
1481 

T e c h n i c a l  . . . . . . . .  ..... 

Application of Infrared Spectroscopy in the Study 
of Polymorphism of Hydrogenated Canola Oil 
AZZA NAGUIB MOSTAFA and J.M. DEMAN, Department of Food Science, University 
of Guelph, Guelph, Ont. N1G 2W1, Canada 

ABSTRACT 

Low temperature infrared spectroscopy was used to study the poly- 
morphic transformations occurring in hydrogenated Canola oil. 
Hydrogenation of the oil was carried out under selective and non- 
selective conditions to an iodine value (IV) of 70 and 60, respectively. 
The four samples studied differed in  their fatty acid composition, 
melting points and trans fatty acid content. For the first part of the 
study, the samples were cooled rapidly using liquid nitrogen to 
-100 C. All the samples initially crystallized in the a-form and 
further transformation to the if-form was detected only in some 
samples. In the second part of the study, the melted samples were 
crystallized at 10 C. The resulting spectra showed either a pure 3'- 
form or a mixture of 3' and t-forms. 

INTRODUCTION 

Several techniques have been used to study polymorphic 
transformations occurring in triglycerides, fats and fat 
products. Most common among these are X-ray analysis, 
differential scanning calorimetry, microscopy and infrared 
spectroscopy (1-7). Infrared spectroscopy has been used 
successfully by several researchers (8,9) to classify and study 
the three main polymorphic forms of triglycerides, namely 
a, /3' and 3. It has been demonstrated that a doublet ob- 
served in the 720 cm -1 region of the infrared spectrum of 
triglycerides is related to the orthorhombic packing (/3'- 
form) of the hydrocarbon chains, and a single band in the 
same region is indicative of the hexagonal (a-form) or tri- 
clinic (H-form) chain packing. This band is associated with 
the CH2 rocking vibration of the molecules. The splitting 
of the band in this region of crystalline forms of molecules 
containing long hydrocarbon chains (CH2)n-CH3 where 
n> 3, is attributed to interaction between neighboring chains 
in the orthorhombic sub-cell arrangement (10,11). From 
a practical standpoint, the different polymorphic forms in 
a fat affect the texture and hence the quality and accept- 
ability of the final product. 

This work is part of a broader study carried out on 
hydrogenated Canola oil (12) to determine the polymorphic 
transitions and the effect of hydrogenation conditions on 
their relative stability. 

MATERIALS AND METHODS 

Canola oil used in this study was commercially refined and 
obtained from CSP Food Ltd., Altona, Manitoba. Standard 
AOCS catalyst was used at a level of 0.2% by weight of oil. 
Hydrogenation was carried out in a Parr pressure hydrogen- 
ator, first under selective (200 C; 48 kPa hydrogen pressure) 
and then under nonselective (160 C; 303 kPa hydrogen 
pressure) conditions to produce Canola oil samples of IV 70 
and 60. The samples were filtered while still warm and stored 
at 5 C in tightly capped containers. Physical properties of 
the samples, including dropping points, solid fat content, 
fatty acid composition and t r a n s  isomer content, have been 
reported in a previous publication (12). A Beckman model 
4230 infrared spectrophotometer was used to record the 
spectra. A variable temperature unit  (Beckman VLT-2) con- 
taining a cell fitted with silver chloride windows was used 

to hold the samples during scanning. A beam attenuator 
was placed in the reference beam. The spectra were run 
over the wavenumber range 1000-600 cm -1. 

For the first part of this stud),, the samples were pre- 
pared as follows: A drop of the melted fat was placed 
between the silver chloride windows of the cell. Teflon 
spacers of 0.025 mm thickness were used to ensure constant 
thickness of the sample. Immediately after mounting, the 
cell was chilled using liquid nitrogen and the unit  was 
evacuated. The temperature was lowered to -100 C and 
maintained there for the duration of the scanning. The cell 
was then warmed carefully to allow the c~-form to change to 
the fl'-form. The sample was then cooled again to -100 C, 
and the spectrum was run. To obtain the/3-form, the sample 
was warmed and left at room temperature for 24-48 hr; it 
was then scanned at -100C. For the second part of the 
study, a drop of the melted fat was placed between the win- 
dows of the disassembled cell which was then kept in a 
dessicator at 10 C. Aluminum foil was used to cover the des- 
sicator and protect the silver chloride windows from light 
danmge. After 24 hr, the samples were scanned in the var- 
iable temperature chamber at -100 C. 

