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Measurement of the Size Distribution of Fat Crystals 
Using a Laser Particle Counter 
P. Chawla  and J.M. deMan*  
Department of Food Science, University of Guelph, Guelph, Ontario, Canada NIG 2WI 

A new method that uses a laser particle counter has 
been developed to measure the size of fat crystals. The 
fat crystals were suspended in isobutanol in the ratio 
of 1:25,000. The solid and liquid fat recovery after 
being in contact with isobutanol for 24 hr, fatty acid 
composition of the solid and liquid fractions, DSC melt- 
ing behavior and polarized light microscopy proved 
that isobutanol did not affect the structural integrity 
of the fat crystals. The mean crystal size of commer- 
cial shortenings ranged from 5 to 9 pro. The isobutanol 
suspension method makes it possible to quantitatively 
separate the solid and liquid components of a fat. It  
also provides a convenient way of preparing fat crys- 
tals for scanning electron microscopy. 

Plastic fats consist of a three-dimensional network struc- 
ture of crystals in which liquid oil is trapped. The 
plasticity of a fat is determined by the shape, average 
size and size distribution of the crystals. Factors af- 
fecting the consistency of plastic fats include the con- 
tent of solid material, crystal size, mechanical treat- 
ment, thermal history and polymorphism (1). The func- 
tional properties of fats in different foods are determined 
mainly by the dispersion of the fat, the balance be- 
tween solid and liquid phase, the crystal structure and 
by polymorphic transitions occurring during the manu- 
facture and storage of these products (2). 

A major factor influencing the rheological proper- 
ties of the fat crystal network is crystal size. The 
softness and grainy consistency of slowly chilled fats 
are well-known, and lard, which has a coarse crystal 
structure, is softer at a given solids content than fine- 
grained fats such as vegetable shortenings (3). How- 
ever, until now, data on crystal size distribution of fats 
had been difficult to obtain because suitable methods 
were lacking. 

Polarized light microscopy was the first method 
to give information on the crystal size, but size distri- 
bution analysis is time-consuming and inaccurate (4). 
Since the analysis of crystal particles requires obser- 
vation between crossed polars in polarized light, this 
method is not suitable for size distribution measure- 
ments. Permeametry was a method developed by de 
Jager e t  al. {5) in which the specific surface area of the 
particles was measured. The method was not very suc- 
cessful and as a result did not find a wide application. 
Recently, light or X-ray scattering and sedimentation 
methods coupled with computer analysis have provided 
new and improved techniques for measuring particle 
size distribution. 

The main problem to overcome in the use of light 
scattering is dilution of the sample to reduce the num- 
ber of particles in a given volume to a level where 
measurement becomes possible. A recent paper {6) on 
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crystallization kinetics of palm oil reported the use of 
the Malvern laser light scattering instrument. How- 
ever, dilution with palm oil as reported is not a satis- 
factory method. Palm oil is highly viscous and might 
itself give rise to crystals. 

In this paper we report on a new method of prepa- 
ration of dilute fat crystal dispersions and the meas- 
urement of particle size distribution with a laser light 
scattering instrument. 

MATERIALS AND METHODS 

Shortenings were obtained from the local supermar- 
ket. They were all of vegetable origin. Reagent grade 
solvents were supplied by Fisher Scientific Co., Toronto, 
Ontario. A Bruker minispec PC/20 series NMR ana- 
lyzer was used to determine solid fat content (7). Fat ty  
acid composition was determined by GLC of the fatty 
acid methyl esters. Fats were transesterified with so- 
dium methoxide, and the methyl esters were analyzed 
by GLC on a 2 m column packed with 10% SP 2330 (7). 

The liquid oil of the shortenings was obtained by 
placing Whatman #1 chromatography paper strips into 
the shortenings and allowing the oil to rise. The liquid 
oil was then extracted from the filter paper with hex- 
ane and analyzed for fat ty acid composition by GLC. 

The melting point of the shortenings was deter- 
mined with a model 99 duPont Thermal Analyzer. The 
samples were heated from 25~ to 80~ at a rate of 
5 ~ C/rain. 

Crystal structure of the shortenings was viewed 
by polarized light microscopy using an Olympus model 
BH polarizing microscope with PM-6 camera attach- 
ment. Photo-micrographs were taken at 400 X magni- 
fication. 

