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1. Product context
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Context - Food Powders

Food powders

3 > :ﬁ? ':' ;
Table salt

Granulated sugar

Food powders

J

- Natural powders (flours,salt,etc.)

- Transformed and formulated
powders (instant coffee, dried
milk)

~

Cocoa

Powders functionalities

J

Structuring (thickness,gelling
agent, etc.)

Organoleptic qualities (flavours,
colouring agent, additives, etc.)
Nutritional composition
(vitamins, minerals, etc.)

J




1. Product context

Context - Food Powders Agglomeration

Agglomerated food powders

Couscous grains

Instant coffee

Food flavours

Infant formula

s

Agglomeration

\

N\

J

[ Processes

[ Objectives ]

-

Process where fine

particles are bound

together into larger
granules

.

~

J

-

- Spray drying

- Fluidized bed

- Low shear mixer
- High shear mixer

.

J

/- Dust free powders

- Particle design
(size,shape,porosity)

- Flow properties

- Solublity

- Heat and mass transfer

\_- etc.
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— @848— | Grains elaboration - Growth & Drying

Energy
VXater
~ Energy . Energy  Energy Energy . .
| lWater | l | lWater l | i
-I l -I 1 l 1 - v 1
Primary : Sticky | Wet | | | | Consolided | Stable
particles particles grains grains grains
WETTING > NUCLEATION) GROWTH CONSOLIDATIOI\? DRYING
COALESCENC? ATTRITIOI\I> | SHRINKAGE>
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— &  — Growth & Drying - Mechanisms

Energy
VXater

- Energy . Energy Energy Energy . .

i Water ! | Water i |

- l .I 1 l 1 - v 1
Primary : Sticky | Wet | | | | Consolided | Stable
particles particles grains grains grains

i WETTING _ ' NUCLEATION '  GROWTH CONSOLIDATION DRYING i

| > ! > | COALESCENCE ATTRITION’ |  SHRINKAGE |

— —\ § ' i

Dispersion —> Coating v
Collision/Friction Breakage Shrinkage

‘)

Droplets —> Nucleation \




2. Scientific contexts m T
— @848— | Growth & Drying — Reactive food powders

Energy
VXater
- Energy . Energy Energy Energy . .
i Water ! | Water i |
- l .I 1 l 1 - v 1
Primary : Sticky | Wet | | | | Consolided | Stable
particles particles grains grains grains
i WETTING s 5 NUCLEATION, i GROWTH CONSOLIDATION DRYING 5
i i i COALESCENC‘? ATTRITIOI\I> i SHRINKAGE> i
Dispersion —> Coating N\ I i
\ v
é Collision/Friction Breakage Shrinkage
<Z,: \ Droplets —> Nucleation iy
I \
U 1 I 1 1 1
LLI : 1 1 : 1
= éﬂ”i@f ke Adhesion (capillary force) i Heat & mass
&) R 1
‘:@w?‘i iscous force & 1| transfers
&, 419 Plasticization : Glass
F06d powders ass transfer, soluble, Glass transition ' transition
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— &  — Coupled approach
/Pneumatical energy — Thermal energy \
Energy Energy Energy Energy Energy
lWater l lWater l lWater
Primary l Sticky Wet l Consolided TI Stable
particles — particles — grains — =) w=p == grains grains

g

Spray drying/ Fluidized bed : Semolina is agglomerated when tap water is
sprayed under a flow of hot air.

[Hydration + Growth + Reaction + Drying]
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— &  — Decoupled approach
/~ Mechanical energy Y /Thermal energy
Energy Energy Energy Energy . Energy .
lWater l lWater l i lWater i
Primary l Sticky Wet l Consolided T. Stable
particles — particles — grains — =) w=p == grains grains

A T 4

Horizontal/Vertical low shear mixer :
Spraying water on the semolina and mixing using a blade

i Air dryer :
'| Water removing
'|  with shrinkage

[Hydration + Growth] [Drying]

10
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— &  — Decoupled approach
/~ Mechanical energy ™\ ( Thermal energy) /Thermal energy
Energy Energy . Energy . Energy .
lWater l | lWater i lWater i
Primary l Sticky Wet l Consolided TI Stable
particles - particles - grains — i C g grains grains
. v TT< 7
Horizontal/Vertical low shear Steam cooking : Air dryer :
mixer : Spraying water on the Starch gelatinization Water removing
semolina and mixing using a blade and reticulation with shrinkage
[Hydration + Growth] [Reaction] [Drying]

