration / destructuration mechanisms of
food matrix: from structural characterisation to digestion

Q Dairy processing and cheese making: toward
sustainable dairy systems

O Microbial interaction: food matrix and host cell
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Introduction (1)

©® Spray drying is a useful technique for water evaporation
using hot air, but very black box in nature.

® So the question is “how to anticipate the behaviour of dairy
products to drying ?”

® To date, there are 4/5 methods available to determine
precisely the parameters of spray drying for food products
before drying.

@ The first way to determine a priori & precisely the parameters
of spray drying for food products is via pilot / plant experiments
- expensive, time consuming, empirical & sometimes
unreliable.

© The other ways are = spray drying modeling based on drying
physics (transport phenomena, fluid mechanics, heat and mass
transfer, reaction engineering, particle engineering as well as
material science )

P
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Introduction (2)

® One difficulty remains = taking into account water availability
f(product)

Boundary
Surface of the droplet | layer
0, = 45°C; P, = 9853 Pa

Heat
@ Why ? transfer
* Kinetics of mass / heat transfer
phenomena and drying behaviour
depend on the water availability "
= needs extra energy to overcome Drying hot air Water
binding of water 6 = 200°C; P, = 1554 Pa transfer
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Step ©:

SENSOR
mRH (%) — T (°C)




Step O:
Desorption curve vs. time

“\N Falling rate :

Constant rate :
free water kounded water

WATER Energy L. +AE

Drying
Kinetics
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Step ©:
Desorption curve vs. time
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Step @: Calculation by INRA Software SD?P®
Integrating the ratio of bound and unbound

SD22P

Spray Drying Parameters
Simulation & Determination
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Skim Milk Concentrate @ 50% 15

Reduce Settings | Mass Flow rake Enthalpy Temperature aH
(ka DA (k2fkg DAY (=) {afkg DA RH (%)
Inlet air before heating | a5 | | 20 | | 7 | | 47,8 |
Inlet air afker heating 'T | ZS000 | | 245 | 225.2 | 7 | | 0,04 |
Cooling air 'C' | 000 | | a8 | 20 | 7 | | 47,8 |
Recirculation air 'R | 2000 | | i | | 20 | | 7 | | 47,8 |
Complementary: air 'C' | 0 | 17,5 | 0 | | 7 | | 183,3 |
Air iz (T+C+HR+C) 237.4 | 214,72 | | 7 | | 0,05 |
Outlet air 1 stage (I+C+R+C) | 7oo00 | [ zmz || sss || 458 || w0 |
IFE inlek air before heating | 37,8 | | 20 | | 7 | | 47,8 |
IFE inlet air after heating 'B' [ om0 | [ sz | 98.4 | 7| 1,2 |
IFE outlet air 'B' | 15000 | | g6 | 56.8 | 11 | | 10,2 |
Crverall outlet air (I+CHR+CHE) | 94000 | | 192,9 | 84.8 | 40,2 | | 10,7 |

i L=
Evaporation capacity (kafh 3125,2 02k [l e 107 €F rar | aUiEs efF ()
Wyater Flow rake in concentrate (kgfh) 3250,2 ew temperature of overall outlet air () 36,8

_oncentrate Flow rate (kafh) 6500 4 EmeRgy EelEmas fallag eeier)

Concentrate Flow rate {Ifh) 417 Energy consumption ratio (60°C) (kg
||} vapourkg water)

Concentrate density (- Yigld (0% (o) 43,5

Concentrate dry makter [9%) 50 Cosk ($iton water) 904

Powder maisture (%) 4 Cost (8 fkon poveder 835

Poveder Flow rate (kafh) 3385.6 kiwh cost () | 006

Concentrate temperature (C) 45 Corresponding standard breakpoink (%) 100

= Concentrate Cp(k3(kag, #Ch) |
= IN?A Drefault Prink Export i )~ 11
-

i
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Pilot workshop : Research
and development for
evaporation / drying

"MSD type" drying tower

80 kg of water evaporated
per hour

Biohov®
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Results
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Schuck P. et al. Drying by desorption: a tool to determine spray drying parameters. J Food Eng. 94,199-204 (2009),
Patel K. et al. One-dimensional simulation of co-current, dairy spray drying systems — pros and cons. Dairy Sci Technol. 90, 181-210 (2010),
Zhu P., et al. Simulating industrial spray drying operations using a reaction engineering approach and a modified desorption method. Drying Technol. 29, 419-428 (2011).

