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i ICERIK

= Termal Analiz

= Diferansiyel Taramali Kalorimetre (DSC)
= DSC Kullanim Alanlari

= DSC Yag Analizlerinde Kullanimi

= DSC ile Zeytinyag! Karakterizasyonu Uzerine
Yapilan Calismalar

= Sonug



i TERMAL ANALIZ

= Maddelerin fiziksel ozelliklerini sicakhginin fonksiyonu
olarak Olcen teknikler

= Termodinamik ozelliklerin (sicaklik, 1si, entalpi vb.)
belirlendigi analiz yontemleri



TERMAL ANALIZ

= Termogravimetrik analiz
= Diferansiyel taramali analiz
= Diferansiyel taramali kalorimetre



DIFERANSIYEL TARAMALI
KALORIMETRE

= Kontrolli atmosfer kosullarinda,
= Zaman ve sicakligin fonksiyonu olarak,

= Maddedeki fiziksel degisimlere bagli enerji
degisimlerinin Olcimu
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Is1 akisimi kontrol eden
Isiticilar ve kaydeden program




DIFERANSIYEL TARAMALI

‘L KALORIMETRE

= Ekzotermik ve endotermik prosesler esnasinda
meydana gelen

=« fiziksel ve kimyasal degisimler ile ilgili kalitatif ve
kantitatif bilgi saglayan termal analiz yontemi
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DIFERANSIYEL TARAMALI

‘L KALORIMETRE

= Camsi gecis sicakhgi
= Erime noktasi sicakligi
= Kristalizasyon sicakligi
= IsiI kapasitesi

= Entalpi

= Oksidatif stabilite

= Termal stabilite




DIFERANSIYEL TARAMALI
KALORIMETRE
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i DSC UYGULAMA ALANLARI

Polimer
Gida
Seramik
Cam



DSC YAG ANALIZLERINDE

i KULLANIMI

= Termal stabilite

= Oksidatif stabilite

= Yapi belirlenmesi

= Orijin belirlenmesi




DSC ILE ZEYTINYAGI

*(ARAKTERiZASYONU

Her yagin kendine 6zgu TAG kompozisyonu vardir

= Katl «=pSivi faz gecisleri molekilin
kompozisyonundan etkilenmektedir

= Kristalizasyon ve erime grafiklerinden yaglarin orijini
hakkinda bilgi elde edilebilir




DSC ILE ZEYTINYAGI
i KARAKTERIZASYONU

= Kristalizasyon ve erime grafikleri yaglarin kimyasal
kompozisyonu ile ilgili direkt bilgi vermez

s Faz gecisleri sirasinda termodinamik Ozelliklerde
meydana gelen degisimler kimyasal kompozisyon
hakkinda bilgi verir

= Termodinamik Ozelliklerde meydana gelen degisimler
kalitatif ve kantitatif degerlendirmede kullanilabilir



Tan ve Man (2000)

= Kanola (CnQO), fistik (PtO), aspir (Sa0), susam (5e0),
soya (S00), aycicek yagi(SuO)

= Kimyasal kompozisyon

= Termal ozellikler

Tablo : Yag asitleri kompozisyonu

Yag asitleri yiizdesi ()

Ornek SFA MUFA PUFA
CnQ 159 = 0.1P 275 +0.2 56.7 + 0.4°
PtO 225+ 08" 50.1 +0.2¢ 27.4 + 0.6"
Sa0D 10.4 + 0.00 13.9 + 0.2™ 75.7 + 0.12
SeD 19.1 = 0.1°8 40.6 +0.19 40.3 + 017

500 16.9 + 0.19 236+ 0¥ 59.5 + 0.1¢
SuD 12.8 = 0.8h 17.8 + 0.0/ £9.4 + 0.2¢
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Kristalizasyon grafigi

Tor (°0)

Ornek
CnO -16.20 = 0.19%
PrO -2.96 = 0.16%
Sa0 -19.56 + 0.56"
SeO -7.23 £ 019"
So0 -14.13 = 0.24'
Su0 -15.53 + 0.0H
» o
O_rnek T (°C)
CnO -85.71 = 1.130%
PtO -85.37 + 0.04"%
Sa0 -89.28 + 0.70™
Se0 -85.78 = 0.76'4*
So0 ~86.76 + 0.05'
SuD —86.14 = 0.15k!
Ornek T.(°C)
CnO £9.51 + 1.329b¢
PtO B2.42 + 0.12°
5al £9.72 + 0.132.b.C
Sed 78.56 + D.953D
So0 72,63 + 0.30°8¢
SuQ 70.61 + 0.223bc