11
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3. Materials and Methods —‘“ T
— B Coupled approach

Raw Materials : Durum wheat semolina - Industrial couscous samples (1 & 2)

Pneumatical energy — Thermal energy

Spray dryer MSD 20, GEA- Niro (Bionov, Rennes)

[ 0.63 mm diameter nozzle/ Spraying rate = 61 L/h 0
Prin_1ary ==p TWO-fluid flat spray nozzle/ Spraying rate = 11 L/h Stalc_)le
particles Air temperatures: T°inlet = 107°C/ T°outlet = 38°C grains

k Semolina flow rate = 30 Kg/h j

[Hydration + Growth + Reaction + Drying]

Fluidized bed ProcCell 5, Glatt (Bionov, Rennes)

[ Two-fluid flat spray nozzle/ Spraying rate = 5.6 L/h A
Prm_1ary — A!r Temperature : T3= 80°C Stat_)le
particles Air flow rate : 60 m3/h grains

K Semolina =2 Kg J

[Hydration + Growth + Reaction + Drying]
13
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Decoupled approach

—SRéu—

Raw Materials : Durum wheat semolina - Industrial couscous samples (1 & 2)

Mechanical energy — Thermal energy

Horizontal mixer Sarcom (Supagro, Montpellier) — Air dryer Afrem (Supagro, Montpellier)

-

Primary
particles

:

Mono-fluid flat spray nozzle/ Hydration = 40% db

Blade speed =60 rpm
Semolina = 0.8 Kg

\

—p>

J

Vertical mixer VMI (Supagro, Montpellier)

[Hydration + Growth]

-

Primary

particles

.

Mono-fluid flat spray nozzle/ Hydration = 40% dD

Blade speed =80 rpm
Bowl speed =9 rpm
Semolina = 1.5 Kg

E—

[Hydration + Growth]

/
Air temperature : T= 50°

Air Humidity : RH = 50%
Time = 90min

\_

:

C
Stable

grains

7

[Drying]

— Air dryer Afrem (Supagro, Montpellier)

/Airtemperature : T=50
Air Humidity : RH = 50%
Time = 90min

-

°C

;

Stable
grains

j

[Drying]

14



3. Materials and Methods
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Decoupled approach

—SNou—

Raw Materials : Durum wheat semolina - Industrial couscous samples (1 & 2)

Mechanical energy — Steam cooking — Thermal energy

Vertical mixer VMI (Supagro, Montpellier) — Steam cooker — Air dryer Afrem (Supagro, Montpellier)

N\
1 = 0
Primary Hydration = 35%db

particles Semolina = 1.5 Kg

- U y

[Hydration + Growth]

4 )
Temperature : T= 100°C

Pressure: P = 1bar )

Time = 15min

\ %
[Reaction]

/
Air temperature : T=70

Air Humidity : RH = 80%
Time = 60min

.

°C|—

Stable
grains

e

[Drying]

15



3. Materials and Methods
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Product characterization

4 N\

Molecular scale

-

- Water content

.

( )

Macromolecular scale

\ V

Vs

- Starch gelatinization (DSC)

\

( )

Microstructural scale

\ WV

[Functionalattributes ]

P
- External microstructure (SEM)

- Internal microstructure (XMT)
- Compactness

.

-
- Swelling capacity
- Cohesion (FT4)
- Coefficient of friction (FT4)

\.

16
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4. Results
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Agglomeration yield

Agglomeration yield

Process Technology Agglomeration
yield (%)

Coupled process Spray dryer 15.7

Fluidized bed 47.6

Decoupled process Horizontal mixer - dryer 17.7

Vertical mixer - dryer 13.7

Vertical mixer - cooker - dryer 12.5
Decoupled & reaction process Industrial 1 ?
Industrial 2 ?

- Agglomerates were obtained whatever the technology used.
- It is possible to produce couscous grains using a spray drying chamber!!!

