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How does It look inside?
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Quality Parameters

nondestructive measurement

Surface colour
Surface defects
Size

shape

Rigidity
Texture
Density
Ripeness

Temperature defects
Internal cavities

Internal 1nclosures
(Insects, particles)

Physiol. losses, internal
browning

Chemical composition?
Aroma?
Flavour?



Non Destructive Techniques

Acoustical properties

Dielectrical behaviour

Optical imaging (colour, shape, size)
Magnetical properties (MRI)
Mechanical vibrations (pressure)
Mikrowave (density, humidity)

Light-reflexion, -transmission und —emission
VISMIR/NIR

X-Ray



Sorting parameters:

Brix-value (total soluble)
Glucose ?

Fructose ?

Sucrose?

Acids (total acids)
Citricacid ?

Malic acid ?

Quinic acid ?

Vitamin C ?

Fibre
Antioxidants ?
Antimutagenes ?

Secondary plant
compounds ?

Ripeness
Water core
|nternal defects



Recent applications

Pears, apples, melons. Brix and firmness with
VISNIR

Pine apples: fresh-cut fruit ,,fresh and old"
NIR/MIR

Mango, Banana, peach: firmness, combination
VIS-NIR with acoustical impulse technique

Beef: tenderness with Vis-NIR imaging
Grapes:. brix, fructose, pH-value, acidity
Turkey, cut meat, classification



FIrmness measurements

(super sonic)

Vibronational properties of fruit
and vegetables

(Ultra)-sonic or mechanical
Impul ses between 0-3 KHz

Resonance frequencies decrease
with incresing ripeness. They
are directly correlated to
firmness, rigidity and hardness

Good correlation to Magness- | Kiwifruit
Taylor firmness -

Not applicable to soft fruit and
stone fruit

Function Synthesizer

Microphone

Speaker




FIrmness measurement

Mechanical impulses viaimpact systems

Impact
Surface

Figure I-The impact system.




m

Ve 4w gr——
.
wh

||t

sl ﬁ-ﬂ-l

(e




Fig. 5. A portable frequency response measurement instrument (http://www.ava.co.ip)
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Fig. 9. Layout of the watermelon sorting system (Noh and Choi, 2006)



Fig. 8. Watermelon sorting system by acoustics technology

http://www.shibuya-sss.co.ip)




Nuclear Magnetic Resonance NMR

Magnetic properties of atoms (nucleons) in tissue

Nuclear spin — magnetical moment

Thisspinsarein linein an external magnetic field (spin parallel
or antiparallel)

Aquilibrium being measured with radio frequency

Signals spend informations about the chemical environment of
the nucleons of concern



NMR - techniques

NMR-Imaging and other techniques
nternal structure
—ruit flesh browning
~at, sugar, water
Ripeness
Dry regions and dry weight




NMR

Surface coil

Figure 1. Schematic drawing showing the method used to measure NMR
resonance peaks of an intact fruit using a 2 cm surface coil.




NMR

Water peak
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Figure 2. NMR spectrum of an avocado sample showing the resonance peaks
of water and oil. The spectrum was acquired by placing the whole
fruit against a 2 cm surface coil.
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Fluorescence and Delayed Light
Emission (DLE)

Chlorophyll (ex. at 455 nm, 680 nm; em. at
650-750 nm, maximum at 690 nm,

Shoulder at 735 nm)

* Fluorescence: photo system I, 1-3 sec, In
tissue and in solutions

 DLE: only in intact chloroplasts, msto min

* Ripeness, loss by heat and chill,
physiological disorders



X-ray Imagimg

* Tissue damage in plant tissue

* Insects, internal defects (water core, frut
flesh browning, translucence in pine apples,
chilling injuries, dry areas in orange

* Ripeness of peaches, mangoes, |etuce



Near-1nfra-Red-Spectroscopy

UV/VIS: 100 — 750 nm

NIR: 750 — 2500 nm (CH, OH, NH, over
tones)

MIR: >2500 nm

Dry weight, proteins, sugars, acids, injuries
like flesh browning, water inclusions,
rpeness

Japan, USA, NZ, |sra€l






NIR Dilode Laser Non-Destructive Analysis
Quantifying Defects using Image Recognition

= 7146 pixel?

Total defect
area:41000 pxl.

Total apple area:
295000 pxl.

Relative defect
area: 14 %

Defect classes:

class O: 0
classl: 0- 5
class2: 5-10
class 3: 10-25
class 4: 25-50




Fruit flesh firmness of apples
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Fig. 1. Schematic diagram of the hyperspectral imaging system.




Figure 4 — Tim nt chamnge in
through-transmitied HIR amplitude as
a sample of froren dough gradually
thawed and expanded in a8 room
temparature snvirommenlt.

