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MATE
The Hungarian University of Agriculture and Life Sciences 

 Founded on 1 February 2021 (successor to former Szent Istvan University, 

Kaposvar University and National Agricultural Research and Innovation Centre)

 One of the largest agricultural-focused, multi-disciplinary 

higher education institutions in CEE 

 provides world-class education in agriculture-related fields

 No. of institutes: 21

 No. of students: 13 621

 No. of international students: 2076 (from 102 countries!) 15.24%

 Number of PhD schools: 12

 Number of PhD students: 864 (international PhD students 382) 44.2%

 Number of academic staff: 1060

 Number of staff: 1412

 Languages of instruction: Hungarian, English
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and Buda Campus Institutes
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 Gyöngyös Campus

 Keszthely Campus
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─ Robotization

─ Data processing and evaluation, bigdata, chemometrics

─ Digitalization, industry 4.0, IoT, M2M

─ Modern measurement methods:

• Non-destructive methods, contactless measurement technologies

• Instrumental taste and odor sensing, NIR, hyperspectral, machine vision, etc.

Quality assessment of food - NIRSMeat marbling measurement– machine vision

Measurement techniques, automatization, digitalization

Across the entire Food Chain:

production of food industry raw materials – food processing – food trading

Institute of Food Science and Technology
Research topics in focus III.
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Importance of the non-destructive analytical techniques

─ Precision farming and food production

─ Increasing quantitative needs  the standard quality 
food more economically

─ Data driven decision making

─ Rapid and precise quality determination of raw materials 
and food products

─ Immense need for advanced and non-destructive analytical 
techniques in the agriculture and food industry:

• ultrasonic measurement,

• bioelectric properties, impedance spectroscopy,

• acoustic measurement, 

• electronic tongue and electronic nose 

• machine vision, 

• near-infrared spectroscopy etc.

ACS Sens. 2018, 3, 11, 2375–2384

Hungary's digital food industry strategy (2022)
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Objectives of our research

8
Food Science and Technology 31. 48-50. 

─ to develop and adapt non-destructive analytical measurement 

techniques 

─ to explore and expand their application potentials

for the objective characterization of food industry raw materials, 

intermediate and final products

Near-infrared spectroscopy (NIR)

www.metrohm.com



to provide insights about recent results of NIRS supporting the monitoring of food supply chain

“from farm to fork” – and beyond.

