
 
 
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 
 

DEVELOPMENT AND APPLICATIONS OF 
DIFFERENTIAL SCANNING CALORIMETRIC 
METHODS FOR PHYSICAL AND CHEMICAL 

ANALYSIS OF PALM OIL 
 
 
 
 
 
 

TRI HARYATI 
 
 
 
 
 
 

FSMB 1999 10 
 
 
 



DEVELOPMENT AND APPLICATIONS OF 

DIFFERENTIAL SCANNING CALORIMETRIC 

METHODS FOR PHYSICAL AND CHEMICAL 

ANALYSIS OF PALM OIL 

TRIHARYATI 

DOCTOR OF PHILOSOPHY 

UNIVERSITI PUTRA MALAYSIA 

1999 



DEVELOPMENT AND APPLICATIONS OF DIFFERENTIAL 
SCANNING CALORIMETRIC METHODS FOR 

PHYSICAL AND CHEMICAL ANALYSIS 
OF PALM OIL 

By 

TRIHARYATI 

Dissertation Submitted in Fulfilment of the Requirements 
for the Degree of Doctor of PhHosophy in the 
Faculty of Food Science and Biotechnology 

Univeniti Putra Malaysia 

June 1999 



Dedicated to my beloved husband 
Lalang Buana, my daughters 

Rika, Ratna, Ririn and 
my father HM Salim 



ACKNOWLEDGEMENTS 

I wish to express my than ks and gratitude to the Chairman of my supervisory 

committ ee, Professor Dr. Yaakob B. Che Man for his patience, guidance, 

understanding, encouragement, and supervisions throughout the preparation of this 

thesis. I would also like to extend my appreciation and gratitude to members of my 

supervisory committee Professor Dr. Hasanah Mohd. Ghazali and Professor Dr. 

Jinap Selamat for their generous advises, punctuate comments and supports. 

I also wish to thanks all staffs of the Department of Food Technology and 

Department of Biotechnology, Faculty of Food Science and Biotechnology for their 

k ind assistance and co-operation. Special thank s are also ext ended to my lab mate 

Dr. Kamariah, Irwandi, Zainal, Ma'ruf, Gabby, Tan, Dr. Lai, Mariam, Hanan and 

Ummee for their delight ful friendship, and also to my Indonesian friends Dr. Sriani, 

Dr. Indah, ibu Ida, mbak Nunik , Mahrita, Masdiati, Ran i  and Yeni. 

Acknowledgement is also due to the Indonesian Oil Palm Research Instit ute 

(IOPRI) to which I am attached to, specifically to Dr. Kabul Pamin, the Director of 

the Institute, for granting me the opportunity to pursue my PhD studies and 

providing fi nancial supports, and for his encouragement, supports and understanding. 

My sincere appreciation and gratitude also go to Dr. Zulkamaen Poeloengan, the 

Deputy Director of the IOPRI, Ir. Adlin U. Lubis, the former Director of the IOPRI, 

111 



and also to all of my colleagues Dr. Purbojo Guritno, Damoko, Tjahjono Herawan, 

Supriyadi Sad� Eka, Angga, Donald and to the staffs of Oleo-food in the Institute. 

Lastly and most importantly , I w ould like to express my deepest appreciation 

to my beloved husband Lalang Buana, my daughters Rika, Ratna, Ririn and also to 

my father for their loves, patience, supports and sacrifices they have given. 

IV 



TABLE OF CONTENTS 

Page 

ACKNOWLEDGEMENTS.............. . ........................................ ......... iii 

LIST OF TABLES . .. ... ... ... ... ... ... ... ... ... ... ... ................. .. . . .. ... ... ...... viii 

LIST OF FIGURES ... ..... ................. '" ................................ ,. ........ xii 

LIST OF ABREVIA TIONS......................................................................... xvii 

ABSTRACT ........... , ................ ............... '" .......................... '" ...... xxi 
ABSTRAK ....................... ... ....... ,. '" '" ...... '" ............... '" ......... ...... xxiii 

CHAPTER 

I GENERAL INTRODUCTION....................... .................. . ....... 1 

IT LITERATURE REVlEW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '" . . .  . . .  6 
Oil Palm in General............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . .  6 

Origin and Distribution ........................ .... ....................... . 

Botany ........ ...... ...... ............ ..... ... .. ....... , ........ . ........... . . 

