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Bruker Divisions & Technologies

14 May 2025

Bruker Optics

Á FT-IR/FT-NIR Spectroscopy

Á FT-IR/Raman Microscopy

Á Raman Spectroscopy

www.bruker.com/optics

Bruker Daltonics

ÁLC/MS

ÁMALDI-TOF

ÁMALDI Biotyper

IR Biotyper

www.bruker.com/daltonics

Bruker AXS

ÁXRF spectrometry

ÁHandheldҭXRF

ÁMicro-XRF & TXRF

www.bruker.com/axs

Bruker BioSpin

ÁFT-NMR FoodScreener

ÁTD-NMR Benchtop Systems

ÁEPR Spectrometry

www.bruker.com/nmr

ÁIdentification of 
Microorganisms

ÁFood Safety

ÁElemental 
Analysis
ÁForeign 

Objects

ÁAdulteration
ÁQuality 

Control

ÁQuality
Control

ÁProcess 
Control
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The electromagnetic  spectrum
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FT-NIR Spectra of
Á Raw Meat
Á Rapeseed
Á Fish Meal
Á Edible Oil
Á Amino Acid 

Methionine

with absorptions of 
C-H, N-H and O-H 
molecular functional 
groups.

Basically, all organic 
materials and some 
inorganic ones show 
a specific fingerprint.

ENHANCING QUALITY CONTROL IN FOOD AND FEED PRODUCTION

FT-NIR spectra of food & agriculture samples
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ENHANCING QUALITY CONTROL IN FOOD AND FEED PRODUCTION

Analytical tasks by FT -NIR across the production chain
either in the lab, at -line or directly on -line in the process

14 May 2025

Quantification

Á Multiple parameters with 
one measurement

Á Quantification cascades 
for better results in 
specific concentration 
ranges

Identification

Á Finger printing of
pure materials

Á Check mixture 
specifications of premixes

Á Select right model for 
quantification

Non-targeted screening

Á Screening to find 
suspicious samples for 
further testing

Á Conformity tests for raw 
materials & products
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Optimized measurements modes for any
liquid, solid or semi -solid samples
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Reflection

Á Solids:powders, seeds, pellets, 

grain, chocolate, pet food

Á Semi-Solids: yoghurt, butter, 

margarine, cheese, meat

Á Emulsions: dressings, 

mayonnaise

Á Slurries: fermentation samples

Transflection 

Á Liquids: oils, milk etc.

Á Viscous Liquids:molasses, 

honey, starch solutions

Á Semi-Solids with high water 

content: ketchup

Á Emulsions/slurries: dressings

Transmission

Á Clear liquids: any clear liquid e.g., 

oils, wine etc.

Á Opaque & turbid liquids: milk
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What is X-Ray Fluorescence (XRF)?
Analysis principle ҭphotoelectric effect

14 May 2025
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What Is XRF? - YouTube

ÁSample excited with an X-ray beam

ÁElectron ejected from an inner shell of its atom

ÁElectron from a shell farther out falls into the vacancy

ÁEnergy difference is emitted as an X-ray photon

ÁDiscrete energy or wavelength is characteristic for 

the emitting element / transition

ÁIntensity of characteristic radiation is proportional to 

concentration of the element in the sample

Innovation with Integrity 10
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Quality control in feed and food by XRF

14 May 2025

ÁAll Materials<"nkswkfu."nqqug"rqyfgt"("itckpu."rtguugf"rgnngvu."uqnkfu.ҿ

ÁMarco-, and Micro-Mineral Nutrients, Trace element contaminants

ÁElements & Concentrations: F to U; µg/g (ppm) to 100% 

ÁMinimal sample preparation

ÁTime-to-result: 5 to 15 min
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INTRODUCTION TO XRF

Benefits of XRF for fast quality control

ÁBenefits of XRF

Á Fast and cost effective

Á Easy & accurate

Á Highly reproducible

Á No or very minimal sample preparation 

Á No expensive or hazardous consumables

Á No re-calibration necessary

Á No operator influence

Á Can replace ICP withsame accuracy and 

repeatability 

Time-to-Result

XRF

ICP-OES

AAS

XRF

ICP-OES

AAS

Solids

Liquids

Acid digestion

Dilution

Measurement

Milling
Homogenization

Dilution

Measurement

Filling
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Standardless analysis with SMART-QUANT
Great choice for Raw Material ID and Verification

SMART-QUANT is set up to work 

in full Fundamental Parameter 

(FP) mode ҭthis means 

no calibrations necessary!

Excellent for raw material testing 

and whenever special samples 

outside the analytical routing need 

to be measured.

