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Nikleer Manyetik Rezonans ve (NMR) ve akla gelenler ??7??
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NUkleer Manyetik Rezonans Spektroskopi
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Contamination Lipids
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Current Opinion In Food Science

Alessia Trimigno, Flaminia Cesare Marincola, Nicolo Dellarosa, Gianfranco Picone, Luca Laghi, 2015. Definition of food quality by NMR-based
foodomics, Current Opinion in Food Science, 4: 99-104
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Beng Tipi Nukleer Manyetik Rezonans Spektroskopi
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Hydrolysis of acetic anhydride with mass balance
(see Magritek Application Note 9)
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NMR

* Nukleer Manyetizma

 Nukleer Manyetizma her atomda gortlmez; atomun belli bazi
ozellikleri ntkleer manyetizmanin olusup olusmayacagini belirler.

 NMR aktif atomlar

| Atom Numarasi (Z) || Notron Numarasi(N) | Kiitle Numarasi (A) | Niikleer Manyetizma |
| Gift | Gift | Gift | () |
| cift | tek | tek | evet |
| tek || cift || tek || evet |
| tek | tek | cift | evet |

Tablo: Proton ve notron sayilarinin cift sayida olmalan halinde nukleer manyetizma (-) olmaktadir. Proton veya notron
sayilan tek oldugunda ise nilkleer manyetizma (+) olmaktadir.




NMR Aktif Atomlar

Element
Hidrojen
a Hidrojen ), 0
6 7 C13 Karbon 1,10
7 7 N14 Nitrojen 99,62
7 8 N15 Nitrojen 0,38
8 9 017 Oksijen 0,039
9 10 F19 Florin 100,0
11 12 Na23 Sodyum 100,0
12 13 Mg25 Magnesyum 11,50
15 16 P31 Fosfor 100,0
17 18 C135 Klor 75,40
17 20 C137 Klor 24,60
19 20 K39 Potasyum 93,38

Tablo: Atom numaralarl aynl, kiitle numaralar farkll olan atomlara izotoplar denmektedir. Orne@in hidrojenin
izotoplarindan H1'de 1 proton, H2'de 1 proton ve 1 Notron vardir.

10. Gida Miihendisligi Kongresi , 09-11 Kasim 2017, Antalya




Spinler
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Self Diffusion Coefficient : Pulse Gradient Stimulated Echo
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TD-NMR : Kati Yag Analizi

907 pulse 1004

g
SFC = (f*S-L)/f*S
e point S

80+ R=0.9994
60+

40-

SFC calculated, %

20/
Solid phase

0 T T T T T T T T
o 0 25 50 75 100
Liquid phase given SFC, %

Fig. 3. Typical calibration curve of Spin Track
/ Point L

FID amplitude, a.u.

analyzer

Time. us

Fig. 1. SFC calculation based on FID




W0y, W 90"
Idoad um:'
time
X I I
TX : ! : : ¢
. bro o2 o2
RX il

| acquisition

|
lacquisition
I

o90] 90y, W, N, W1 9y Ay 9y 90905,

acquisition I I I’, I
ir,,,i 2r,,,§ 2% i 2T irq,ér,,,i wai 21, i 21:,% WEMSE
49 ——FID e ' ' R —
—SE
—— MSE — MSE
5 —SE
© ——FID
©
c
2
0 24
0 d
=
Z
AN o~
O— T T T T
0 20 40 60 80 -0.10 -0.05 0.00 0.05 0.10
time, us Frequency, MHz

FID = MSE (Sihirli Sandvic Eko)
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TD-NMR: Tohumlarda Yag ve Su Analizi

450 -

90° RF Pulse  180° RF Pulse -

420
410
400
390
380
370
360

R=0.996

Spin echo

NMR signal, a.u

v

Yag

38 40 42 44 46 48 50
Qil content, %

time

Fig 1. FID-Spin echo sequence

NMR signal, a.u

50 55 60 65 70 75 80
Moisture content, %




Contents lists available at ScienceDirect

Trends in Analytical Chemistry

journal homepage: www.elsevier.com/locate/trac
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Kapsaisin Yukli Nanoemdlsiyonlar

Aci biberin etken maddesi olan kapsaisin;
v'Hidrofobik maddedir.

v'Bircok patojene karsi antimikrobiyal etki géstermektedir.

e Staphylococcus aureus, Salmonella typhimurium,
Bacillus cereus, Listeria monocytogenes,
Helicobacter pylori gibi.

v' Suda ¢6zindrlik, termal stabilite ve biyoyararlihigini
arttirmak icin nanoemdilsiyon kullaniimistir.