Product . .... . ........ .................... . .. . ... .. .... ................. ...... . 

Processing ....... ............ .......... .................... ........... ... . .  . 

Quality of Palm Oil. ..... . .......... .... . ......... ................... . .... . 

Chemical and Physical Properties of Palm Oil .............. . ................. . 

Chemical Properties of Palm Oil . .......... . .............. . ........ ..... . . 

Physical Properties of Palm Oil .. .. .... ....... . . ....................... ... . 

Standard Analysis of Palm Oil .. . . . . ............ . ............ . ........ . . ..... . . . ..... .. .. . . .. . 

Thermal Analysis ......... ................. .... ........................................ .. 
Principle of Differential Scanning Calorimetry (DSC) ........ ... .. .. .. 
Calibration .. . ........... . .... ........ ......... .. .... ...... ... . .. ........... .. . 

Factors Affecting DSC Thermal Profi le ............. .... .. ............. .. 
Applications of Differential Scanning Calorimetry ...................... ....... . 

Oils and Fats Characteri stics .......... ..... .............. ......... .... . .  . 

Refining and Fractionation Process of Palm Oil . ..... .. . ..... ...... .. ... . .. 

Palm Oil Modifi cation . .. .. .. ....... . . ....... .. . . .. ..... .. . ..... . . ... ........ . 

m COMPOSITION AND THERMAL PROFILE OF CRUDE 

6 
7 
8 
9 

16 
1 8  
18 
22 
26 
30 
3 1  
35  
37 
40 
44 
48 
49 

PALM OIL AND ITS PRODUCTS . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .  62 
Introduction ........... . ......................... ..... ......................... ..... 62 
Materials and Methods. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64 

Materials ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .. . . . . . . . . .  . . . . . . . . . . . . . .  64 
Methods ......... ....................... ......................................... 65 

Results and Discussion .. . . . . . . . . . . . . . . . . . . . . . . .. . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  66 
Chemical Properties...... ......................................................... 66 

v 



Page 

Thermal Profi les of Triglyceride (TG) Standards . . . . . . . . . . . .  . . . . . . . . . .  79 
Thermal Profi le of Palm Oil and Its Products . . .. . . . . .. . .... . .... . . . . . . . . . . .  93 

Summary . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 02 

IV MEASUREMENT OF PHYSICAL PROPERTIES OF PALM 
OIL BY DIFFERENTIAL SCANNING CALORIMETRy...... . . . . . .  104 
Introduction . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . .  1 04 
Materials and Methods . . .. .. . ........ . . .... . .. . . .  . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105 

Materials . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 05 
Analy tical Methods ........ . . ........ ...... . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  105 
Statistical Analysis .. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . .  1 07 

Results and Discussion . . . . . . . .. .. .... . .. .. . . . . . . . . . . . . . .. . .. . . . . . . . . . . ... .. . . . . . . . . . . . . . . . . . . . . . 1 08 
Determination of Melting Point (MP) of Palm Oil by DSC.. ......... . 1 08 
Determination of Cloud Point (CP) of Palm Oil by DSC.... . . . . .. . .... 123 

Summ ary . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '" . . . . . . ... . .  , '" . . . . . . . . .  '" . . .  . . . . . .  . . . . .  130 

V MEASUREMENT OF CHEMICAL PROPERTIES OF PALM 1 3 1  
OIL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Introduction . . . . . . . . . . .. .. . . . . . . ... . . . . . . . . . . . .. . .. . . . .. . . . . . . .. . . . . . . .. . .. . . . . . . . . . .  " 13 1 
Materials and Methods . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 34 

Materials. . . . . . .. . ... . . . . . . . . ... . . . . . .. . .. . . . . ... . . . . . . . . ... .. . . . . ... . . . . .... 1 34 
Methods . . . .. . . . . .. .. . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . . . . . .. . .. . .... . . . . . . . . .. . 134 

Results and Discussion .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 139 
Determination of Iodine Value (IV) of Palm Oil by DSC . . . . . . . . . . .  140 
Determination of IV of Palm Oil by HPLC . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . .  146 
Determination ofTrisaturated and Triunsaturated TG Using DSC 1 52 