T, : kristalizasyon baslangig sicakligi

T :kristalizasyon bitis sicakligi

T.: kristalizasyonun meydana geldigi

sicaklik aralhigi
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Tan ve Man (2000)
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Erime grafigi

Ornek Ton (°C)
CnO ~46.02 + 0.098
PtO -56.52 + 0.07%
Sal) -48.36 + 0.0
Sel) -46.03 + 0.959
So0) -46.11 + 0.069
Su0 -46.79 + 0.458"
Ornek T (°C)
Cn0O -4.21 +0.05'
PLO 11.83 + 0.03f
5a0 -6.64 +0.097
Sel 3.36 +0.25'
500 1.89 + 0.03
SuD -4.72 + 0.06'

" o
Ornek T, (°C)
CnO 41.31 + 0.449
PtO £8.35 + 0.0ab
Sa0 41.72 + 0,187
Sel 49,40+ 1.21°
So0 47.75 = 0.372f
SuD 42 57 + 0.06Y

T,, : erime baslangig sicakligi
T & erime bitis sicaklig
T.: erimenin meydana geldigi sicaklik aralig



Chiavaro ve dig. (2007)

= Sicilya zeytinyaglar
= Biancolila
= Cerassuola
= Nocellara del Belice

= Kimyasal kompozisyon
= Termal ozellikler
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Chiavaro ve dig. (2007)
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Chiavaro ve dig. (2007)

Tablo : Yag asitleri kompozisyonu

Hasat dénemi A B G
Nocelara Nocelara MNocelara
Biancolita Cermswla del Belice Biancolila Cerasuwola del Balice Biancolila Cermswola del Belice
SFA 16.5b i5.0¢ iBia i7Tda 146D i6.6¢c 1589a 1370 156a
MUFA 731b T6da 7480 7360 76.1a 7440 Telc TiTa 164 b
PUFA 84D g6a T0c BEc 823 806 gib B5a 80b

Tablo : Termal ozellikler

Cesit AH (M) T ("C) rangs® (°C)|
Baancolils 5 7a 121b ¥la
Cemsucl 67.3a 136b 25b

Nocelara del B 6742 i09a X5



i Kotti ve dig. (2009)

= [unus

= Chetoui

= Chemlali
= Kimyasal kompozisyon
= Termal ozellikler
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 Kotti ve dig. (2009)

Heat Flow (Wg) Heat Flow (Wig)
08 0.8
Fml
"6 067 P2
Fml
041 04+ Cal
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Cm? ]
0.0+ 0.0
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Chemlali (Fm2, Cm2, Cm3, Cm4, Cm5)



Kotti ve dig. (2009)

Tablo : Yag asitleri yuzdesi

Fml1 Fm2 Cml Cm?2 Cm3 Cmd Cm5

SFA 17.6 £+ 0.2¢ 228 L 02 17.1 £ 0.3 234 4+ 0.1% 23.8 £ 0.2° 23.7 £+ 0.2° 22.44+02°

MUFA 63.1 L+ 04° 58.5 £ 04° 65.4 £ 0.5 56.6 & 0.2¢ 56.4 4 0.3¢ 5704+ 0.3 58.4 L 04°

PUFA 19.3 402" 18.6 L 0.1° 17.5 £ 0.2 20.1 &+ 0.2 19.8 + 0.2° 1934+ 0.1° 19.1 £0.2°
Tablo : Termal Ozellikler (kristalizasyon) Tablo : Termal ozellikler (erime)
Sample AH (J/g) T, (°C) T, (°C) Range® (°C) Sample AH (J/g) T, (°C) T (°C) Range® (“C)
Fml 643+ 1.5 1174045 —52.14+04" 404 L+ 08¢ Fml 63.14£20% 2804118 1024029 3004 1.2°
Fm2 642+ 1.3 —BREL0.1° —536L08 448+ 1.0° Fm2 610+ 1.4 366403 13.04£04° 4084022
Cml 66.1 = 1.0 —11.3L£0.1° —4994+03* 386L04° Cml 7494 22° 274405 9014+01° 3644+06°
Cm?2 63705 —7.14+£02 —5644+05 492L06" Cm2 66.6 L 1.7° —3644+03" 1224£02° 486+L04°
Cm3 66.7L08% _—67L0.1* —567L05% 4090L05° Cm3 5464+ 179 384405 12.74+04% 51.14+05
Cmd 69.5+ 0.5 694020 —5704+£05 5004+04° Cm4 5654+ 1.0° —3844+03 1274+01% 51.14+03°
Cm5 657+ 1.2 _86+0.1" —5604+067 484 L 070 Cm5 5464219 —3804+03° 1234+01™ 512403



i Ilyasoglu ve Ozcelik (2011)

