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RESEARCH FIELDS AND TECHNIQUES HZB Heimholtz
Zentrum Berlin

e Agriculture and food science e Home and Personal Care
e Chemicals * Life Science and Biotechnology
e Construction and Engineering e Material Science and Nanotechnology

Environmental and Energy

Photoelectron

X-ray diffraction X-ray microscopy

spectroscopy
Magnetic Fluorecence Neutron powder Macromolecular
scattering spectroscopy diffraction crystallography
Small angle

Reflectometry Radiography

X-ray scattering

Small angle

_ Reflectometry
neutron scattering

Tomography Spectroscopy
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AGRICULTURE AND FOOD SCIENCE HZB airhsits
Zentrum Berlin

Agriculture
* Polluted soil am structure
* Natural fertilizers ~* Oil droplet disgestion
e Water distribution ' ¢ Milk structure

in plants Cheese structure
 Drought resistance Microgels

e Structure of foams

* Food and pressure




AGRICULTURE HZB......

Zentrum Berlin

Polluted agricultural soil

Trace element distribution in rice
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The groundwater and soil in some
rural areas in China and Hungary
exhibit a high concentration level
of arsenic which can be taken up
by different plants. The 2D
distribution of arsenic and other
frace elements in rice grains were
measured by confocal u-XRF
technique

Figure 1: Honizontal normalised elemental 2D maps 1n a fresh Hungarian rice
grain (normalised to 1 s and 100 mA. 30 x 42 pixels).
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AGRICULTURE HZB Helmholtz

Zentrum Berlin

Industrial polluted soil

Assessment of heavy metals by XRD and XRF

The major geochemical forms of Cr,
Ni, Cu, Zn, Pb, and V in a soil from an
industrial polluted site in the South of
Italy were determined by means of
synchrotron X-ray micro-analytical
techniques. Two major former
industrial activities were tentatively
ascribed as being responsible of the
observed major pollution: PVC and
cement-asbestos productions.
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HEB..
Zentrum Berlin

Natural fertilizers

Structural changes on heating by XRD

Finnish environmental technology company
NanoGeo Finland Oy produces a filtering
sand and fertiliser using a natural mineral.
XRD at DESY was used to measure
Structural properties of the minerals at
different temperatures, which is necessary to
optimise the materials for use as fertilisers.
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HEB..
Zentrum Berlin

Water distribution in plants

Plant root structure and water uptake from soil
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’ HZB
Helmholtz

502 35m|n 50min Bsmin Zentrum Berlin
Root-induced water dynamics have a strong impact
on soil water balance. By neutron radiography it is
possible to visualize in situ water movements in soil
at high temporal and spatial resolution. Using heavy
water (D20) as a tracer, water fluxes from soils to
roots and within the root system can be detected.
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HEB..
Zentrum Berlin

Water distribution in plants

Root patterns in heterogeneous soils (diff water and phosphor contents)
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HEB..
Zentrum Berlin

Drought resistance in plants

Biomolecular origin of stress reaction in plants

zenBlipoy 7 0Jpad @
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X-ray crystallography was used to determine protein
structure of plant hormone ABA. Open and closed
form of ABA interactiondetermines the process of
Stress response starts: by binding to PYR1 protein,
ABA causes it to hijack PP2C protein molecules,
unable then to block the stress response eg. on
drought.

EMBL ::




FOOD SCIENCE HZB Helmholtz

Zentrum Berlin

The Basis for R&D on Food and Nutrition

From the farm...

&

- Consistency

- Plant & Animal Tissue - Proteins Concentration & Drying

- Stability

- Microorganisms - Lipids - Freezing : - Convenience
- Nuetraceuticals - Vitamins - Extrusion - Appearance E :wal:\ablllty - Health
- Polysacchiarides - Minerals - Homogensiation - Packaging Bl Ll - Pleasure

- Water - Agaration

- Seapration

...to the table

sy
A7y
Jost
e Ly A
| k x - \.-l::.’::'?::-‘:.l .
P ™ ** Baltic Sea Region
Tt N Programme 20072013
g‘“ Lt _k{‘:\ Hesearch Part-financed by the European Union 13

(European Regional Development Fund)



FOOD SCIENCE HZB Helmholtz

Zentrum Berlin

The Basis for R&D on Food and Nutrition

Air Bubble in Ice cream

" Fl . f'_ 3 ::. -" L A
Emulsion droplet in Milk Cubosome as is formed
Stabilized by Protein during fat.digestion

Casein micelle in Milk
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HEB..

