' _ :'
UNIVERSITE > & . l FPR ]
LI ,0 @ DE LORRA'NE SIReNa ‘ : :&.ﬂ* International Fine Particle Research Institute

| abordloee & Cngénieric des Piomoicules ©© @ .

A MULTISCALE STUDY OF POWDER RECONSTITUTION

Claire GAIANI & Jeremy PETIT
Tristan FOURNAISE

Pr. Claire GAIANI - Université de Lorraine
LIBio — Laboratoire d’Ingénierie des Biomolécules
2 avenue de la Forét de Haye - BP 20163
54505 Vandoeuvre-les-Nancy - FRANCE
Tel. : +33(0)3 72 74 41 11 - Fax : +33(0)3 83 59 57 72

claire.gaiani@univ-lorraine.fr
http://libio.univ-lorraine.fr/ ' ‘ X

(AR}



mailto:claire.gaiani@univ-lorraine.fr
http://libio.univ-lorraine.fr/

PLANNING OF PHD WORK AND

ACHIEVED DELIVERABLES

L-LBio

L-abordloe d Trgénieri des Pomolcdes © © @



1. Screening of a large variety of powders

>
m - Dispersion Dissolution

RECONSTITUTION KINETICS BY
GRANULOMORPHOMETRY
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Intermediate
POWDER RECONSTITUTION STEPS BY

CO CONDUCTIMETRY & MACRO-IMAGING

Poor

POWDER
CLASSIFICATION

Year 1 (January 2019 — January 2020)

(1) Powder classification according to their reconstitution behavior
(2) For selected powders: reconstitution kinetics in different conditions of temperature, stirring...
(3) Statistical correlations between the numerous powder characteristics and their reconstitutability
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1. Screening of a large variety of powders
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RECONSTITUTION KINETICS BY
GRANULOMORPHOMETRY

POWDER RECONSTITUTION STEPS BY
CONDUCTIMETRY & MACRO-IMAGING

2. Surface composition (micro & molecular scale)

Selection of representative powders
from each class of reconstituability
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POWDER
CLASSIFICATION

SURFACE MAPPING——

SUGAR COATING
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(AFM) :
topography,
chemical forces,
nanoindentation

‘Ability to cover particle
surface

Sugar
coating
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Fructose
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ongoing
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POWDER CLASSIFICATION ACCORDING
2 TO THEIR RECONSTITUTABILITY
(YEAR #1: 2019)
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SCREENING OF A LARGE VARIETY OF POWDERS

(" Particle size, N Grinding, R
About 5o food powders were selected : Cristallinity, Freeze-drying,
- Sugar: icing, fine, granular, Density, Cristallisation,
- Pea proteins: normal and micronized, Shape distribution... Spray-drying...
- Polenta: fine and large, )
Physical & structural Manufacturing

- Instant coffee: fine and large,
- Carboxymethylcellulose, flour,
- Fumed silica,

properties processes

: \\>
Chemical Surface properties
composition

- Starch,
- Cocoa powders: medium and high fat content, alkalized or not Proteins, Surface composition
Lipids, Surface stiffness
Carbohydrates, Porosity, rugosity
Minerals, water... Surf. hydrophobicity...
- L/
Sugar Flour Polenta  Coffee
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RECONSTITUTABILITY FOLLOWED BY CONDUCTIMETRY

1 - Powder reconstitution kinetics followed by conductimetry
- thermostated jacketed glass reactor

- mechanical stirring with a 5.08 cm diameter impeller

- powder added by a vibratory feeder

Powder reconstitution experiments were performed with distilled water at 25.0 = 0.2 ° C in the following
conditions: 10.0 % (w/w) powder/water mass ratio with a total mass (powder + water) fixed at 2.650 kg, 8oo rpm
stirring rate and 3.6 g.s* feeding rate.

1. Temperature probe _ |
1. Conductimetry probe - e /' Y
2.Camera

Reactor design and reconstitution
conditions based on the literature

(Galet et al., 2004; Goalard et al., 2006; Mitchell et

Water bat o ' d : al., 2015, 2019; Schober & Fitzpatrick, 2005)
thermoregulation |
L—IPla
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RECONSTITUTABILITY FOLLOWED BY CONDUCTIMETRY

2 - Conductivity normalization

Conductivity evolved from an almost null initial value (real value inferior to the conductimeter sensitivity) to a final
value that depended from powder nature.