= TUrk Sizma Zeytinyaglari
m Ayvallk
=« Memecik
= Hasat sezonu
= 2006/2007
=« 2007/2008
= Kimyasal kompozisyon
= Termal Ozellikler




Ilyasoglu ve Ozcelik (2011)
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Ilyasoglu ve Ozcelik (2011)

Tablo : Yag asitleri ve TAG kompozisyonu

Pammeters Ayvalik cultivar (mean £ SD) North Aegean Memecik cultivar (mean £ SD) South Aegean
2006/2007 (n:3) 20072008 (m:5) 2006/2007 (n:d) 20072008 (nd)
Fatty acids (%)
Cla:0 13.00 £ 017 13.87 £ 0.36 1264 £ 0.80 1262 &+ 0.40
Cl6:1 0.61 £ 002 0.70 £ 0,03 0.68 =+ (.06 067 £ 0L06
CI8:0 283 £ 010 282 £ 006 2.51 £ (.08 162 £ 008
Cl8:1 TLT9 £ 036 TLOB £ (.47 T542 £ 038 75.17 £ 075
Cl8:2 10,06 + 0:21 10,81 £ 017 TH8 £0.71 817 £ 024
Cl8:3 071 £ (02 0.68 £ (.05 077 £ 0,03 076 £ 006
SFA 15.84 £ 017 16.70 + 0.33 1515 £ 0.73 15.24 £ 047
MUFA T340 = 037 TLT9 £ (L4 T610 £ 0.38 7584 £ OT0
PUFA 10.77 = 020 11.49 £ 0.17 BT4 £ 0.72 892 £ 026
TAG (%}
LOO 9.90 £ 028 10,38 + 0.82 T2T £ 138 T.b £ 023
PLO 235 £ 013 292 £ 0.37 135 = 0.10 L73 £ 0,19
Q00 SEEE = 225 56,79 = 1.74 6554 £ 2.4 6411 = 1.64
FOO 24.02 = 048 26,00 = 1.10 2185 £ 252 3397 £ 127
FOP 0.98 £ 023 1.06 = 0,07 0.84 £ 0.19 091 £ 009
500 L70 £ 006 191 £ 0.50 160 £ 0.39 1.31 £ 032
sUuU 28.06 = 060 3082 £ 113 24.81 £ 270 27.00 £ 140
58U 0.98 £ 023 106 % 0,07 084 £ 0.19 091 £ 009
uuu GE.7E = 199 67.17 £ 1.3 TLEl £ 350 TL5T = 148
Tablo :Termal 6zellikler
Ayvalik Memecik
20062007 (n:3) 20072008 (n:5) 2006/2007 (n:4) 2007/2008 (m:4)
Tea (*C) -2230 £ 011 =225 045 -20.99 £0.78 =21.05% 047
Toge P°C) 6.31 £ 016 7.19 £ 0.49 658125 TAT £ 032
Tomgs (°C) 28.61 £ 023 2944 £ 071 27.58 £059 2852 + 0.41
AH (] i_'} .23 £ 084 51.11 £ 1.91 60.28 £ 638 5526+ 272



Ilyasoglu ve Ozcelik (2011)

Tablo : Pearson korelasyon katsayilari

Clé0 Clé:] Cl180 C18:1 Cl8:2 Cl8&:3 SFA MUFA FUFA
Tea —0.204 0.536 —0,883 0.740 —1). 864 0699 —0.393 0,757 —(858
Tear 0.781 0.751 —0.234 —.188 —0.137 0125 0L.645 —, 161 —.135
Trmge 0588 0.182 0601 —(.847 0,670 —0529 0.939 —.839 0666
AH —0.900 —(.286 —(L456 0.762 —1,541 0379 —0.924 0,750 —(.540

Chemical cl -

LOO PLO 000 POOD POP 500 MSTAG DSTAG TUTAG
Tou —0.933 —0.788 0.657 —0. 300 —0279 —L055 —(0.428 —0.279 0.392
Tarr —.263 0144 —0.267 0.696 0386 0L.me 0564 0386 —0.504
Trmge 0.620 0853 —(L841 0.599 0602 (LG8 0LE98 0602 —0.811
AH —0.394 — (0689 0.784 —0.917 —0.725 — 204 —0.905 —.725 0.556



i Chiavaro ve dig. (2008)

= Ticari zeytinyaglar
= Sizma zeytinyagi (EVOo)
= Zeytinyagi (Oo0)
= Rafine zeytinyagi (RO0)