ÁNa to Am

Áppm to 100%

ÁAll material (liquids, loose 

powder & grains, pressed 

pellets, fused beads)

Raw Materials need Verification SMART-QUANT: Push-button solution for 

quick and reliable analysis of unknown 

samples
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How to calibrate an XRF spectrometer
Example: Pig feed

Standard Material for calibration

Á3 BIPEA, 5 AAFCO standards 

with known composition

ÁCovering 12 key Macro- and 

Micronutrients

ÁNa, Mg, Al, P, S, Cl, K, Ca, 

Mn, Fe, Cu, Zn

Sample Preparation

ÁGround to a fine powder

ÁPressed to a pellet

ÁRun in one go on the 

XY Autochanger
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Á3 BIPEA, 5 AFFCO standards with known composition

ÁGround to a fine powder

ÁPressed to a pellet

ENHANCING QUALITY CONTROL IN FOOD AND FEED PRODUCTION

How to calibrate an XRF spectrometer
Example: Pig feed

14 May 2025

SPECTRA.ELEMENTS

ÁQuick learning with intuitive 

User Interface. Hints 

provide help when needed

ÁWIZARD: the proven tree-

structure guide you through 

the calibration process

ÁLOADER: Ideal for routine 

operation

ÁRESULT MANAGER: Access 

all your data quickly and get 

extended reporting

Innovation with Integrity 15
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Pig Feed Analysis with the S2 PUMA Series 2

14 May 2025

ÁRepeatability test 

using a Pig Feed 

sample

Sample ID Na (%) Mg (%) Al (PPM) P (%) S (%) Cl (%) K (%) Ca (%)
Mn 

(PPM)
Fe 

(PPM)
Cu (PPM) Zn (PPM)

Rep-1 0.2980 0.1204 160.9 0.6544 0.2791 1.67 0.9804 0.9313 89.9 312.9 140.9 175.8

Rep-2 0.3018 0.1188 160.7 0.6544 0.2795 1.66 0.9781 0.9302 88.8 312.4 141.2 176.4

Rep-3 0.3021 0.1150 157.3 0.6519 0.2789 1.66 0.9719 0.9307 90.2 312.7 140.6 174.7

Rep-4 0.2973 0.1163 165.0 0.6498 0.2778 1.64 0.9722 0.9197 89.7 312.3 139.8 174.5

Rep-5 0.2973 0.1163 165.0 0.6498 0.2778 1.64 0.9722 0.9197 89.7 312.3 139.8 174.5

Rep-6 0.2828 0.1154 166.8 0.6470 0.2773 1.63 0.9588 0.9233 88.3 309.6 139.1 173.7

Rep-7 0.2828 0.1154 166.8 0.6470 0.2773 1.63 0.9588 0.9233 88.3 309.6 139.1 173.7

Rep-8 0.2828 0.1154 166.8 0.6470 0.2773 1.63 0.9588 0.9233 88.3 309.6 139.1 173.7

Average 0.2931 0.1166 163.7 0.6502 0.2781 1.64 0.9689 0.9252 89.2 311.4 140.0 174.6

Std.Dev. 0.0087 0.0019 3.6 0.0031 0.0009 0.01 0.0089 0.0048 0.8 1.5 0.9 1.0

Rel.Std.Dev. 3.0% 1.7% 2.2% 0.5% 0.3% 0.9% 0.9% 0.5% 0.9% 0.5% 0.6% 0.6%
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FT-NIR & XRF
Examples for QA/QC in various food products

XRF

ÁRaw material ID (KCl vs. NaCl)

ÁMineral nutrients like Mg, Fe, Zn

ÁSalt content (Na, Cl) 

ÁHeavy metal contaminants especially in 

raw materials (Cd, Pb, Hg)

ÁForeign Body Identification (e.g. metal 

parts) 

14 May 2025

FT-NIR

ÁGeneral parameters:fat, protein, 

moisture/dry matter, ash

ÁSpecial parameters where applicable: 

starch, sugars, alcohole, density, 

acidity, pH, NaCl, collagen in

ÁMeat and meat products

ÁGrains, flours, bakery & snacks

ÁChocolate, confectionary

ÁCondiments, vinegar etc.

ÁBeverages: wine, spirits, juices

Innovation with Integrity 17
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ENHANCING QUALITY CONTROL IN FOOD AND FEED PRODUCTION

FT-NIR & XRF
Examples for QA/QC in milk, dairy products and infant formula

XRF

ÁElements which are frequently 

measured by XRF include: Na, Mg, P, S, 

Cl, K, Mn, Cu, Zn but also heavy metal 

contaminants like As, Pb

ÁMineral nutrients in all kind of products

ÁOknm"rqyfgt."ncevqug."rtqvgkp"ҿ"

ÁInfant formula<"EjknftgpҲu"jgcnvj"

strongly depends on the correct 

concentrations and ratios of Na, Mg, P, 

K, Ca and Fe. 