Objective of this presentation

9



Food quality assessment with NIR

Tokaj wine

Adulterated with grape must 
concentrate

Coffee drinks

Classification and 
quantification of different 

origin Arabica and Robusta 
coffee

Tomato concentrate

Adulterated with starch, 
paprika seed powder, NaCl and 

sucrose

Nutraceuticals

Quantitative evaluation of fruit 
extracts and  fortified fruit 

juice 

Yogurt quality

With different lactobacillus 
strains grown with different 

water

Mineral water

With different mineral content 
mixed and analyzed

Monilia (brown rot) on 
plums

Early phase detection of Monilia 
fructigena infection on plums 

Mung bean juice 

Monitoring of germination and 
prediction of ascorbic acid 

Meat mixture extracts

Detection and quantification
of pork in beef 

Feed - TMR

Monitoring feed supplements 
with handheld near-infrared 

spectrometer

Whey Protein Powder

Detecting Adulterants in Whey 
Protein Powder

Honey

Detection of Heat Treatment 
on Unifloral Honeys

Goose Liver

Determination of the Blood 
Content in Fattened Goose 

Liver 

Cheese quality

Monitoring the ripening of 
cheese at various temperatures

Chocolate

Authentication of 
chocolate based on 
geographical origin





Food quality assessment with NIR

Tokaj wine

Adulterated with grape must 
concentrate

Coffee drinks

Classification and 
quantification of different 

origin Arabica and Robusta 
coffee

Tomato concentrate

Adulterated with starch, 
paprika seed powder, NaCl and 

sucrose

Nutraceuticals

Quantitative evaluation of fruit 
extracts and  fortified fruit 

juice 

Yogurt quality

With different lactobacillus 
strains grown with different 

water

Mineral water

With different mineral content 
mixed and analyzed

Monilia (brown rot) on 
plums

Early phase detection of Monilia 
fructigena infection on plums 

Mung bean juice 

Monitoring of germination and 
prediction of ascorbic acid 

Meat mixture extracts

Detection and quantification
of pork in beef 

Feed - TMR

Monitoring feed supplements 
with handheld near-infrared 

spectrometer

Whey Protein Powder

Detecting Adulterants in Whey 
Protein Powder

Honey

Detection of Heat Treatment 
on Unifloral Honeys

Goose Liver

Determination of the Blood 
Content in Fattened Goose 

Liver 

Cheese quality

Monitoring the ripening of 
cheese at various temperatures

Chocolate

Authentication of 
chocolate based on 
geographical origin



In this study the goals were

- to determine how well various feed supplements can be identified in 

the feed and 

- to monitor the impact of control (rich in saturated fatty acids) and experimental 

feed supplementations (rich in polyunsaturated fatty acids) on cheese quality

Monitoring feed supplements with handheld 
near-infrared spectrometer – Objectives
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Dairy cows (n = 70 per groups) were fed in 2 trials (6-week of each)
Feed was total mixed rations (TMRs) containing 
Trial 1: CTR1 – hydrogenated palm oil (rich in saturated fatty acids)

EXP1 – mixture of linseed and linseed oil 
(rich in polyunsaturated fatty acids)

Trial 2: CTR2 – hydrogenated palm oil (rich in saturated fatty acids)
EXP2 – mixture of linseed and algae extract
(rich in polyunsaturated fatty acids)

Milk collected in last 2 weeks for cheese production
Fatty acid composition of TMR and cheese samples 
were measured.
handheld VIAVI MicroNIR spectrometer to measure
- moist TMR samples and
- freshly cut surface of the cheese samples 

Monitoring feed supplements with handheld 
near-infrared spectrometer – M&M
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Cheese raw spectra

TMR raw spectra

SVM exhibited good 
discrimination for the cheese 

samples of three groups: control 
and two experimental groups

Monitoring feed supplements with handheld 
near-infrared spectrometer – Results

The handheld MicroNIR provided good quality 
NIR spectra of TMR and cheese samples.

TMR SVM Discrimint Analysis

Cheese SVM Discrimint Analysis

SVM resulted weak discrimination 
of the two experimental TMR. 

Which can be due to the notable 
experimental variations in the feed 

and the pronounced inhomogeneity 
of the TMR mixture.
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Dr. Zoltan Gillay

NIR2023 – P01.21
‘Farm to fork‘ quality control 

during the production of a
value-added dairy product
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The objectives of this study were

- to determine the potential of NIRS in monitoring the ripening of 

Trappist style cheese at different temperatures and 

- to detect differences in the ripening process caused by the type 

of diet fed to the cows

Monitoring the ripening of different cheese at 
various temperatures  – Objectives
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- Trappist style cheese made of cow milk from 
two different diet (in two repeated experiments):
- control: hydrogenated palm oil 

(rich in saturated fatty acids)
- experiment: mixture of linseed and algae extract 

(rich in polyunsaturated fatty acids)
- Samples stored in triplicates 

- at different temperatures: 16°C, 10°C, 4°C and 
- for 0, 4, 8, and 12 weeks

- Diffuse reflectance NIR spectra acquired with the benchtop 
XDS rapid content analyzer using a circular glass cuvette

- Freshly cut surface of a sample thickness of 1 cm was 
scanned

- NIRS data was evaluated with principal component analysis 
(PCA) and PCA-based linear discriminant analysis (PCA-LDA)

Monitoring the ripening of different cheese at 
various temperatures – M&M
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Average recognition: 99.08%