TUBITAK 2140436-1002 Programi Destekli




Igsel Difiizyon Katsayisi (Self Diffusion Coefficient)
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Jelatin Konsantrasyonunun Yumusak Sekerlemelerin
Fiziksel Ozellikleri Uzerindeki Etkisinin Incelenmesi

80 -

°1 5 L « 0.32 T NMR Sistemi
60 - T
- ] — e T1
é >0 1 } RELAKSASYON ZAMANLARI
|_N 40 - e T2
od ENMRT1
| ENMR T2cpmg

Jel_6 Jel_7 Jel_8 Jel 9 Jel_10
% Jelatin Konsantrasyonu
* Yapilan boylamsal rahatlama zamani deneyilerinde %9 ve %10 benzer 6zellik
gostermis ve diger numunelere gore oldukca yiksek cikmistir (p<0.05).
e Jelatin konsantrasyonu arttik¢a T, relaksasyon zamanlarinda %9’ dan itibaren
azalis gozlemlenmistir (p<0.05).




Soya Proteini Ve Nisasta Iceren Yumusak Sekerlemelerin
NMR Relaksometre Kullanarak Mikroyapisal Analizi

60
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Q
Q

T1 (ms)

Vi ~
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oa
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H

7.glin 21.giin

Sure

Spin Track NMR

2,5

2,0

1,5 Cc
1,0

T2 (ms)

0,5

0,0
1.giin 7.glin 14.giin Zl.gﬁnsure

%9 nisasta ve %2 soya proteini iceren yumusak sekerlemelerde, 14. glinden itibaren T2
degerinde belirgin bir artis gozlemlenmistir. T2 degeri numunedeki serbest su igerigi ile
iliskilendirilir, bu nedenle, zamana bagh T2 degerindeki artis nisasta molekullerinin sebep
oldugu sineresis ile aciklanmistir. (TUBITAK 1160759 2505 Programi Destekli)




Ayva Cekirdegi Ekstraktinin Emilsiyon Stabilitesi Uzerindeki Etki
Mekanizmasinin Arastiriimasi

Ayva Cekirdegi PASP Izolesi Ksantan

]
[N
v

Aycicekyagi

|
NMR Relaksometre




Stabilite
£ Ayva Cekirdedi > Ksantan
% 12 Ksantan> 12 Ayva Cekirdegi

0 10 20 30 40 50 60 70 80 90 100
Shear Rate (s)

¢ 0.5X ——Power Law Fit (0.5X) A 0.5Q ——Power Law Fit (0.5Q)

1199199%

(Day0)

1988 88%

10. Gida Miihendisligi Kongresi , 09-11 Kasim 2017, Antalya




Mekanizma

Emiulgator / \

Surfactant-stabilised oil droplet




Kitre Zamkinin Emlsiyon Stabilitesi Uzerindeki Etki
Mekanizmasinin Arastiriimasi

1600
1400
1200

Z1 000

E Ab Ab
™ 800 I d

Cal

i

14 21

(COCKOCKCNCINIIN =
EEENSRRRRRRRARANAN =

IR

600

400

200

Spin Core-0.5 T NMR sistemi-T2 6l¢iim{i 0

Kontrol,Ksantan zamki, - e
Kitre Zamki ve SMP iceren . =
yag/su emilsiyonlarinin
gorinimu

¥
%0

Malvern Mastersizer 3000-Parcacik Boyutu ol¢lim

Volume moment mean diameter (d, ;)

BC SGT @XG MSMP BESMP-H

Time (Day)

» En duslik T2 relaksasyon zamani kitre zamki ile hazirlanan emiilsiyonlar icin bulunmustur (p<0.05) ve bu iliski kitre
zamkinin yag damlaciklar Gzerindeki adsorpsiyon mekanizmasi ile agiklanmistir.
» Emdiilsiyonlarin parcacik boyutu ile T2 relaksasyon zamanlari arasinda ters oranti oldugu gézlenmistir.
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Yag/Su (Y/S) Ve Su/Yag (S/Y) Emulsiyonlarinin Ayrimi
NMR Relaksometre Kulllanarak Tespiti

Yapilan Olciimler:
- . Relaxation Spectrum >

=10

S/Y EMULSIYONU

KARISTIRMA SU BANYOSUNDA
(10,000 rpm 1 dk) BEKLETME K%IS{:T%A
*PGPR*Lesitin*Yag (50 °C 15 dk) (18,000 rpm 7 dk)

Amplitude

| S

m H ‘ >

— o “—L@—l
Y/SEMULSIYONU ~ S/YEMULSIYONU ~ [oomeeememe

* Parcacik boyutu: 17.1 um * Parcacik boyutu: 0.284
. T2:307.4ms Hm

e T2:611.6 ms

Amplitude




Manyetik Rezonans Goéruntuleme
(MRG)




Manyetik Rezonans Goruntuleme
(MRG)