- Decoupled & reaction processes show the lowest agglomeration yield : The
reaction step (steam-cooking) has no effect on the agglomeration yield.
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Results — Agglomerates characterization

Molecular & macromolecular scales

Process Technology Water Starch
content(%)db | gelatinization (%)

Coupled process Spray dryer 10.2 (0.1)° 13.8 (1.9)°

Fluidized bed 10.2 (0.1)cb 10.0 (0.9)

Decoupled Horizontal mixer - dryer 9.3 (0.1) 14.4 (L3)°

process Vertical mixer - dryer 10.0 (0.1)b 14.7 (1.3)°

Vertical mixer - cooker - dryer 9.4 (0.1)3 100 (0.1)

Decm.lpled & Industrial 1 10.5 (0.1)¢ 100 (0.1)°
reaction process

Industrial 2 10.8 (0.1)¢ 100 (0.1)

- No differences in water contents between the products: all the technologies used
are able to remove water.
- Decoupled & reaction processes induce the highest starch gelatinization values :
the reaction step (steam cooking).
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Microstructural scale

Process Technology Compactness
Coupled process Spray dryer 0.856 (0.017)°
Fluidized bed 0.810 (0.003)
Decoupled process Horizontal mixer - dryer 0.817(0.016)*°
Vertical mixer - dryer 0.794 (0.005)°
Vertical mixer - cooker - dryer 0.879 (0.021)
Decoupled & reaction process Industrial 1 0.866 (0.002)°
Industrial 2 0.836(0.010)"¢

- Significant differences in compactness are observed.

- Decoupled & reaction processes induce the highest compactness values : the
reaction step (steam cooking) generates a higher microstructural changes.
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— @B8— | Results — Agglomerates characterization

Microstructural scale (SEM)

S-4800 x150

Spray dryer Vertical mixer - Air dryer
(magnifications X50 and X150) (magnifications X50 and X150)

- Differences in the shape and surface of the grains.

- Coupled processes generate agglomerates formed with only large size primary
particles : (segregation effects).

- Decoupled processes generate agglomerates formed with both large particles /
small particles.
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— @B8— | Results — Agglomerates characterization

Microstructural scale (SEM)

Vertical mixer - cooker - dryer Industrial couscous 2
(magnifications X50 and X150) (magnifications X50 and X150)

- Decoupled & reaction processes induce differences in the external surface : the
reaction step (steam cooking) induce a partly melted semolina particles at the
surface with a more regular faces.
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Results — Agglomerates characterization

Microstructural scale (XMT)

.;//‘f:.’r N - if!;(‘q:. Al
/?’ § @ T B N e T A
£ g / % \ ) A " :,:‘
CX oy e G
\é)‘;i-}"‘ \_K.\I._"{’
A
Spray dryer Vertical mixer - Air dryer

Industrial couscous 2

agglomerates.

- Agglomeration processes generate differences in voids distribution within the
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Functional attributes

Process Technology Swelling capacity
ml moist product/100g dry product
Coupled Spray dryer 241 (1)
process Fluidized bed 250 (0)¢
Decoupled Horizontal mixer - dryer 231 (1)
process Vertical mixer - dryer 234 (1)°
Decoupled | Vertical mixer - cooker - dryer 345 (0)°
& reaction Industrial 1 325 (0)f
process Industrial 2 400 (0)
- Decoupled & reaction processes induce the highest swelling capacity values : The
reaction step (steam cooking) leads to higher starch gelatinization levels which
enhances water absorption and swelling capacity.
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Results — Agglomerates characterization

Functional attributes Coulomb Law : T = o + C

Process Technology Coefficient of Cohesion C
friction p (kPa)
Coupled process Spray dryer 0.294 (0.023)>b |  0.297 (0.045)°
Fluidized bed 0.324 (0.021)° 0.316 (0.043)°
i 1 - b b
Decoupled Horizontal mixer - dryer 0.351 (0.015) 0.340 (0.045)
process Vertical mixer - dryer 0.268 (0.012)? 0.266 (0.064)3P
Vertical mixer - cooker - dryer | 0.404 (0.028)¢ 0.333 (0.034)b
Decoupled & .
] Industrial 1 0.438 (0.006)° 0.366 (0.012)°
reaction process
Industrial 2 0.469(0.043)c 0.389 (0.119)b
Semolina 0.600(0.005)¢ 0.191 (0.046)>

- All the processes used reduce the frictional properties but slightly increase the
cohesion values compared to native semolina particles.
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5. Conclusions —‘“ T
— OBy Conclusion

- All the investigated processes (coupled process, decoupled process,
decoupled & reaction process) are able to agglomerate food powder to
produce grains with different attributes.

- The type and intensity of the energy input (thermal energy, mechanical
energy and pneumatical energy) affect the internal microstructure of the
agglomerates (more or less compactness, differences in the voids
distribution).

- The reaction stage (steam cooking) induces external and internal
microstructure changes, because of the high gelatinization level of the
starch granules.

- Semolina is a reactive food powder with low water solubility, different
agglomeration results are expected with more soluble food powders (i.e
milk powders).

27
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