The effect of isobutanol on the structural integrity 
of the fat crystals was established as follows. The 
shortenings were suspended in isobutanol in the ratio 
of 1:50 using a glass stirring rod to obtain a uniform 
suspension. The fat + isobutanol mixture was allowed 
to stand for 24 hr at 10~ It was observed that this 
mixture separated in 2 layers--an upper layer of isobu- 
tanol and liquid oil, and a lower layer of solid fat crys- 
tals suspended in the isobutanol-liquid oil mixture. 

Some of the clear upper layer was withdrawn with 
a pipet, and the liquid oil was obtained by evaporation 
of the isobutanot using a rotary evaporator. From the 
lower phase, the crystals were separated by vacuum 
filtration. The fat crystals were then dissolved in hex- 
ane; the hexane evaporated using the rotary evapora- 
tor to obtain the solid fat. 

The amount of solid and liquid phase recovered 
after being in contact with the isobutanol for 24 hr was 
determined. The solid content of the original fat at 
10~ was determined by pNMR. Recovery of solid or 
liquid phase was expressed as: amount recovered after 
contact with isobutanol for 24 hr/amount present in 
original sample as determined by pNMR • 100. 
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The suspension for particle counting was prepared 
in the following way. Fa t  was suspended in isobutanol 
in the rat io of 1:50, adequately mixed using a glass 
st irr ing rod to obtain a uniform suspension. This mix- 
ture  was sonicated for 10 sec using a low volume, high 
intensi ty  ultrasonic processor (Vibracell VC 50, Sonics 
and Materials  Inc., Danbury,  CT) to complete the dis- 
persion of the fat  crystals .  An aliquot of this suspen- 
sion was added to isobutanol  so tha t  a final suspension 
of fat : isobutanol of 1:25,000 was obtained which was 
then used for particle counting. The final suspension 
was  conta ined  in a bo t t le  which was placed in the 
pa thway  of the revolving laser beam generated by  the 
model I L I  1000 Laser  Particle Counter (Spectrex Corp., 
Redwood City, CA). The particle counter  was a t tached 
to an I B M  compat ib le  computer ,  and by  us ing  the 
Supercount  software (Spectrex Corp.), resul ts  were ob- 
tained as mean size and size distr ibution of fat  crys- 
tals. The measured  particle size ranges  from 1 ~m to 
92 ~m. Particles were measured  in a 1 ~m size interval  
from 1-16 ~m and in a 5 ~m size interval  from 17-92 
pm. 

Shor ten ing  samples  were p repared  for scanning  
electron microscopy (SEM) as follows. The shortenings 
were suspended in isobutanol in the ratio of 1:50 and 
allowed to s tand overnight  at  23~ Separat ion into 2 
layers was observed. The isobutanol and the liquid oil 
of the  shor ten ing  formed the upper  layer  while the  
solid crysta ls  formed a sediment  layer. The upper  layer 
was discarded, and the sediment  was resuspended in 
isobutanol.  The process was repeated three t imes to 
ensure complete removal  of the liquid oil phase. The 
fat  crysta ls  were then filtered and resuspended in is- 
obutanol  to obtain a suitable dilution of crystals .  This 
suspension was applied to a luminum stubs,  the isobu- 
tanol  was allowed to evaporate,  and the s tubs  were 
exposed to vapors  of 0.25 g osmium tetroxide crys ta ls  
(99.95%, Fisher Scientific) overnight.  The samples  were 
then sput ter-coated with 200 A gold-paUadium using 
the H u m m e r  V I I  Sput te r  Coater, and scanned in the 
SEM (Hitachi S-570 SEM). Samples were scanned at  
an accelerating vol tage of 10 kV, and the micrographs  
were recorded on Ilford FP4 120 m m  film. 

RESULTS AND DISCUSSION 

In  order to conduct  particle size analysis of fat  crys- 
tals, it is impor tan t  tha t  these fat  c rys ta ls  be dispersed 
and diluted in an appropr ia te  solvent which is miscible 
with the liquid oil and in which the fat  crysta ls  are not 
soluble. To establ ish the solvent to be used, various 
solvents were tes ted  for their miscibility with liquid 
canola oil. The solvents tes ted  ranged f rom methanol,  
with the highest  polarity, to octanol, with the lowest 
polarity. Liquid canola oil was miscible with propanol  
and higher alcohols and was immiscible  wi th  lower 
alcohols. I sobutanol  was intermediate  in polar i ty be- 
tween methanol  and octanol and hence was chosen as 
the solvent for further  investigation. 