Zentrum Berlin

Air bubbles in ice cream

X-ray tomography to probe coarse grain structure

(a) cold temperature

(b) warm temperature

The non-destructive measurements allow for a
quantification of structural parameters of one PAUL SCHERRER INSTITUT
and the same subregion of the sample, which |_J‘_ —
gives new insight into the coarsening process of

ice cream. B

Pinzer et al., Soft Matter, 2012, 8, 4584 T 15
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HEB..
Zentrum Berlin

Structure evolution as function of the lipophilicity of ,,0ily” ingredients

Oil droplet

g

Micelle

>
Increase hydrophilicity of lipophilic molecules
* Online investigation of Triolein digestion using Time resolved
SAXS.
* Influence of lipase, pH and bile salts on formed structures during
digestion and kinetics can be measured.
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FOOD SCIENCE HZB Helmholtz

Zentrum Berlin

Structure evolution as function of the lipophilicity of ,,0ily” ingredients

Online investigation of Triolein
r droplet digestion using Time resolved

Oil/Bile salts = 17 SAXS.

Oil/Pankreatin = 1.1 3| — T T
0.1M PBS buffer rl '
i
2
L pH=00
z — =
§ vesicle
- 10
~ ~r
“ p H2
S FA3M e
(1] ; F | 1 l _;_'_ﬁ
' ! y ' gl ]
] 1 2 3 4
| - Salentinig Phd, Graz univeF

et
:Jfkﬁ ™
N&StIE Research

- =% Baltic Sea Region
Programme 1601-1013 17

Part-financed by the European Union
(European Regional Development Fund)




FOOD SCIENCE HZB Helmholtz

Zentrum Berlin

Milk - A hierarchically designed natural product

Fat droplet (~ 3-5um)

Casein micelle (~ 0.2um)

Whey proteins (~ 0.015um)

. Lactose (~ 0.001pum)
Fat droplet membrane Protein oligomers
lipo-protein - bilayer structures Tetramer aggregation

Supramolecular aggregate Lactose molecules

Peptide aggregates & Ca phosphate clusters Increase co-solubility of
proteins
5
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HEB..
Zentrum Berlin

Milk protein concentrates for cheese

To design a process for production of MF cheese it is
crucial to understand the interactions between protein,
water and calcium in the concentrate as well as in the
cheese.
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_ Figure 3: SAXS scattering data of concentrated milk
T —_— casein isolate with the corresponding fit to data.
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HEB..
Zentrum Berlin

From milk to yoghurt to curd

Structure determined of dairy products

50-200nm
B

polarisatic

Evolution of aggregation
of casein micelles was
probed by small angle
spin echo measurements
from nanometer to micro-
meter range.

2 3
spin echo length [um]
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Tromp et al. Food Hydrocolloids 21, 154-158 (2007)




HEB..
Zentrum Berlin

Fresh cheese texture

Microstructure determines taste and shelf life time

Fresh cheese-type products have a
complex microstructure, built from
elements of quite different size and
properties:

 fat droplets, stabilised by protein
« fat droplet aggregates

» protein aggregates

fuper U
TUDelft
Unilevev
Bot et al. Food Hydrocolloids 21 844—-854 (2007)
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HEB..
Zentrum Berlin

Properties of gels

Structural changes as seen by SANS

Stabilization v/a attractions Structure v/a attractions
Pourable "gel" (More) solid gel

adolphe merkleinstitute | sy
excellance in pure and applied nanosciance | switzerLann
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FOOD SCIENCE HZB Helmholtz

Zentrum Berlin

Properties of gels

Structural changes as seen by SANS

Structure factors from SANS:

- Stronger gel peak in 50 mM
- Opposite effects for
stronger attractions
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FOOD SCIENCE HZB Helmholtz

Zentrum Berlin

Stabilization of smart foams

Temperature dependent aggregation in bulk
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A-L Fameau, F. Cousin, L. Navailles, F. Nallet, F. Boug, J -P. Douliez, J. Phys. Chem. B, 2011, 115(29), 9033-9035.
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HEB..
Zentrum Berlin

Stabilization of smart foams

Temperature dependent aggregation in bulk

At 70°C

Unstable foam

Plateau

. borders
interface

Fast destabilization due to tubes/micelles transition!

e

A-L Fameau, F. Cousin, L. Navailles, F. Nallet, F. Boug, J -P. Douliez, J. Phys. Chem. B, 2011, 115(29), 9033-9035.
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HEB..
Zentrum Berlin

Dehydration of fruits

Dehydration of fruit tissue in tomographic studies (here apple)
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Figure 1: Reconstructed neutron tomography images of E
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Figure 3: Shrinkage of apple cortex tissue during
' 5 4 6 s 10 12 14 dehydration experiment.

Time(hrs)
W.A. Aregawi et al. (Leuwen Univ., Deptm. Of Biosystems)
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HEB..
Zentrum Berlin

Food and pressure

Volume changes and densities in olive oil
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Sastry et al., 2008
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HEB..
Zentrum Berlin

Food and pressure

Pressure studies on food (freeze dried potato cylinder)

Water Pressure treatment  after decompression
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Thank you for your attention!
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