Prina yagi (Po)

Rafine prina yagi (RPo)
= Kimyasal kompozisyon
= Termal Ozellikler




Chiavaro et al. (2008)

0.8 0.8

RPo
0.6 - 0.6'_

Po
04 - 0.4-

ROo
02 - ]

0.2 o0 w
0.0 - 0.01 EvOo
B
-0.2+ -0.21 A
24+ ]()4
-100 -80 -60 -40 -20 0 20 40 -100 -80 -60 -40 20 0 20 40
Exo up . Exo up
Temperature (°C) Temperature (°C)

Kristalizasyon grafigi Erime grafigi



Chiavaro et al. (2008)

Tablo : Yag asitleri ylizdesi

EvOo Oo ROo Po RFo
SFA 158 + 0.2 A 142 + 018 147 +05B 156 +0.2 A 138+ 02C
MUEA 76 L02A 76 B L04H 7611+ 05B 764 1+ 03B 7514+ 032C
PUFA 761+01C 914 01H 9.21L00B 96+01B 9EL01A

Tablo : Termal 6zellikler (kristalizasyon)

Sample AH(g™Y) Ton (-C) Togs (°C) Range® (C)
EvOo 65.8 £ 29BC -105 028 —454 L 02 A 349+04C
Oo 703+ 098 —12.21+01C —480+ 07 B 360+ 08C
ROo J7T9+23A —128+ 01D 485+ 058 356+05C
Po 639+ 19C —J6L03A 551+ 08D 475+ 10A
RPo 684 + D.3BC —10.7 £ 00B -S04 +01C 397+ 01B
Tablo : Termal 6zellikler (erime)
Sample AH (g} Ton (°C) Toss (°C) Range® (°C)
EvDo 671+ 35C —J6B2L0TA 122+ 02 A /0L 09CD
Oo 756+ 21B —271202A 112 L 00B 383+02D
ROo 834 £ 13A =320+ 02C 106 £+ 05C 427+ 03B
Po 635+ 18C —386+02D 105+ 02C 491+ 02 A
RPo 733+ 11B —JB9 L0288 104 £ 02C 393+02CD




DSC Tekniginin

Klasik Karakterizasyon Yontemlerine
i GOre Avantajlari

= Ornek hazirhgi basit
= COzgen kullaniimiyor
= Analiz sUresi kisa



i SONUC

= DSC kristalizasyon ve erime grafiklerinden;
« Zeytinyaginin cesit ve cografi orijine gore
tanimlanmasinda
» Hasat sezonlarina gore kimyasal
kompozisyonlarin farkliliklarin
degerlendiriimesinde yararlanilabilir



i SONUC

= Ornek sayis,
= Orneklerin alindigi cesit ve bdlge sayisi artirilarak,

= En az 3 hasat sezonu kapsayacak kapsamli
calismalar yapilmasi ile veri tabanlari olusturabilir

= Olusturulacak veri tabanlarindan karakterizasyon
calismalarinda yararlanilabilir



i KAYNAKLAR

Chiavaro E, Vittadini E, Rodriguez-Estrada, MT, Cerretani L, Bonoli M,
Bendini A, Lercker G (2007) Monovarietal extra virgin olive oils :
correlation between thermal properties and chemical composition. J
Agric Food Chem 55: 10779-10786.

Chiavaro E, Rodriguez-Estradab MT, Barnaba C, Vittadini E, Cerretani
L, Bendini, A (2008) Differential scanning calorimetry: A potential tool
for discrimination of olive oil commercial categories. Analytica Chimica
Acta 625: 215-226.

Chiavaro E, Rodriguez-Estradab MT, Bendini A, Cerratani, L (2010)
Correlation between thermal properties and chemical composition of
Italian virgin olive oils. Eur J Lip Sci Tech 112: 580-592.



i KAYNAKLAR

Ilyasoglu H, Ozcelik B (2011) Determination of seasonal changes in
olive oil by using differential scanning calorimetry heating termagrams.
J Am Oil Chem Soc 88: 907-913

Kotti F, Chiavaro E, Cerretani L, Barnaba C, Gargouri M, Bendini, A
(2009) Chemical and thermal characterization of Tunusian extra virgin
olive oil from Cheutoi and Chemlali cultivars and different geographical
origin. Eur Food Res Technol 228: 735-742.

Tan CP, Che Man, YB (2000) Differential scanning calorimetric analysis
of edible oils : comparision of thermal properties and chemical
composition. J Am Oil Chem Soc 77: 143-155.