Summary . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 69 

VI APPLICATION OF DSC MEmODS FOR MONITORING 
CHEMICAL TRANSESTERIFICA TION OF PALM OIL . . . . . . . . . . . . . .  1 72 
Introduction ' "  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 72 
Materials and Methods . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . .. .  176 

Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 76 
Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 76 

Results and Discussion ' " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  1 83 
Fatty Acid and TG Composition of Palm Oil .......... . . ... ... . ... ..... .. .. . 183 
Randomness Test of Fatty Acid Distribution in TG Molecule of 
Palm Oil.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 83 
Optimisation of Chemical Transesterifi cation of Palm Oil . . . . . . . . . . .. . 1 87 
Chemical Transesteri:fication Mon itoring of Palm Oil Using DSC . 200 

Summary . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 8  

VI 



Page 

vn SUMMARY, CONCLUSION AND RECOMMENDATIONS .. . . . . . .  221 

BffiLIOGRAPHY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .. . .. . . . . . . . . . . . . . . . .. . . .. . . .  228 

BIOGRAPIDCAL SKETCH .. ... .... . . .  . . .  . . . . . .  . . .  . . .  . . .  . . .  . . . .. .  . . .  . . . . . . . . . ... . . . .  248 

VII 



Table 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

I I  

12  

1 3  

14  

1 5a 

LIST OF TABLES 

PORAM Standard Specifications for Processed Palm Oil ....... . 

Fatty Acid Composition of Palm Oil ....................................... . 

Triglyceride Composition of Palm Oil B ased on Different 
Grouping ............................................................................. . 

Other Chemical Properties of Palm Oil.. .................................. . 

Physical Properties of Palm Oil ................................................ . 

Melting Point (MP) of Fatty Acids ........................................... . 

Materials Used for Calibrating ofDSC ................................... . 

MP of Some Triglycerides ...................................................... . 

Instrumentation and Running Conditions of Differential 
Scanning Calorimeter (DSC) for CPO Analysis ........................ . 

Fatty Acid Composition of CPO, RBD Palm Oil, RBD Palm 
Olein, RBD Palm Stearin, and Superolein ............................... . 

Glyceride Composition of CPO, RBD Palm Oil, RBD Palm 
Olein, RBD Palm Stearin, and Superolein ............................... . 

Peak Temperatures of Triglyceride (TG) Standards (OC) 
During Heating and Cooling on DSC Thermograms (Figures 
16  and 17) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Offset, Onset and Peak Temperatures of RBD Palm Oil at 
Different Heating and Cooling Rates ...................................... . 

Offset, Onset, Peak Temperatures and Energy of RBD Palm 

Oil at Different Holding Times ................................................. . 

Area, Heat Flow and Enthalpy of RBD Palm Oil at Different 
Sample Weight on DSC Heating Thermograms ....................... . 

Vlll 

Page 

17  

20 

2 1  

22 

23 

24 

36 

39 

67 

68 

71  

81  

86 

90 

92 



15 b Area, Heat Flow and Enthalpy of RBD Palm Oil at Different 93 
Sample Weight on DSC Cooling Thermograms .................. ..... . 

16 Peak Temperatures of CPO, RBD Palm Oil, RBD Palm Olein, 
RBD Palm Stearin, and Superolein ecy During Heating and 
Cooling on DSC Thermograms (Figures 20-24) ..... ...... ........ ... 101 

17 Variability Test of MP Standard Method and All Parameters 
on DSC Thermogram for Predicting MP of Palm Oil .. ..... . ....... I I I  

18 Regression Equations for Determining MP of Palm Oil . ...... .. . .. 115 

19 Mathematical Variability of Y of Predicted MP of Palm Oil . .... 116 

20 Goodness Test for Determining MP of Palm Oil...................... 116 

21 Comparison of MPs Determined by Standard AOCS and DSC 
Methods.. ................. .. .... . .... . .... ......................................... . .. ... 120 

22 Comparison of MPa Determined by Standard AOCS and DSC 
Methods ..... . . .. ................. ... ............. . ...... .. ....... . .. . . ... .... ............ 121 

23 Comparison of MPe Determined by Standard AOCS and DSC 
Methods . . . ...... . ...... .......... ......... . ......... ............. ....... ....... . .. . . . .. .. 122 

24 Variability Test of Cloud Point (CP) Standard Method and All 
Parameters on DSC Thermogram for Predicting CP of Palm 125 
Oil ........ ............ . 