The recovery of solid and liquid fraction of short- 
enings A - D  after  being in contact  with isobutanol for 
24 hr showed that ,  on an average, 95.2% of the solid 
fa t  and 94.8% of the liquid oil was recovered. This 
indicated tha t  the fat  c rys ta ls  were not being adversely 

affected by  the isobutanol. I t  also sugges ts  tha t  isobu- 
tanol can be used for separat ion of solid and liquid 
fractions of fat. Up to the present  t ime separat ion of 
the solid phase  of fa ts  was a difficult and laborious 
task,  accomplished by  a detergent  fractionation tech- 
nique (8). 

The fa t ty  acid composit ion of the solid and liquid 
fractions showed tha t  the solid fraction was higher in 
16:0 and 18:0, and lower in 18:1, 18:2, 18:3 and 20:1 
than  both  the original sample and the liquid fraction 
(Table 1). These resul ts  were verified with an unrelated 
method of absorpt ion of the liquid port ion of the fats  
into filter paper .  The f a t t y  acid composi t ion  of the 
liquid oil absorbed by  the filter paper  (Table 2) was 
comparable  to tha t  obtained by  the isobutanol separa- 
tion process. 

Determinat ion of the melt ing point of the original 
shor ten ing  versus  the solid f ract ion by  Different ial  
Scanning Calorimetry (DSC) revealed tha t  removal  of 
liquid oil raised the melt ing point  of the original short- 
ening by  8-10~ 

The lack of interaction between fat  c rys ta ls  and 
isobutanol was observed under  the polarized light mi- 
croscope immediately  after  suspension and after  24 hr 
of contact  of fat  crysta ls  with isobutanol. No change 
in the  size of the  fa t  c rys ta l s  was observed,  which 

TABLE 1 

Fatty Acid Composition of the Shortenings and the Solid and 
Liquid Fractions Separated with Isobutanol at 10~ a 

Fatty acid (wt %) 
Product 16:0 18:0 18:1 18:2 18:3 
Shortening A 

Original 12.8 10.7 54.8 19.3 1.3 
Solid 26.0 31.9 39.4 1.9 0.6 
Liquid 9.4 5.3 59.5 23.6 1.3 

Shortening B 
Original 14.5 11.2 44.9 26.6 1.8 
Solid 30.4 38.1 26.7 3.2 0.7 
Liquid 10.6 5.8 49.3 31.5 1.9 

Shortening C 
Original 11.9 10.2 65.0 9.3 1.2 
Solid 36.8 33.0 27.7 0.8 0.7 
Liquid 6.6 5.5 73.4 11.1 1.3 

Shortening D 
Original 12.3 11.8 61.2 10.9 0.9 
Solid 27.7 35.4 33.4 1.2 0.8 
Liquid 8.3 5.9 68.0 13.8 0.8 

aFatty acids occurring at less than 1% are not reported. 

TABLE 2 

Fatty Acid Composition of the Liquid Fraction of Shortenings 
Obtained by Absorption into Filter Paper at 10~ a 

Fatty acid {wt %) 

Shortening 16:0 18:0 18:1 18:2 18:3 

A 9.2 5.2 60.0 24.0 1.2 
B 9.5 4.5 49.2 33.3 2.2 
C 5.2 3.9 73.2 13.9 1.4 
D 9.4 7.4 65.7 13.3 1.0 
aFatty acids occurring at less than 1% are not reported. 
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FIG. 1. Polarized light micrographs of: a) Shortening A immedi- 
ately after suspension in isobutanol; b) Shortening A 24 hr later; 
c) Shortening B immediately after suspension in isobutanol; d) 
Shortening B 24 hr later (one scale division = 10 ~m). 