Averaged conductivity values were normalized according to:
C(t) — K(t)—Kini

Kfin—Kini

With:  c(t) designates normalized conductivity (-);

42 I K
apordlore d Lngéniene des Do

K(t) stands for conductivity at time t (uS.cm™);
K., represents the initial conductivity, i.e. distilled water conductivity, almost null (uS.cm™);
K, cOrresponds to the final conductivity (uS.cm).
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RECONSTITUTABILITY FOLLOWED BY CONDUCTIMETRY

3 - Curve fitting
The normalized conductivity curves were fitted using the least squares method solved by the Levenberg Marquardt
iteration algorithm with the Hill model :

tTl
C(t) = Co + (Coo _ CO) Lk + tn
With: Co, initial normalized conductivity (%);
Ce, final normalized conductivity (%);
t, time (s);

k (s) and n (-), Hill model parameters.

Initial and final normalized conductivities being equal to o and 1, respectively, the Hill model could simply be rewritten as :

tn
() =i

k corresponds to the time needed to reach 5o % normalized conductivity. The slope of normalized conductivity curve at t = k
was found to be equal to %, then it can be considered that the model parameter n gives an indication of the powder

reconstitution rate once wetted/sinked, i.e. in the dispersion/solubilization steps of powder reconstitution. Last, powder
reconstitution time was deduced from obtained Hill model by taking the time needed to reach g5 % normalized
conductivity, it was then noted ¢, .
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| b=y T 4
L-abordlore d Lngéniene des

Pondicdes ©©©



Volume density (%)

RECONSTITUTABILITY FOLLOWED BY CONDUCTIMETRY

Instant coffee Impact of particle size on reconstitutability
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Instant coffee (fitted curve)

——Ground instant coffee (fitted curve)

Normalized onductivity

Instant coffee (experimental)

+» Ground instant coffee
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RECONSTITUTABILITY FOLLOWED BY CONDUCTIMETRY
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Instant coffee Impact of particle size on reconstitutability Impact of fat content on reconstitutability
Whole milk
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Instant coffee (fitted curve)

— WMP (fitted curve)

——Ground instant coffee (fitted curve)
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RECONSTITUTABILITY FOLLOWED BY CONDUCTIMETRY

Impact of particle size on reconstitutability

Instant coffee
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Instant coffee (experimental)

Normalized conductivity (-) m

Ground instant coffee
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Impact of fat content on reconstitutability

Whole milk
[ o | L
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— WMP (fitted curve) -
SMP (fitted curve) K
» WMP (experimental) .

100

SMP (experimental) Skim milk
W
150 200 PO de

Time (s) 10

Z\‘?
E 12 38
a Wetting s
: . t i (S) n .§.6
g 8 % w
% 4 Skim milk powder 35.0 76.3 17.46 2.00  0.95 £
S 3

Whole milk powder 68.1 112.0 40.13 287 098 > s

1000 10000 Instant coffee 22.5 38.9 12.8 2.65  0.98 1 10 100 1000
Size (p.m) Size (um)
Ground instant coffee 51.5 105.2 26.64 2.7 0.98
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TAKE-HOME MESSAGE FROMYEAR #1

Phy5|cochem.|cal.charafcterlstlcs Qf powders were correlateq VYIth the wetting Powder classification according to
and reconstitution times of fifty food powders by principal component their reconstitution behavior -

analysis (PCA). Four powder categories were identified based on wetting and

reconstitution times. _ ] _
* Long wetting times associated to

high particle surface
hydrophobicity, small  median
particle size, as well as high protein
and fat contents in the powder

i bulk.
S S T

Reconstitution
kinetics

Red group: long wetting and reconstitution times.