25 Comparison of CP Determined by Standard AOCS and DSC 
Methods...... .. ..... . ... . .......... . ........ ... ........ .................................. 129 

26 Variability Test of Iodine Value (IV) Standard Method and All 
Parameters on DSC Thermogram. ....... ...... . ........... . .. .. ............. 142 

27 Comparison of IV Determined by Standard AOCS and DSC 
Methods ............ ...... ......................................... ............... .... . ... 145 

28 Correlation Among Disaturated, Trisaturated and 
Triunsaturated TG ............. .... ..... . .............................. ... .......... 148 

29 Correlation Among Variables of Double Bond Numbers .......... 149 

lX 



30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

Comparison of IV Determined by Standard AOCS and HPLC 
Methods ................................................................................. . 

Correlation Between Actual TG Concentration and Their Heat 
Flow or Peak Area ................................................................. . 

Injected PPP, 000, Peak Area and Their Correlation ............ . 

Predicted Values of PPP TG (%) Determined by DSC 
Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Predicted Values of 000 TG (%) Determined by DSC 
Method .......................................................................... . 

illustration of Fatty Acid Composition ........ ............................ . 

Coded Treatment of Trans esterification ofRBD Palm Oil ....... . 

Central Composite Design for Three Variables ....................... . 

Fatty Acid Composition in Palm Oil . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

The Expected of TG Assuming Random Attachment, 
Observed Proportion and Deviation of the Expected from the 
Observed ............................................................................... . 

Expected, Observed and Deviation of the TG (%) .................. . 

TG Composition of RBD Palm Oil and Transesterified Product 

FF A, TG Content, TG Yield and Degree of Transesterification 
ofRBD Palm Oil 

Regression Coefficients Their Associated p Value, R2 and p 
Value of the HPLC Model ............................ ......................... . 

TG Composition of RBD Palm Oil, Transesterified RBD Palm 
Oil, Theoretical Random Distribution and Ideally Pooled into 
Trisaturated and Triunsaturated (%) ...................................... . .  

Trisaturated and Triunsaturated T G  Contents of 
Transesterified RBD Palm Oil as Determined by HPLC and 
DSC Methods ........................................................................ . 

x 

15 1 

16 2 

16 3 

16 4 

16 9 

17 7 

17 8 

17 9 

18 4 

185 

18 6 

18 8 

190 

192 

197 

209 



46 Regression Coefficients Their Associated p Value, � and p 
Value of the DSC Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 213 

47 Transesterification Condition to Reach the Optimum Values of 
Trisaturated and Triunsaturated TG ........................................ . 216 

48 MP eC) and IV of Transesterified RBD Palm Oil as 
Determined by DSC Method ................................ . 217 

Xl 



Figure 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

LIST OF FIGURES 

Cross-section of oil-palm fruit ................................................ . 

Flow diagram of refining and fractionation process ................. . 

Variation in melting temperature of triglycerides as a function 
of carbon and unsaturation ...................................................... . 

S chematic phase diagram illustrating the effect of 
crystallisation/tempering temperature on the observed melting 
point . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

S chematic of a heat flux DSC cell ........................................... . 

S chematic of design of power compensation DSC. .................. . 

Mechanism of interesterification process ................................. . 

Fatty acid profile of (a) crude palm oil, (b) refined bleached 
deodorized (RBD) palm oil (M = myristic, P = palmitic, 
S = stearic, ° = oleic, L = linoleic) .......................................... . 

Fatty acid profile of (a) RBD palm olein (b) RBD palm stearin 
(c) super olein (M, P, S,  0, L refer to Figure 8) ...................... . 

HPLC chromatogram of (a) standard TGs (b) Swe (1994) (c) 
Wong (1991) . ......................................................................... . 

HPLC chromatogram of crude palm oil (M, P, L, 0, S refer to 
Figure 8) ................................................................................. . 

HPLC chromatogram of RBD palm oil (M, P, L, 0, S refer to 
Figure 8) . .. . . . . . . . . . . . . . . . .. . . . . .. .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .  . 

BPLC chromatogram of RBD palm olein (M, P, L, 0, S refer 
to Figure 8) . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

HPLC chromatogram of palm stearin (M, P, L, 0, S refer to 

Figure 8) ................................................................................. . 