ÁNa(Cl) and Ca contents in cheeseand 

vegan alternatives

14 May 2025

FT-NIR

ÁGeneral parameters: fat, protein, total 

solids/dry matter, lactose in

ÁRaw Milk, standardized milk, cream

ÁPremixes

ÁWhey & whey products, protein

concentrates

ÁPowders: milk, infant formula, WPC

ÁCheese: white, soft & hard

ÁYoghurt & desserts

Á Infant formula

ÁPlant-based dairy-like products

Innovation with Integrity 18
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FT-NIR & XRF
Examples for QA/QC in oil seeds and oil refinery products

XRF

ÁMainly used in edible oil and biofuel 

refinery process

ÁQuantify P, S, and Cl even below 1 ppm

ÁMonitor K, Ca, Fe, Ni, Cu and more

ÁProcess Control in Edible Oil Refineries

ÁTotal P is measured to monitor the 

phospholipids. Removal of phospholipids have 

a negative impact at some process steps and 

on the final product, e.g., on shelf lifetime

ÁUsed Cooking Oil (UCO) and Biofuels

Á In biofuels, elements such as P, S and Cl 

must not exceed certain limits

FT-NIR

ÁOil Seeds whole/ground/expeller

ÁGeneral parameters:fat, protein, 

moisture, fibre, ash

ÁSpecial parameters where applicable: 

glucosinolates, erucic acid, high/low 

oleic acids

ÁCrude and refined edible oils

ÁFatty acid profile, free fatty acids (FFA), 

trans fatty acids (TFA), iodine value (IV), 

peroxide value (PV), moisture

ÁBiodiesel

ÁSeveral process relevant parameters

14 May 2025Innovation with Integrity 19
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FT-NIR & XRF
Examples for QA/QC in feed

XRF

ÁMacro & Micro mineral nutrients, and 

trace level contaminant in feed and 

feed supplement / pre-mixes

ÁRaw Material ID, Production Monitoring, 

Quality Control of final product.

ÁDairy cows: Ensure the correct contents 

and ratio of Ca, P, Mg, Na, K, Cl, and S

(critical for the lactation cycle)

ÁUrine Analysis: Monitor the health of the 

cow Ą Use the speed of XRF to drive 

immediate actions at the farms

FT-NIR

ÁControl in pre-mix production from 

identification to mixture analysis

ÁMonitoring of ingredients on moisture, 

fat, protein, fibre, ashto optimize 

formulation and costs savings

ÁProcess monitoring from mixing over 

conditioning and pellet press 

ÁCheck of final feedsfor targets and 

batch conformity

14 May 2025Innovation with Integrity 20
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Perfect team -work for feed & food applications:
FT-NIR & XRF combine speed with performance 

14 May 2025Innovation with Integrity 21

Å Composition Analysis
 Fat, Protein, 

Moisture, Fibre, Ash 
and many more 
parameters

ÅSolids, Powders, 
Semi-uqnkfu."Nkswkfu."ҿ

ÅEasy Handling

Å Analysis in Seconds

Å Composition Analysis
 Elements: F ҭ U 
 Marco-, and Micro-
 Mineral Nutrients, 

Trace contaminants

ÅSolids, Powders, 
Semi-uqnkfu."Nkswkfu."ҿ

ÅEasy Handling

Å Analysis in Minutes
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CORRECT ANALYTICAL VALUES ONLY WITH 
SAMPLE PREPARATION

NIR: measurement  of  appr . 1 mm
 

Ą Fibers  of  the  wheat  is measured , but not the  inner  parts
 

Ą Fiber content  seems  to  be  much  higher  in intact  wheat

Ą No  correct  analytical  results  without  sample preparation

ZM 300
10 sec



|© 2025 Bruker |
© Retsch GmbH

Theory
Experience

Deductivity
Talent

Creativity

Facts

Logic

Feeling

gr
in

di
ng

 ta
sk

 la
bo

ra
to

ry
 s

am
pl

e

Process  parameters

Preparation

Mill

Grinding principle

RETSCH EXPERTISE
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GRINDING MECHANISMS

Pressure

Impact

Friction

Shearing

Cutting
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MILLS Ṿ HARD  BRITTLE  SAMPLES

Jaw  Crushers

Hammer Mill

Rotor Mills

Planetary Ball Mills

Vibratory  Disc Mills

Mortar  Grinder
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MILLS Ṿ SOFT / ELASTIC  SAMPLES

Cutting Mills

Mixer Mills

Knife  Mills

Rotor Mills
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APPLICATION EXAMPLE

XRF-Analysis of 
P, Na, Cl

0.5 mm

~ 0.1 mm
Machine  and accessories

Feed sizeSample

Process  parameters

Final fineness

Dairy powder

Mixer Mill M M 400

Å Grinding jar 25 ml, ZrOḘ
Å 7 Grinding balls Ø 10 mm, ZrOḘ

Amount 5 g

Frequency 25 Hz

Duration 2 min

Pelletizing with 
Pellet Press PP 40
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APPLICATION EXAMPLE

XRF-, NIR-Analysis 1 mm

0.25 mm
Machine  and accessories

Feed sizeSample

Process  parameters

Final fineness

Infant formula

Ultra Centrifugal
Mill Z M 300

Å Push -fit rotor , stainless  steel  
Å Ring sieve  0.35 mm, stainless  steel

Amount 15 0 g

Revolution speed 20000 rpm

Duration 5 min
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APPLICATION EXAMPLE

NIR-Analysis 
Humidity, ash, fat, fiber, protein, 
pesticides

8 mm

0.5 mm
Machine  and accessories

Feed sizeSample

Process  parameters

Final fineness

Chickpeas

Ultra Centrifugal
Mill Z M 300

Å Push -fit rotor , stainless  steel  
Å Ring sieve  1.5 mm, stainless  steel

Amount 75 g

Revolution speed 18000 rpm

Duration 20 s