TABLE 3 

Mean Crystal Size and the Height  of Sediment and Supernatant 
of Different Shortenings Suspended in Isobutanol 

Shortening 

Mean crystal Sediment Supernatant 
size height height 
(t~m) (%) (%) 

A 8.51 _ 1.17 41.2 58.8 
B 5.61 +_ 0.23 65.9 34.1 
C 5.60 +_ 0.17 70.1 29.9 
D 5.58 _+ 0.19 69.2 30.8 

FIG. 2. Isobutanol suspensions of fats: A--Shortening with par- 
ticle size over 10 ~m: 1. 100 mg fat in 10 ml isobutanol; 2. 200 mg 
fat in 10 ml isobutanol; 3. 500 mg fat in 10 ml isobutanol; 4. 1000 
mg fat in 10 ml-isobutanol .  B--Shortening with particle size 
under 5 ~m: 1. 100 mg fat in 10 ml isobutanol; 2. 200 mg fat in 10 
ml isobutanol; 3. 500 mg fat  in 10 ml isobutanol; 4. 1000 mg fat  
in 10 ml isobutanol. 

confirmed that  the structural  integri ty of the fat  crys- 
tals was not  being affected by isobutanol (Fig. 1). 

Isobutanol has been found to be an appropriate 
dilution medium with such plastic fats as margarines 
and shortenings. However, we have observed tha t  is- 
obutanol is not  suitable for lauric fats which have a 
high content  of lower chain fa t ty  acids. I t  is suggested 
tha t  for such fats, more polar solvents such as metha- 
nol or ethanol can be used as a dilution medium. 

The rate at which the separation of the solid crys- 
tals and the liquid oil suspended in isobutanol takes 
place is a function of the size of the fat crystals. Fine 
crystals settle at a slower rate than coarse crystals, 
Fine crystals form a more voluminous network result- 
ing in a larger  sediment.  This occurs because such 
crystals due to the presence of more contact  points are 
able to immobilize more liquid. Coarse crystals  settle 
at a faster  rate and form a more closely packed sedi- 
ment. Table 3 shows the height of the sediment and 
supernatant  formed after  24 hr of contact  of the short- 
ening with isobutanol (1:50). This observation provides 
the basis for a rapid method of est imating the relative 
size of the fat crystals in a fat. The isobutanol dilution 
t es t  can provide a rough es t imat ion of crys ta l  size 
without the use of sophisticated equipment. As seen 

in Figure 2, coarser crystals formed a more t ight ly 
packed sediment than the finer crystals. Also the height 
of the sediment increased as larger weights of fat  were 
used in the suspension. 

The mean crystal  size of the shortenings ranged 
between 5-9 ~m (Table 3). The size distribution indi- 
cated that  the fat crystals ranged from 4-16 ~m in size 
(Fig. 3 and 4). Albanese (9) reported tha t  the fat crys- 
tals in shortenings are predominantly present  in the 
form of needles ranging from 0.5 to 5.0 ~m in size. The 
size as measured with the particle counter  was com- 
pared with tha t  seen under the polarized microscope 
using a stage micrometer. The results were comparable 
(Fig. 3 and 4). 

Fat  crystals  obtained by  the isobutanol separation 
technique from a shortening were examined by  scan- 
ning electron microscopy. Figure 5 shows the appear- 
ance of these crystals as rod-like particles with a di- 
ameter  of 1-2 t~m and 5-8 t~m in length. Fur ther  work 
is required to interpret  the relationship between the 
traditional polarized light photomicrographs and the 
electron micrographs obtained by this procedure. 

The isobutanol suspension method described in this 
paper enables the preparation of stable suspensions of 
fat  crystals  for particle counting by laser light scatter- 
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FIG. 3. Size distribution of fat crystals  in Shortening A (1 divi- 
sion on scale = 10 pro). 

FIG. 5. Scanning electron micrograph of the solid fat from a 
shortening at 2,000 X magnification. 

FIG. 4. Size distribution of fat crystals  in Shortening B (1 divi- 
sion on scale = 10 ~m). 

ing.  A n  a d d i t i o n a l  a d v a n t a g e  of th i s  t e chn ique  is t h a t  
i t  m a k e s  i t  pos s ib l e  to  q u a n t i t a t i v e l y  s e p a r a t e  t he  sol id  
a n d  l iquid  p h a s e s  of a fat .  The  s e p a r a t e d  sol id  p h a s e  
c a n  be  c o n v e n i e n t l y  e x a m i n e d  b y  s c a n n i n g  e l e c t r o n  
m i c r o s c o p y ,  i t s  f a t t y  ac id  c o m p o s i t i o n  a n a l y z e d  b y  
GLC,  and  the  p o l y m o r p h i c  fo rm d e t e r m i n e d  b y  X- ray  
d i f f rac t ion .  
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