Average Prediction: 90.74%
Average recognition: 100%

Average Prediction: 74.07%

Control 
cheese samples 
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cheese samples 

week 12
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week 4

Experimental 
cheese samples 

Experimental 
cheese samples 
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Monitoring the ripening of different cheese at 
various temperatures – Results – LDA time
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Monitoring the ripening of different cheese at 
various temperatures – Results – LDA temperature
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NIR2023 – P01.36 
Monitoring the ripening of

cheese at various 
temperatures by means of 
near-infrared spectroscopy
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In this study the objective was to determine the applicability of 

near-infrared spectroscopy to evaluate the blood content and 

hemoglobin concentration in goose liver

Determination of the Blood Content in 
Fattened Goose Liver – Objectives
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- Fattened goose liver from four animals
- Goose blood addition at 13 different concentrations 

between 0 and 5.5% by 0.5% steps
- Determination of the hemoglobin concentration by Drabkin

method
- Measurement of the color of the samples with the Vitalis 

Colorimeter
- Spectral acquisition of the samples with the MetriNIR

benchtop spectrometer in diffuse reflectance mode
- Principal Component Analysis and Partial Least Square 

Regression to develop models for the four livers together 
and individually to visualize multidimensional patterns and 
build prediction models for the blood content 
determination, respectively

Determination of the Blood Content in 
Fattened Goose Liver – M&M
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Determination of the Blood Content in 
Fattened Goose Liver – Results

Goose 
Liver

N LV RC
2 RMSEC 

(mg/ml)
RCV

2 RMSECV
(mg/ml)

L1 39 3 0.984 0.001 0.942 0.003

L2 39 3 0.955 0.002 0.865 0.004

L3 39 3 0.980 0.002 0.929 0.003

L4 39 3 0.972 0.002 0.937 0.003

General 
model

153 10 0.933 0.014 0.883 0.018

Prediction of hemoglobin concentration 
in liver samples

Goose 
Liver

N
Color
coord.

LV RC
2 RMSEC RCV

2 RMSECV

General 
models

156 L 9 0.778 1.485 0.583 2.036

156 a 9 0.904 0.561 0.852 0.698

156 b 9 0.802 0.746 0.611 1.046

156 E 9 0.858 0.795 0.745 1.066

Prediction of color coordinate components 
(L, a, b, E) of liver samples
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The objectives of this study were to investigate the effect of heat 

treatment on 

- HMF (5-hydroxymethylfurfural) content and

- the spectral pattern of unifloral honeys

Effect of Heat Treatment on the Spectral Pattern 
of Unifloral Honeys – Objectives
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- Honey samples:
- acacia (RP-Robinia pseudoacacia), 
- bastard indigo (AF-Amorpha fruticosa) and 
- sunflower (HA-Helianthus annuus) honey

- Samples were heated:
- at temperatures: 40°C, 60°C, 80°C and 100°C 
- for 60, 120, 180 and 240 minutes

- Determination of the HMF concentration
- Handheld spectrometer in transflectance (0.4 mm layer 

thickness)
- NIRS data was evaluated with principal component analysis 

(PCA) and PCA-based linear discriminant analysis (PCA-LDA)

Effect of Heat Treatment on the Spectral Pattern 
of Unifloral Honeys – M&M
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Effect of Heat Treatment on the Spectral Pattern 
of Unifloral Honeys – results - HMF
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Effect of Heat Treatment on the Spectral Pattern 
of Unifloral Honeys – results

PCA-LDA score plot of the NIR data of 

sunflower honey
temperature level time interval
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The objectives of this study were

- to develop models to classify and predict low concentrations of urea, glycine, taurine, 

and melamine in whey protein powder using a benchtop and handheld spectrometer

- to compare the accuracy of the models achieved by scanning the samples trough optical 

glass and commercial low-density polyethylene (LDPE) plastic bag using handheld 

spectrometer

Detecting Adulterants in Whey Protein Powder 
– Objectives
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Detecting Adulterants in Whey Protein Powder 
– M&M