Zhu P. et al. Prediction of dry mass glass transition temperature and the spray drying behaviour of a concentrate using a desorption method. J Food Eng. 105, 460-467
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SENSOR
mRH (%) — T (°C)

PRODUCT

299222224

Removed water (mQ)

SD2P

Spray Drying Parameters
Simulation & Determination

Reduce Settings Massflowrats  Enthalpy  Temperature aH
(kg Dafh) (k3fkg DAY ) {afkaDA)

Inlet air before heating

Tnlet air after heating T

RH (%)

Cooling air ‘€'

Reciclstion s % = 7

7,8

Complementary air 'C'

A i (L4 CHRAC)

Quilet air 1 stage (1+CHR+C)H

IF nlet ai before heating

IF8 inkt ai after heating & [ 15000 ]

J [ ] [
oot Com | » ][ we ][]l

Overall outlet air (H+CHRAC4B)

R EE ) Wet bulb temperature of overal outlet air (°C)

Dew termperature of overal outet air (°C)
Water Fow rate in concentrate (kgih IR E )

Concentrate Fow rate (ka/h) G e (e

Energy consunption ratio (60°C) (ka
apourfkg water)
Concentrate densky (-) Yield (60°) (%)

Concentrate flow rate (1)

Concentrate dry matter (%) Cost (§/ton water)

Powder moisture (%) Cost (47ton porider)
Povder flow rate (ka/h) Kivh cost (8)

T ) Corresponding standard breakpoint (7)

Concentrate Cp (KJf(ka.C))

Defaulk
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How to optimize the energy cost of spray
drying of dairy products ?

(6, AH, H,m), [Concentrate] Outlet air
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Schuck P. et al. Thermohygrometric sensor: a tool for optimizing the spray drying process. Innov. Food Sci. and Emerg. Technol. 6, 45-5(
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How to optimize the energy cost of spray

sSD2P
ﬁ“m >
?ﬁ 7aba

& drying of dairy products ?
By variation of drying parameters and concentrate
parameters with the helpful on the INRA software (SD?P®) for

prediction.
- High interest to increase, the TS of the [C] and the T°C of

the inlet air before heating,

- High interest of the IFB for easy (drying) or difficult

(cooling) product to spray dry,
- Interest of the dehumidification the air v To increase the

production v' To have regular spray drying parameters (Major
air) and v' To decrease the powder temperature (IFB).

my __.-""""o (
= ® 1@ sTLo i . e 16
—=—= plateforme AMP (119 - ‘,""

= SCENCE&IMPACT [ESESWXR Ml fritp: /s rennes.inrafristlo ovesT isai :

JUIN 2016



c
i@
@
Ce
=04

IDDN.FR.001.480002.002.R.P.2005.000.30100
r une Boence sur logiciel concéd . R 1 it g o > Z accéd c ét

SCIENCE & IMPACT

LAIT |http://www4.rennes4inra.fr/stlol

www.lisainfantmilk.com

PN o 4

A

=)
q

R

o O

Qo '

0@
O

=

a

S

N

e A e AGRO

a CAMPUS

Version 5.0 2010

17

JUIN 2016



SD2P®

+*» With this method, it is possible to predict
and optimize the spray drying parameters
(£ 1-5%) for food products in relation to
T their desorption behavior

+ Validation tests (>100 products) indicate that this method could be applied to a large
range of food products & spray dryer types.

+» For reasons of calculation speed and reliability, the method has been computerized.
Spray Drying Parameters Simulation & Determination Software (SD?P®)
N° IDDN.FR.001.480002.003.R.P.2005.000.30100

* Up-to-date, 31 licenses have been sold at 24 factories [80% Dairy (4 of the Top 5 and 9
of the Top 25) — 20% Non Dairy], from 8 different countries:

Sz, [
e .. — .
* ]

 Top 1 for Inra licenses and Top 15 for Inra licenses and patents, since 1946

@ sTLo e .
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