HPLC chromatogram of super olein (M, P, L, 0, S refer to 

Figure 8) ................................................................................. . 

xu 

Page 

7 

12 

25 

26 

32 

33 

54 

69 

70 

73 

74 

75 

76 

77 

78 



16 

17 

18a 

18b 

19a 

19b 

20 

21 

22 

23 

24 

25 

26a 

26b 

26c 

27a 

DSC Heating thermograms of triglyceride standards a = PPP, 
b = MMP c = �.o..o.K d = OPP e = pas f = S OS g = OOP , �Yli.Y.u.y...., , , , , 
h = 000 (M, P, L, 0, S refer to Figure 8) .............................. . 

DSC Cooling thermograms of triglyceride standards (a, b, c, d, 
e, f, g, h refer to Figure 16, M, P, L, 0, S refer to Figure 8) ..... 

DSC heating thermograms of RBD palm oil with different 
rates, 1 a - 8a are number of the peaks .................................... . .  

DSC cooling thermograms of RBDpalm oil with different rates, 
1 b - 8b are number of the peaks ............................................. . .  

DSC heating thermograms of RBD palm oil at different holding 
times, 1 - 2 are peaks in High-T group and 3 - 7 are peaks in 
Low-T group ........................................................................ . 

DSC cooling thermograms of RBD palm oil at different holding 
times, 1 is peak in High-T group and 2 - 3 are peaks in Low-T 
group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

DSC Heating and cooling thermograms of crude palm oil 
(CPO), 1 - 3 are peaks in Low-T group ................................. . .  

DSC Heating and cooling thermograms of(RBD) palm oil ...... . 

DSC Heating and cooling thermograms of RBD palm olein, 
1 - 3 are peaks in Low-T group .............................................. . 

DSC Heating and cooling thermograms of RBD palm stearin, 
1 is peak in Low-T group ..................................................... . .  

DSC Heating and cooling thermograms of super olein, 1 - 3 are 
peaks in Low-T group ............................................................ . 

DSC heating thermograms of palm oil samples showed with 
different melting point (a = 55°C, b = 48°C, c = 22°C, and d = 

15°C) ...... .............................................................................. . 

Regression curve of MPs and offset in DSC heating 
thermogram ............................................................................ . 

Regression curve of MPe and offset in DSC heating 
thermogram ............................................................................ . 

Regression curve of MPa and offset in DSC heating 
thermogram ............................................................................ . 

Adjustment curve ofMPs ....................................................... . 

Xlll 

80 

82 

84 

85 

88 

89 

94 

95 

96 

97 

98 

110 

112 

113 

114 

117 



27b 

27c 

28 

29 

30 

31 

32 

33 

34 

35 

3 6a 

3 6b 

37a 

37b 

38 

39a 

3 9b 

Adjustment curve ofMpe ...................................................... ' "  

Adjustment curve ofMpa ........................................................ . 

DSC cooling thennograms of palm oil samples with different 
cloud point (a = 9°C, b = 8°C, c = 6°C, d = SoC, and e = 4°C) 

Regression curve of CP and onset in DSC cooling thennogram 

Adjustment curve of CP . . . . . . ... . . . .. . . . . . . . . . . . . .. . . . . ... . .. . . . .. .. . ... . . . . . . . .  . 

DSC cooling thennograms of palm oil samples with different 
iodine value (a = 60 °C, b = 56 °C, c = 50 °C, d = 30 °C) .......... . 

Adjustment curve of IV . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . ... . . . . . . . . .. . . . . .... . 

HPLC chromatogram ofa palm oil sample (M, P, L, 0, S refer 
to Figure 8) ...................................... . . . .. .. . . . . . . . . . . . . ... . . . . . . . . . . . . . . .  . 

DSC heating thennograms of a) tripalmitin (PPP) TG and b) 
triolein (000) TG standards .................................................. . 

DSC cooling thennograms of a) tripalmitin (PPP) TG and b) 
triolein (000) TG standards .................................................. . 

DSC heating thennograms of superolein added with PPP TG 
standard of 1) 1.57%, 2) 2.65%, 3)  6.14%, 4) 10.52%, and 
5) 11.68% ............................................................................ . 

DSC heating thennogramS of superolein added with PPP TG 
standard of6) 12.50%, 7) 18.42% .......................................... . 