MetriNIR

- Whey protein powder

- Adulterants
- taurine, glycine, melamine
- single adulterant mixtures (U, G, T, M),
- dual mixtures (GT, GU, GM, TU, TM, UM) and
- multiple mixtures (GTU, GTM, GUM, TUM, GTUM)
- total 15 different mixture combinations
- total adulteration level 0.5, 1.0, 1.5, 2.0%, 2.5%, 3% w/w
- triplicates of each mixture, resulting in 273 samples

- Diffuse reflectance spectra of powders collected by 
benchtop and handheld NIR devices

- Principal component analysis based linear discriminant 
analysis (PCA-LDA) for classification of type and level of 
adulteration

- Partial least squares regression (PLSR) for prediction of the 
level of adulteration 36



Detecting Adulterants in Whey Protein Powder –
Results – PCA-LDA
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Detecting Adulterants in Whey Protein Powder –
Results – PCA-LDA – adulteration levels

98.89%

91.09%

76.04%

58.54%

80.18%

67.83%
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Detecting Adulterants in Whey Protein Powder –
Results – PLSR – adulteration content

R2 RMSEC 
(g/100g) R2CV RMSECV 

(g/100g) R2Pred RMSEP
(g/100g)

benchtop

Urea 0.94 0.21 0.94 0.21 0.92 0.23

Glycine 0.91 0.64 0.90 0.65 0.85 0.82

Taurine 0.92 0.97 0.92 0.99 0.90 1.14

Melamine 0.90 0.18 0.90 0.19 0.86 0.21

handheld

Urea 0.89 0.26 0.89 0.27 0.91 0.25

Glycine 0.77 0.98 0.75 1.01 0.75 1.03

Taurine 0.84 1.39 0.82 1.47 0.85 1.37

Melamine 0.85 0.23 0.83 0.24 0.87 0.21

Handheld 
and LDPE 

plastic bag 

Urea 0.93 0.22 0.92 0.23 0.91 0.25

Glycine 0.79 0.96 0.77 1.03 0.73 1.11

Taurine 0.78 1.65 0.75 1.77 0.72 1.84

Melamine 0.79 0.27 0.78 0.28 0.75 0.29
39



Quantification of multiple adulteration 
of whey protein concentrate by NIRS
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FOOD QUALITY IN DIGITAL 

AGE
Authentication of chocolate based on geographical 
origin



Mixed

Substitution of an expensive 

raw material for a cheaper 

one

Geographical

origin

Increase in 

amount and 

weight

Problem Adulteration

Improve sensory properties

Different contents of cocoa butter
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MATERIALS

Chocolate samples: 

 Belcolade (100%) – 55% cocoa

dry matter

 Callebaut (100%) – 55% cocoa

dry matter

 Mixtures: Belcolade + 

Callebaut (10 - 90%) 

3 replicates each sample group

44



NIR (Near Infrared Spectroscopy)

• IR Spectroscopy is based on an interaction between the

radiation with the bonds in a chemical structure.

• NIR spectroscopy measures chemical bonds on the basis
of overtones and combination bands of specific groups.

Vibrational
Spectroscopy

IR(Infrared 
spectroscopy)

MIR(Mid 
Infrared 

Spectroscopy)

NIR(Near
Infrared 

Spectroscopy)

NIR-S-G1 (InnoSpectra Co., Hsinchu, Taiwan)

900-1700 nm 45



Methods
• NIR spectral region

enables indirect

analysis of samples

contained in glass

or plastic

containers.