AN

e Flours * Long reconstitution times linked
Taa 1 .
S @ 1T i to the powder manufacturing

wetting . : Pl
g ‘ = process (powders obtained by
_ §° § grinding of solid materials led to
& % £ Q’Q " | S poorer reco.nstitution behavior
E 2 Sm— than spray-drlt.ed powders) and Iowi\/
3 Short e T sugar content in the powder bﬂlk'



NEW KNOWLEDGE ABOUT POWDER
RECONSTITUTABILITY THANKS TO A

FOCUS ON PARTICLE SURFACE
(YEAR #2: 2020)

Laboratory closure from mid march until mid may 202o0...
The remote working was focused on data treatment and paper writting.
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FOCUS ON SOME POWDERS FROM EACH CLASS OF RECONSTITUTABILITY

Whey powder coating with sugar solutions (validated with IFPRI)

CH:OH S /
a5 % o Wetting behavior Long reconstitution time
on Long wetting time
OH //'
CH:OH CH:OH N s
Galactose o o o Ability to cover particle #
/
surface 4 . .
CH:OH ik N\ /' Milkprotein
OH I/
o / concentrate
OH OH Il
- Lactose S % { .
ugar , {
o OH g Chain length f>
S CHiOH coating :
ucose 0 o \
\
OH 5 OH ‘\‘
Sk R \
CH:0H - CHOH Glass transition %
o N\,
o OH H temperature ] A
|- Sucrose Cocoa ™.,
ol highfat “~_
N \*~\
Fructose Short reconstitution e
- Long wetting time

* Determination of the minimal sugar proportion necessary to
improve whey powder wettability

* Impact of sugar nature

* Impact of powder surface (stiffness, rugosity, surface coverage...)

Lfﬁ (0 16
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Sugar powders
Easily wettable

Whey powder
Non-wettable



FIRST SUGAR COATINGS

* One day course training with Glatt application specialist (in February)

O
. - . %o
* Various process conditions and formulations were tested: %0 A Ay P
. . . 1 O ! !
* Coating duration from 5 to 15 min o fluidized parficles /
. . . . 'I. “\0 ‘;' ;
* Coating with sucrose solutions at concentrations from o to 45 % L X 9]
* Flow rate of 0.80 g.s* v Y
.l‘ O\- :'
ylo | [¥
O

Experiment . . 9| ¥°
code coating solution __———J

Sucrose 06 il )
\ First line: Reference powders = MIHI-GL‘:?.’E’E fluid be_d coater
#1-1 #2-1 X whey powder + process impact (Wirster design)

(attrition)
X #2-2 X

X X X

L-LBio 7 B3
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Example for sucrose coating

QUANTIFICATION OF SUGAR CONTENT IN COATED POWDERS

Sucrose quantification “ v L 0.2046x } 1.403
| i R2=o0.9747 5 .o .
Sample acid hydrolysis Sucrose standards ~ 3T
\/ \é 3 . ! .......
Reaction with DNS S 2 ™
(LR [ )
! ‘-
9
Absorbance at 530 nm S
Q2 o
§ 0 2 4 6 8 10
<
| samples | Sucroseg/100g S sucrose (gL
Whey powder 0 = e yeisax
: ; 5 min (#21- 0 R2=0.9942 .

15 % sucrose; 5 min (#1-1) 1.11 + 0.42 A o

15 % sucrose; 10 min (#2-1) 1.97 £ 0.51 g N ™

30 % sucrose; 10 min (#2-2) 3.84 + 0.65 Es os | e 5

Sucrose powder 100 § ................. .

< o “.‘-o"

L—Iﬁlo 0 0.2 0.4 0.6 0.8,

{ e s Bowicles ©©® Sucrose (g/L)



PHYSICOCHEMICAL CHARACTERIZATION

Particle size distribution

* No significant differences between

uncoated and sucrose-coated whey
powders

* No agglomeration induced by coating
* Fine and regular sucrose coverage

LEBio
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Volume density (%)

N W P Ul OO 0o

R

Whey (2)

—Whey 15 % 10 min (2-1) — Whey 30 % 10 min (2-2)

 oim Loem Lo L

1.9 £ 0.0
2.0 £0.0
2.0 £ 0.0
1.9+0.0

14.1+ 0.0
13.6 0.1
13.6 £ 0.0
13.6 £ 0.0

Size (pm)
——Whey 15 % 5 min (1-1)

48.3+0.1
47.2 0.1
47.5+0.1
46.3+0.4

100

105.5+0.7
107.5+ 0.7
108.5 £ 0.7
103.5 + 0.7

19



RECONSITUTABILITY

* Wetting time (IDF standard) * Reconstitution monitored by conductimetry

Wetting time | Sucrose (g/100

Ongoing

(s) )