Fe A
| O 5 b o e b R SSIIEY o
\ "“H—*.____h_ Sample beginning to
o} \ i expand
s, - Sample 1 A
- - )
= still frozen I
= | M
E s} I|J —— Sample expandead
= =l #11
3 i
7.5 Lt
]LI:.'._.. o
3t 4 s i
& | ’ -"l"\. 1
3.6 |
al . . . " ’
0 2 i ] B 10 12 14 16 18 20
Time { Hours)
E
B
-
|
o 20 40 &0 BO 100
X (mm})
E28 JOURNAL OF POOD SCIENCE—Vol. 74, Nr. 1, 2009

Figure 5— MNIR scan of
@ risen dowgh sample
containing air-pookets.
{A) Conventional
photograph of the
specimen; (B) a NIR
through-transmission
image, with lightor
areas representing
lower Iransmission
ampiitudes.
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. (B) The NIR through-transmission image,
hin the thickness of the sample (and which

ion of the objects that had been placed deliberately w

are shown In C). The coin is 24 mm In diamater.

Figure 8—(A) Conventional optical photograph of a pastry dough

showing detect



Figure 11 —Iimages of a chicken
“drum-stick™ -

(A) Conventional photograph, and

{B) through-transmission NIR image
showing the bone structure within
the chicken. The darker areas are the
thicker joints at either end, where
attenuation within the bone is
greatar.
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Figure 12— (A) Photograph of a -trlpﬂmmmmzmﬂpﬂmmll HIR through-transmission
image, in which the fat is clearly visible.
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MR technique for imaging food materials. ..

X (mm)

Figure 15— (A) Photograph of 4 cherries containing stones, except for the circled cherry from which the stone was

removed. (B) High-contrast NIR image, showing the detection of cherry stones as the darker areas, and the absence
of a stone in the cherry at the bottom right.
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Comercial Sorting viaNIR
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Electronic nose and electronic
tongue

 Imitation of sensorial human cellsin the
nose and on the tongue with bio sensors for
sweet, acid, salty and bitter

e Recognition of quality levelsin water phase

* Recognition of flavour (chemical
compounds) In the gas phase



Electronic nose, el ectronic tongue

o Semiconducting metal oxides
 Electical conducting polymers

e Sensors, which use amass effect with two
groups of vibrational quartz sensors
(QMB/QCM sensors) and surface waves
sensors (SAW sensors)

e |on salective electrodes



Tahle 2

Recent cases of electronic nose application to food quality and safety characterization.

Application case

Aim of use

Researcher(s)

Egg
Meat

Hard cheeses
Tomato

Carrat

Milk

Breast milk
Japanese green fea
Wine

Olive oil

Virgin alive oil
Alcoholic beverage
Wine grape

Honey

Apricot

Sea bass
Pear
Blueberry
Wheat

Rice
Chickpea
Pineapple
Peach

Citrus juice
Mango fruit

Caffee

Fish

Virgin coconut oil
Feeding fat
Octapus

Bread

Infant cereals

Monitoring storage time and quality attributes

Freshness assessment

Qualitative and quantitative detection of beef fillets spoilage
Shelf life prediction and modeling

Differentiation based on either age or geographical origin and discrimination based on cheese variety
Assessment of microbial contamination in processed tomatoes
storage shelf life monitoring

Monitoring changes of tomato aroma during drying

valatile monitoring and control in microwave drying
identification of different millk flavorings

Antioxidant capacity and aroma quality and safety assessment
identification of tea types and their particular flavor
Discrimination among types af wine

Threshold detection of aromatic compounds

Classification according to geographic origin

identifying the geographical origin of Liguria extra virgin olive ail
Detection of adulteration with rapeseed and sunflower oils
Monitoring of oxidative status evolution and sensory analysis of oil with different phenolic content
Off-flavor detection

Postharvest dehydration assessment of the grapes

Geographical origin characterization

Monitoring of the storage period

Evaluation of quality and breeding perspectives

Freshness decay and shelf life predictive modeling

prediction of acidity, soluble solids and firmness

Disease detection and classification

Analysis of fungal volatile

Discrimination of storage age

Differentiation among rice varieties

Recognition among varieties with different milling and physicochemical properties
Shelf life evaluation of fresh-cut fruit

Characterization of peach cultivars and monitoring ripening stage during shelf life
Peach quality attribute evaluation

Classification based on fruit type, cultivar and treatment
Discrimination of mango fruit maturity

Ripeness and rot evaluation

Discrimination of complex mixtures

Quality control through the detection of defects in cup [ests
Freshness monitaring

Detecting the adulteration

Classification

spoiling and formaldehyde-containing characterization

Aroma monitoring during baking

Evaluation of antioxidant properties and aroma quality

Yongwed ef al. {2009 ]
Musatov et ail. (2010}
Argyr eral, (2010]
Limbo et al. (20107
Gursay ef al. {2009
Concina er al. {2008}
Gomez et al, (2008)
Pani et al. (2008)

Li er al, (2009a)