• NIRS is a high 

energy radiation in 

vibration

spectroscopy that

can be used to

directly analyse

solids with diffuse 

reflectance

Infrared spectrum
wavelength of the
chocolate

Data points
recieved from the
NIR

Chocolate for
testing
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DEVELOPMENTAL RESULTS – Spectra

1000 1200 1400 1600
-0

.0
0

8
-0

.0
0

4
0

.0
0

0
0

.0
0

4

Wavelength

A
b
s
o
rb

a
n
c
e

– C000_B100 – C010_B090 – C020_B080  

– C030_B070 – C040_B060 – C050_B050 

– C060_B040 – C070_B030 – C080_B020 

– C090_B010 – C100_B000  

Pretreated 

spectra

1000 1200 1400 1600

0
.6

0
.8

1
.0

1
.2

Wavelength (nm) 

A
b
s
o
rb

a
n
c
e

– C000_B100 – C010_B090 – C020_B080  – C030_B070 

– C040_B060 – C050_B050 – C060_B040  – C070_B030 

– C080_B020 – C090_B010 – C100_B000  Raw spectra

Smooting + 2nd 

derivative

47



DEVELOPMENTAL RESULTS – Unsupervised 

analysis 

PC 1 – 67.26% 

P
C

 3
 –

6
-5

1
%

 

– C000_B100 – C010_B090 

– C020_B080 – C030_B070 

– C040_B060 – C050_B050 

– C060_B040 – C070_B030 

– C080_B020 – C090_B010

– C100_B000  

Smooting + 2nd 

derivative

Principal component analysis 

48



DEVELOPMENTAL RESULTS – Supervised data 

analysis 

LD 1 – 81.37% 
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Linear discriminant analysis 
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97.47%
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regression
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The objectives of this study were

- to develop NIRS methods for the quantitative evaluation of 

Grape seed extract (GSE) powder when adulterated with 

chemically similar compounds and 

- when used as an additive for fruit juice fortification

Quantitative evaluation of fruit extracts and 
fortified fruit juice – Objectives
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- Grape seed extract (GSE) powder mixed with 
- peanut skin (PSE), pine bark (PBE) and green tea extracts (GTE) 
- Single and multiple mixtures: 11 mixture groups
- 10 concentration levels/group

- Juice samples are fortified with GSE 
- Plum, sour cherry and blue grape juice
- 17 concentration levels/juice

- Diffuse reflectance and transmittance spectra of powders and 
liquids, respectively were collected by different benchtop and 
handheld NIR devices

- Principal component analysis based linear discriminant analysis 
(PCA-LDA) for classification of type and level of 
adulteration/fortification

- Partial least squares regression (PLSR) and support vector regression 
(SVR) for prediction of the level of adulteration/fortification

Quantitative evaluation of fruit extracts and 
fortified fruit juice – M&M
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Quantitative evaluation of fruit extracts and 
fortified fruit juice – Results – extracts – PCA-LDA
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Quantitative evaluation of fruit extracts and 
fortified fruit juice – Results – extracts – PLSR
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Application of NIRS and 
Aquaphotomics for Diluted Meat 
Extract Characterization

The aim of this study was
- to apply NIRS and 

aquaphotomics to discriminate 
different concentrations of 
meat mixtures

Meat extracts

The 4th Aquaphotomics International 
Conference, 2021
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Evaluation of Mung Bean (Vigna 
radiata) Sprout and Quantification 
of Ascorbic Acid Content Using 
Near-Infrared Spectroscopy and 
Aquaphotomics

The aim of this study were
- to understand the possibility of 

rapid quality check and 
observation of mung bean 
sprouting process through NIRS 
and aquaphotomics

- to test the potential of NIR and 
aquaphotomics to make a 
correlative model for quality 
parameters evaluation
and ascorbic acid
content

Mung bean juice

The 4th Aquaphotomics 
International Conference, 2021
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The aim of this study was to apply 
NIRS and aquaphotomics: 
- for monitoring quality change 

of fruits stored under different 
conditions,  

- early detection of Monilia 
fructigena infection

Monilia on plums
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International Conference, 2021
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Conclusions

Near Infrared Spectroscopy

• is well suited for the rapid and objective evaluation of crops and foods

• provides information on non-specific properties of the samples, therefore useful 

for detecting general quality changes

• has a wide range of applications also in industrial environments and/or field 

applications

• has been proven a very useful tool in the digitization of agriculture 

and food production (i.e. in FOOD Quality in Digital Age) 

all the way “From Farm to Fork” and beyond
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