RESULTS AND DISCUSSION 

In the first part of the study, quenching the melted sample 
to -100 C resulted in spectra characteristic of a-form for all 
samples. This is represented in Figure 1A showing a single 
band at 720 cm -I ,  which is attributed to the CH2 main 
rocking mode of hexagonally packed chains (3). The sample 
was then warmed up in the cell, to allow the transition of 
the a to the f - form.  The scans obtained after lowering the 
temperature to -100 C were as follows: The sample selec- 
tively hydrogenated to IV 70 had a spectrum showing a 
doublet at 720 and 730 cm -1 (Fig. 1B), indicating ortho- 
rhombic chain packing (3'-form). The samples selectively 
hydrogenated to IV 60 and nonselectively hydrogenated to 
IV 70 had spectra characteristic of a mixture of 3' and 3- 
forms with two sharp bands of unequal intensity at 718 and 
728 cm -1 (Fig. 1C). The spectrum of the sample nonselec- 
tively hydrogenated to IV 60 was that of a pure 3-form 
(Fig. 1D) with a sharp band at 720 cm -1 , indicative of the 
triclinic packing. There was also a strong band at 890 cm -1 
which has been observed by other researchers (9) for tri- 
glycerides in the 3-form. This band was associated with 
a methyl rocking vibration. 

The results of the second part of the study are summar- 
ized in Table I. The sample selectively hydrogenated to 
IV 7.0 crystallized in the 3-form. The three other samples 
crystallized in a mixture of 3' and 3-forms evidenced by two 
bands of unequal intensities at 718 and 728 cm -1 . The sam- 
ple that was selectively hydrogenated to IV 70 was found 
to be the only one that readily undergoes the transition 
from a to a pure 3'-form. The stability of the 3'-form of this 
sample had been confirmed by X-ray diffraction in earlier 
work (12). The results obtained indicate that the order of 
decreasing stability coincides with the order of decreasing 
t r a n s  fatty acids. Inherent differences in fats, namely degree 
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FIG. 1.A. Infrared scan ranging f rom 1000-600 cm-  t representing c~form of hydrogenated  Canola oil. B. Infrared 
scan ranging from 1000-600 cm -~ representing fl'-form of  hydrogenated  Canola oil. C. Infrared scan ranging from 
1000-600 cm -1 representing a mix ture  of  ~ + ~ forms of hydrogenated Canola oil. D. Infrared scan ranging 
from 1000-600 cm-  t representing B-form of  hydrogenated  Canola oil. 

TABLE I 

Polymorphic F o r m s  Present  after Holding Samples at 10 C 

Sample CH 2 main rocking mode  Polymorphic form Trans fa t ty  acid (%)a 

Selective IV 70 720 cm -1 ; 730 cm -1 9' 51.5 
(equal intensity)  

Selective IV 60 718 cm -] ; 728 cm -1 /3' + ~ 44.0 
(unequal intensi ty)  

Nonselective IV 70 718 cm -1 ; 728 cm -] /3' +/~ 38.5 
(unequal  intensi ty)  

Nonselective IV 60 718 cm -~ ; 728 cm -a /~' +/3 32.6 
(unequal  intensity) 

aReproduced from Reference 12. 

of unsaturation and levels of  t r a n s  fatty acids, can influence 
the stability of their various polymorphic forms and hence 
the texture of  their final products. 

An important observation made during this study was 
that, regardless of the temperature at which the transition 
from one polymorphic form to another occurs, the spectra 
have to be run at -100 C to obtain clear scans. In the case of 
fats, which are a complex mixture of several triglycerides, 
the identification of the different polymorphic forms can 
be misleading if the scans are run at the temperature of  the 
transition. A possible explanation is that only at very low 
temperature are molecular rotations at a minimum allowing 
maximum interaction between neighboring molecules in 
each sub-cell. This interaction is the reason for either obtain- 
ing a singlet or doublets in the CH2 rocking mode region of 
the infrared spectrum. 

Low temperature infrared spectroscopy has proven to be 
useful in studying polymorphism of hydrogenated Canola 
oil and is complimentary to X-ray diffraction analysis. 
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