DSC cooling thennograms of superolein are added with PPP 
TG standard of 1) 1.57%, 2) 2.65%, 3)  6.14%, 4) 10.52%, and 
5) 11.68% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

DSC cooling thennograms of superolein added with PPP TG 
standard of6) 12.50%, 7) 18.42% ......................................... . .  

Histogram of % PPP TG standard that added in superolein, 
a) Heat flow of the peak (mW) in heating thennogram (HFh) 
and cooling thennogram (HFc), b) Peak area (rnJ) in heating 
thennogram (Ab) and in cooling thennogram (Ac) .................. . 

DSC heating thennograms of RBD palm stearin added with 
000 TG standard of 1) 3.546%, 2) 4.959%, 3) 6.299%, 4) 
7.407%, and 5) 9.790% ......................................................... . 

DSC heating thennograms of RBD palm stearin added with 
000 TG standard of6) 14.851%, 7) 16.667% ...................... . .  

XlV 

118 

119 

124 

126 

128 

140 

144 

147 

153 

154 

155 

156 

157 

158 

159 

160 

161 



40a 

40b 

41 

42 

43 

44 

45 

46a 

46b 

47a 

DSC heating thennograms of RBD palm stearin added with 
000 TG standard of 1) 3.546%, 2) 4.959%, 3) 6.299%, 
4) 7.407%, and 5) 9.790% ...................................................... . 

DSC cooling thermograms of RBD palm stearin added with 
000 TG standard of 6) 14.851%, 7) 16.667% ....................... . 

Histogram of % 000 TG standard that added in RBD palm 
stearin, a) Heat flow of the peak (mW) in heating thermogram 
(HFh) and cooling thermogram (HF c), b) Peak area (mJ) in 
heating thermogram (Ah) and in cooling thennogram (Ac) ...... . 

HPLC chromatograms of samples a) before chemical 
transesterification, and b) after chemical transesterification (M, 
P, L, 0, S refer to Figure 8) ............................................. . 

Contour plots on the effect of temperature and reaction time on 
triglyceride (TG) content at critical value of catalyst (for a,b,c, 
and e = 0.35%, d = 0.4%) ...................................................... .. 

Contour plots on the effect of temperature and catalyst 
concentration on triglyceride (TG) content calculated by HPLC 
at critical value of reaction time (for a = 300 min, b and 
c = 380 min, d = 240 min, and e = 40 min) ............................ .. 

Contour plots on the effect of catalyst concentration and 
reaction time on triglyceride (TG) content calculated by HPLC 
at critical value of reaction temperature (for a,b,c = 80°C, 
d = 120°C, e = 50°C) ............................................................. .. 

DSC heating thermograms of RBD palm oil (ctrl) and 
transesteri:fied products with the treatments of 1) catalyst 
0.18% at 58°C for 121 min, 2) catalyst of 0.42% at 58°C for 
121 min, 3) catalyst of 0.18% at 58°C for 389 min, 5) catalyst 
of 0.18% at 89°C for 389 min .................................................. . 

DSC cooling thennograms of RBD palm oil (ctrl) and 
transesterified products with the treatments of 1) catalyst 
0.18% at 58°C for 121 min, 2) catalyst of 0.42% at 58°C for 
121 min, 3) catalyst of 0.18% at 58°C for 389min, 5) catalyst 
of 0.18% at 83°C for 389 min ................................................ . 

DSC heating thermograms of RBD palm oil (ctrl) and 
transesterified products with treatments of 9) catalyst 0.10% 
at 71°C for 255 min, 10) catalyst of 0.50010 at 71°C for 255 min, 
11) catalyst of 0.30% at 71°C for 30 min, 13) catalyst of 0.30% 
at 50°C for 255 min . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 

xv 

165 

166 

167 

189 

193 

194 

195 

201 

202 

203 



47b DSC cooling thennograms of RBD palm oil (ctrl) and 
transesterified products with treatments of 9) catalyst 0.10% 
at 71°C for 255 min, 10) catalyst of 0.50% at 71°C for 255 min, 
11) catalyst of 0.30% at 71°C for 30 min, 13) catalyst of 0.30% 
at 50°C for 255 min ....................... ........................................... 204 