Whey 1217 +11 o
#1'1 1 090 + 4 1.1 Compmer 1. Temperature probe
1. Conductimetry probe
#2-1 1068 + 17 2.0 i
#2-2 1032+8 3.8

Powder 100 % sucrose

120 /

100 @
8o

Only slight powder wetting

" Whey powders coated with sucrose

Sucrose (g.100g-1)

w0 improvement; in further

. R o experiments, longer coating

’ o} 200 400 600 800 1000 12:o 1400 Uncoated Whey pOWder dUI’atlonS and h|gher SUgar
Lfﬁlo Wetting time (5) concentrations will be used.
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* Surface topography and roughness

Control
electronics

AFM Nanosurf Flex-Axiom

’ : ) .-“ v_ N VA
Powder 2 (5 x 5 um?)
Reference whey powder - ONGOING - Roughness
ZJL
By | f Mo /\‘\/'\ _______________ R
A NV A W
VAW A
Mean Line

Image analysis for
roughness calculation:
Powder #2-1 (5 x 5 um?2) Rq & Ra
Whey powder coated during 10 min
with 15 % sucrose solution

L-LBio N E
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SURFACE CHARACTERIZATION

* Surface mechanical properties (nanoindentation)

Expected results based on the results of other studies
already performed by the laboratory

roree Point of .
contact v AFM Nanosurf Flex-Axiom
A Uncoated
i any Powder surface Uncoated
— :; Discrete coating
Distance Soft surface

Continuous coating

Point of
contact v
|
|
|
| -
|
! Powder surface
]
]
[}

—_—
Distance

' Force

Discrete coating

Frequency (%)

Stiff surface

Elastic modulus (kPa)

L. I ﬁ{a Continuous coating ~ .
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4 PERSPECTIVES

Year #2 ongoing...

» Coating with various sugars
* Surface characterization

* Functional properties

L-LBio
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FIRST SCIENTIFIC PAPER FROMYEAR 1

Main physicochemical powder characteristics influencing their

reconstitution behavior

Tristan Fournaise!, Jérémy Petit!, Claire GAIANI!

IUniversité de Lorraine, LIBio, F-54000 Nancy, France

Abstract

Sixty food powders corresponding to a wide range of physicochemical characteristics (chemical
bulk and surface composition, particle size, span) and manufacturing processes (grinding,
freeze-drying, spray-drying, crystallization) were investigated. A wide range of reconstitution
profiles were measured by conductivity measurements and analyzed thought data fitting.
Physicochemical characteristics of powders were correlated with the wetting and reconstitution
of sixty food powders by principal component analysis (PCA). Four powder categories were

identified based on wetting and reconstitution times; i.e. Green group: short wetting and

Draft sent to industrial project members
Waiting for comments/corrections from IFPRI
members

Possible journals :
* Journal of Food Engineering
* Food Hydrocolloids

24




SECOND SCIENTIFIC PAPER FROMYEAR 1

-
7
s

Naima GAUDEL - 3 months Post doc focused
on cereal powders reconstitution (couscous, flours, etc.):
* Swelling step

" * Attrition ste _— N : ..
VAR o P Reconstitution kinetics at different stirring rates
{ u L . .
). N o . .. Impact of particle size
! %.\/ X 4 I- oo Pré:;;:';;“'“; ’, —— 2000 rpm
\ 2l Skim ;\Lug ; q —— 1500 T1pm
Whey o Cocoas ™ -\'-."\__/ 2 o ——1000 rpm
- \_® | T Sugars attrition
P, Whole milk Instant '
highfat . il _
n 15
econ T4 e "’_S,be'ﬂ'reconstitutcon time o
ttingtime e et Short wetting time e
1
Swelling rates vs stirring rate
Q.L

Draft sent to industrial project members
Waiting for comments/corrections from
IFPRI members

Possible journals :

* Journal of Food Engineering

* Food Hydrocolloids

* PowderTechnology

for two mean particle sizes

1 o1 1 1501 2001 2501 3001 3501 4001
t (s)
Attrition rates (um.s'*) vs shear (for 2 grain sizes)
2000 rpm 1500 rpm 1000 rpm
Attrition rate for fine powder 0.77 £ 0.01 | 0.48 +0.04 | 0.26 + 0.01 25
Attrition rate for medium powder 2.19+0.16 | 1.14+£0.04 | 0.52 £ 0.03
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