> 1.5 Tesla




Manyetik Rezonans Gorunttleme (MRG)
tEEEEE




Disuk Manyetik Alan Gucundeki Sistemler




MRG veya NMR Relaksometre [l

* Goruntu

* Boyutsal cozinirliik Tek yonla sinyal

- Gradiyentler Salinim zamani

* Yiiksek maliyet Relaksometre
Benc tipi sistemler, disuk
maliyet

Time Domain NMR (TD NMR)
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5 emulsion

14 16.04.28-14:58:43-DST-1.3.12.2.1107.5.2.32.35397
4/28/1956 M
UMRAM

1
METU FDE~Food
tse_sevil

FS: 3
TR: 1500.0 TE: 15.0
4/28/2016 3:05:33 PM

Im: 2/96 A emulsion
Se: 6 16.04.28-14:58:43-DST-1.3.12.2.1107.5.2.32.35397
4/28/1956 M

UMRAM

1

METU FDE~Food

msme

R: 90° CW 2/5 Ision
5 16.04.28-14: Ssaaosnmzzumszp 5397
4/28/1956 M

YAG SU BASKILANMIS GORUNTU

FS: 3
WL: 450 WW: 830 [D] 5 TR: 2000.0 TE: 13.8 ¢, , [ TR: 15000 TE: 15,0
T: 3.0mm L: 3.6mm 4/28/2016 3:09:22 PM;.0mm L: -2.4mm B 4/28/2016 3:06:33 PM
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Yag/Su Dagilimi

Table 1
R2 (coefficient of determination) values for the relaxation spectrum parameters (Ts,,
Ton, R2a, R2n) and moisture and fat content of nuggets (based on linear relationships).

Core Region Coating type Crust Core Coating type Crust Core
Methylcellulose Control
3000 Temperature: 191 °C
T2, vs moisture content 0.955 0.998 T., vs moisture content 0.946 0953
T, vs fat content 0.675 0.979 T, vs fat content 0.936 0906
Tz2a vs moisture content 0.948 0.956 T, vs moisture content 0.747 0972
Ty, vs fat content 0.955 0.946 Ty, vs fat content 0.800 0.904
R2a vs moisture content 0.998 0.807 Rz. vs moisture content 0.961 0.903
R, vs fat content 0.836 0.728 Ry, vs fat content 0922 0947
2000 Rap, vs moisture content  0.988 0.938 Ry, vs moisture content 0.883 0964
Ry, vs fat content 0.981 0.938 Ry, vs fat content 0.827 0922
Temperature: 177 °C
T2 vs moisture content 0.765 0.811 T. vs moisture content 0.702 0.963
Ty, vs fat content 0.995 0.920 Ty, vs fat content 0952 0.757
5 T2 vs moisture content 0.878 0.899 T, vs moisture content 0.730 0949
Crust Region 1000 T,. vs fat content 0.879 0.977 T, vs fat content 0811 0704
R2, vs moisture content 0.984 0900 R», vs moisture content 0.887 0.901
R;, vs fat content 0.675 0.979 R, vs fat content 0999 0.709
Ryp vs moisture content  0.987 0.949 Ry vs moisture content 0.750 0.950
Ry vs fat content 0.673 0.944 Ry vs fat content 0972 0.753
0

%o o ' Oztop ve ark.(2014)

o= /\ \ | Using multi-slice-multi-echo images
with NMR relaxometry to assess

gt — LU water and fat distribution in coated
chicken nuggets

ol i LWT - Food Science and Technology
' *%0s 55 (2014) 690-694

0 50 100 150 200
Time (ms)

Amp (arb)
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MRG : Beyaz-Esmer Pirin¢ Sindirim

t=0 t=28 min t=76 min t=158 min

3000

A

' 1‘2000
> '1000
0

20 40 60 80 100120

20 40 60 80 100120

20 40 60 80 100120 20 40 60 80 100120 20 40 &0 80 100120

20 40 60 80 100120

Physical Changes in White and Brown Rice during Simulated Gastric Digestion
Fanbin Kong, Mecit Halil Oztop, R. Paul Singh, and Michael J. McCarthy. Journal of

Food Science Vol. 76, Nr. 6, 2011, 450-457




MRG : Badem Sindirim

Raw Roasted Fried Boiled
20
40
60
=0 80
100 F
120 [zt 4
20 40 60 80 100 120
1200
t= 3 hrs 1000
20
40
t=7 hrs 60

b X
3

e |- i 120 i
20 40 60 80 100 120 0 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100120 O

Effect of boiling, roasting and frying on disintegration of peanuts in simulated gastric
environment

Fanbin Kong, Mecit Halil Oztop, R. Paul Singh, Michael J. McCarthy

LWT - Food Science and Technology 50 (2013) 32-38
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MRG: Celtigin Kurumasi

MRI Image:




MRG (0. 5 Tesla : 10 mm)

MR Image @ SpinTrack

4120

4100

450
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Tesekkurler...