48a DSC heating thermograms of RBD palm oil (ctrl) and 
transesterified products with treatments of 4) catalyst 0.42% at 
58°C for 389 min, 6) catalyst of 0.42% at 83°C for 121 min, 
8) catalyst of 0.42% at 83°C for 389 min, 12) catalyst of 0.30% 
at 71°C for 480 min, 14) catalyst of 0.30% at 92°C for 255 min 205 

48b DSC cooling thermograms of RBD palm oil (ctrl) and 
transesterified products with treatments of 4) catalyst 0.42% at 
58°C for 389 min, 6) catalyst of 0.42% at 83°C for 121 min, 
8) catalyst of 0.42% at 83°C for 389 min, 12) catalyst of 0.300/0 
at 71°C for 480 min ................................................................. 206 

49a DSC heating thermograms of transesterified RBD palm oil with 
the treatments of 15 to 20 using catalyst of 0.30% at 71°C for 
255 min, a - d are peaks ......................... ............. .................... 207 

49b DSC cooling thermograms of transesterified RBD palm oil with 
the treatments of 15 to 20 using catalyst of 0.30% at 71°C for 
255 min, a - d are peaks ........................................................... 208 

50 Contour plots of  trisaturated TG calculated by DSC on the 
effect of temperature and reaction time at catalyst 
concentration of 0.35% (a), temperature and catalyst 
concentration at 300 min (b), and catalyst concentration and 
reaction time at 80°C ( c) .......................................................... 214 

51 Contour plots of triunsaturated TG calculated by DSC on the 
effect of temperature and reaction time at catalyst 
concentration of 0.400/0 (a), of temperature and catalyst 
concentration at 490 min (b), and catalyst concentration and 
reaction time at 70°C (c) .......................................................... 215 