Wang et al. (2010])

Li er al. (2008d)

Yang et al, (2008}
Logano et al. (200R)
Santos et al. (2010)
Cynkar er al. (20107
Casale et al. (20010}
Mildner-Szkudlarz and Jelen (2000}
Lerma-Garcia et al. [2009)
Ragazzo-Sanchez et al. (2009]
Santoanico ef al. (2010)
Cacic et al. [2D09)
Defilippi et al, (2009
Gatti er al, (2008
Limba et al, {2009}
Zhang et al. (2008)
Lieral. {2010a)
Perkowski et al. (2008
Pang et al. (2008)
Zheng et al. {2009)
Ravi and Harte (2008)
Torn et al. {2010}
Renedetti et al. {2008 )
Zhang and Wang (2009
Reinhard er al. (20087
Lebrun et al. (2008)

Li et al. (2009¢)
Suslick er al. (2010)
Rodriguer et al, (2010]
Barat er al. (2008}
Marina et al. (2010}
Van Ruth et al. (20107
Zhang et al, {2009
Pomzoni et al. (2008)

Li et al. [2010k)




M. Chasemi-Varnamkhasti et al./ journal of Food Engineering 100 {2010} 377-387 381
Table 1
Some mare recent applications of electronic tongue in food quality and safety characterization.
Application case Aim of use Researcher(s)
Tomato Analysis of fomato tasee Beullens et al. { 2008)
Wine Age prediction and organic acids and phenalic compounds quantification Rudnitskaya et al, (20010]
Beer Assessment of bitterness intensity and suppression effects Legin et al. (2009)

Mineral water
Minced meat
Tunisian water
Olive oil

Tea

Milk

Wine consumed with seafood
Orange juice
Soybeans

Mon-alcoholic beverage
Water

Honey

Matural water

Chinese tea

Fish

Edible oils
Chicken carcass
Beverage types

Sport drinks
Green fea
Soft drink

Quantification of real extract, real fermentation degree, alcohol content,
pH, bitterness, color, polyphenol and CO, content

Classification

Prediction of MaCl, nitrate and nitrite contents

Discrimination among samples

Evaluation of the phenolic content of extra virgin olive oils
Characterization with different degree of bitterness

Classification of black tea taste

Discrimination of Xihulongjing tea grade

Classification of milk criginating from various producers

Identification of goat milk adulteration with bovine milk

Adulteration recognition

Monitoring changes in probiotic fermented milk during storage
Evaluation of effect of sulfur dioxide on formation of fishy off-odor and undesirable taste
Citric acid assessment

Identification and discrimination of different soybeans cultivars with
genetically distinct characreristics

Evaluation of juice level

Study of water quality in fish tank

Classification of honey samples of different floral origins and geographical origins
Recognition and prediction of common anions chloride, sulfate and bicarbonate
Correlation with sensory properties and classification according to
geographical origin and grade level

Freshness monitoring

Discriminating oils on the basis of their quality and geographical origin
Salmonella typhimurium detection

Determining taste-causing compounds

Recognition among the rypes

Evaluation of salt region

Determination of caffeine content and main catechins contents
Semi-quantitative and quantitative analysis for differentiation

among the beverage based on fruit juice contents

Palishin et al. (2010)

Men et al, (2009)

Labrador et al. {2010]

Sghaier et al. (2009)
Rodriguez-Mendez et al. (2008]
Apetrei et al, {2000}

Palit et al, {2009)

Xiao and Wang {2009}

Ciosek and Wroblewski (2008)
Dias et al. (2009)

Paixao and Bertoin (2008)
Hruskar er al. (2010}

Fujita et al. (2010

Medeirns et al. (2009)
Gregorut et al. {2009

Peres ef al, (2009)
Chang et al. [2008)
We et al. {2009)
Labrador et al. (2009}
He et al. (20097

Gil et al, (2008}
Oliver et al. (2009
Lan et al. (2008)
Sun er al, [2006)
Ciosek e al. (2009
Wu et al. (2008)
Chen et al. (in press]
Dias et al, {in press)




Thank you for your attention
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NIR-Miniaturspekitrometer —
von der Substanzerkennung bis zur
nichtinvasiven Blutglucosebestimmung

K -U. Jagemand, Ch. Fischbacher, K. Danzer
Frisdrich-Schiller-Universitat Jena, Instilut fur Anorganische und Analytische Chamie, Lessingstr B, D074 Jana
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Identititepriifung Michtinvasive Blutglucosebestimmung
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Fig. 3. Watercore amelioration in apple (cv. Fuji) during 20 weeks cold storage at 0°C. Proton-density weighted images (7 ) ms;

s) are of a longitudinal equatorial slice of a Fuji apple imaged on successive occasions during the storage period. Numbers
indicate weeks in storage. Pixel sizes are 0.39 x 0.39 mm with a 5 mm slice thickness (Clark et al., 1996).
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