XVI 



LIST OF ABBREVIATIONS 

A area 

AOCS American Oil Chemists' Society 

BSI British Standards Institute 

C8 caprylic acid 

C9 pelargonic acid 

CIO capric acid 

Cl 3 tridecanoic acid 

C14 myristic acid 

Cl6 palmitic acid 

Cl8 stearic acid 

C18-1 oleic acid 

C18-2 linoleic acid 

CP cloud point 

CPO crude palm oil 

CV coefficient of variance 

DG diglyceride 

DSC differential scanning calorimetry 

FAD fatty acid distillate 

FFA free fatty acid 

FTIR Fourier transfonn infrared 

g gram 

XVll 



GLC 

HF 

HMG 

HPLC 

IUPAC 

IV 

L 

LMG 

M 

m 

mg 

mm 

mL 

nun 

MMM 

MP 

MPL 

MPOPC 

MSE 

mW 

NIR 

NMR 

gas liquid chromatography 

heat flow 

high melting glyceride 

high performance liquid chromatography 

International Union of Pure and Applied Chemistry 

iodine value 

linoleic acid 

low melting glyceride 

myristic acid 

metre 

milligram 

minute 

millilitre 

millimetre 

trimyristoyl glycerol 

melting point 

myristoyl-palmitoyl-Iinoleoyl glycerol 

Malaysian Palm Oil Promotion Council 

mean square error 

milliwatt 

near infrared 

nuclear magnetic resonance 

xviii 



0 oleic acid 

°c degree celcius 

000 trioleoyl glycerol 

OPO dioleoyl- 2-paImitoyl glycerol 

OPP dipaImitoyl-l -oleoyl glycerol 

OPS oleoyl-palrnitoyl-stearoyl glycerol 

OSP oleoyl-stearoyl-paImitoyl glycerol 

OSS distearoyl-l-oleoyl glycerol 

P palmitic acid 

PEP dipaImitoyl- 2-elaidioyl glycerol 

PLO palmitoyl-linoleoyl-oleoyl glycerol 

POO dioleoyl- l -palmitoyl glycerol 

POP dipalmitoyl-2-oleoyl glycerol 

PORAM Palm Oil Refiners Association of Malaysia 

PORIM Palm Oil Research Institute of Malaysia 

POS palmitoyl-oleoyl-stearoyl glycerol 

PPL dipalrnitoyl-3-linoleoyl glycerol 

PPM dipalrnitoyl-3-myristoyl glycerol 

PPO dipalmitoyl-3 -oleoyl glycerol 

p.pp tripalrnitoyl glycerol 

PPS dipalmitoyl-3-stearoyl glycerol 

PSO palmitoyl-stearoyl-oleoyl glycerol 

XIX 



PSP dipalmitoyl-2-stearoyl glycerol 

PSS distearoyl-l-palmitoyl glycerol 

RBD refined, bleached and deodorised 

RI refractive index 

RSM response surface methodology 

S stearic acid 

S3 trisaturated 

SAS statistical analysis system 

SES distearoyl-2-elaidioyl glycerol 

SFC solid fat content 

SF! solid fat index 

SOS distearoyl-2-oleoyl glycerol 

SPO stearoyl-palmitoyl-oleoyl glycerol 

SPS distearoyl-2-palmitoyl glycerol 

SSO distearoyl-3-oleoyl glycerol 

SSS tristearoyl glycerol 

TG triglyceride 

U3 triunsaturated 

uL rnicrolitre 

w/w weight/weight 

xx 



Abstract of dissertation presented to the Senate ofUniversiti Putra Malaysia in 
fulfilment of the requirements for the degree of Doctor of Philosophy 

DEVELOPMENT AND APPLICATIONS OF DIFFERENTIAL SCANNING 
CALORIMETRIC METHODS FOR PHYSICAL AND 

CHEMICAL ANALYSIS OF PALM OIL 

By 

TRI HARYATI 

June 1999 

Chairman Professor Yaakob B. Che Man, Ph. D. 

Faculty Food Science and Biotechnology 

Fractionation is accomplished by exploiting different crystallisation point of 

triglyceride (TG). This theoretical basis exposes the importance of thermal behaviour 

of the palm oil on the success of the fractionation process as well as the use of 

differential scanning calorimeter (DSC) for analysing some palm oil parameters. In 

this study, new methods to determine melting point (MP), cloud point (CP), iodine 

value (IV), and the composition of TG groups of palm oil were developed. The 

methods were then applied for monitoring chemical transesterification. 

The appropriate running conditions of DSC for analysing palm oil were 

heating and cooling rate of 5°C/min, holding time of 5 minutes and sample weight of 

, 

2.3 - 18.4 mg. Regression models to calculate MP, CP, and IV of standard methods 
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were developed. For MP, the offset temperature from the heating thermogram was 

used to develop the model, while for CP and IV, the models used onset temperature 

and energy, respectively, from cooling thermogram. Using similar theoretical 

background as in IV, models to calculate trisaturated and triunsaturated TG 

concentration were developed. Regression models were developed to calculate 

trisaturated TG using energy in cooling thermogram and triunsaturated TG using 

energy either in cooling or heating thermograms. The study have shown that all DSC 

methods developed were more consistent than the standard AOCS methods. 

Redistribution of the fatty acids was achieved through chemical 

transesterification. Using response surface methodology, trisaturated TG obtained 

from high performance liquid chromatography (HPLC) increased 2.1 times and 

triunsaturated TG increased 1.88 times from the original. Using DSC, the increase 

was 2.14 times for trisaturated and 1.9 2  times for triunsaturated. 

Overall, this study have shown that DSC can be used to determine MP, CP, 

IV and TG group composition. The advantages of these methods are that they are 

rapid and convenience than the conventional methods and without using toxic 

chemicals and, therefore, more useful for process control, non-hazardous to the 

health of the analyst and environmentally friendly. Furthermore, DSC provides 

thermal profile which is an important reference for fractionation process. The most 

important advantage is that all of these parameters can be determined using only a 

single heating or cooling thermogram. 
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Pemeringkatan minyak sawit dilaksanakan berdasarkan perbezaan takat kristal 

trigliserida (TG). Asas teori ini memperlihatkan kepentingan ciri-ciri terma dalam 

kejayaan proses pemeringkatan dan penggunaan peralatan differential scanning 

calorimeter (DSC) untuk menganalisa parameter kualiti minyak sawit. Dalam kajian 

ini, kaedah bam untuk menentukan takat lebur (MP), takat awan (CP), nilai iodin 

(IV) dan komposisi kumpulan TG dalam minyak sawit telah dibina. Selanjutnya, 

kaedah barn ini telah diterapkan dalam pengawasan transesterifikasi. 

Keadaan operasi yang sesuai bagi DSC untuk minyak sawit adalah dengan 

kadar pemanasan dan penyejukan pada SOC/min, masa penahanan selama 5 min dan 

berat sampeI 2.3-18.4 mg. Model regresi untuk mengira MP, CP dan IV kaedah 
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