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Abstract 
Denison et al. (1) recently reported a method 

for measuring the per  cent solids in fats  using 
the Differential Scanning Calorimeter (DSC).  
The present  work evaluates that  method using the 
Perkin  Elmer  DSC-I ,  compares it  with nuclear 
magnetic resonance (NMR) and dilatation 
methods, and extends it to hard butters. Although 
the method gave excellent in ter laboratory agree- 
ment  with soft fats, extension to hard  fats  led 
to greater  experimental  variance than  SFI .  The 
DSC method provides greater  speed (one hour 
elapsed time) and additional information 
( thermal  "f ingerprint"  of the fa t ) .  Thus, the 
DSC determination of fa t  solids overall cmnpares 
favorably  with the NMR method, as well as the 
S F I  dilatation method. The DSC method is 
readily adaptable to quali ty control use. 

Introduction 
I t  is well established that  tile melt ing point and  

heat of fusion of a pure  tr iglyeeride depends upon 
the polymorphic form of the fat. Thus, the use of 
DSC melt ing endotherms for determining fa t  solids 
requires a pre tempcr ing  of the sample to insure re- 
producibil i ty of curve shapes as well as areas. F igure  
1 illustrates a typical  example of this effect by the 
difference between the initial melt ing curve of tri-  
s tearin and the melt ing of pure  fl-form af ter  con- 
ditioning a half  hour at  a t empera ture  just  below 
the melting point. The original melt ing curve shows 
the endotherm corresponding to the melt ing of the 
a-form present,  followed by the exotherm due to 

i Presented at the AOCS Meeting, New Orleans, May, 1967. 
2 Present Address: tIarvard University Graduate School, Cambridge. 

Mass. 02138. Now Mrs. K. Saunders. 
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rear rangement  to the fl-form. This in tu rn  is followed 
by  the melt ing of the fl-form. Conditioning of the 
sample above the melt ing point of the a-form, but  
below the fl-form converts it to pure  fl-form. This 
is evidenced by  the single melt ing endotherm upon 
remelting of the sample. 

Materials and Methods 

The first approach used in this laboratory  was the 
most direct one, namely, the complete melt ing of a 
fa t  sample to erase its thermal  history, followed by  
cooling at a predetermined rate to build in a new 
state of temper. The results by this method 
proved to be less reproducible than with the tempering 
procedure proposed by Denison and Jus t in  (1). The 
lat ter  involves the use of the same tempera ture  
sequence as in the S tandard  AOCS dilatation proce- 
dure (2). 

The Perk in-Elmer  DSC-1 was used for these studies 
for two reasons. First ,  it is a true calorimeter in tha t  
actual  energy input  is measured. Thus an integrat ion 
of a curve [millieal/see vs. time ( temp)]  yields 
calories directly. Second, the ins t rument  was the 
only commercially available ins t rument  which pro- 
vided a convenient sample holder for fats  a t  the time 
this work was initiated. Samples were weighed into 
a luminum pans, under  ambient  atmosphere. 

This work evaluates the method by applicat ion to 
fats  of vary ing  hardness as well as by direct com- 
parison with the NMR and S F I  methods of solids 
determination. 

Experimental Procedures 
P r i n c i p l e  o f  t h e  M e t h o d  

Figure  2 illustrates a typical  Differential Scanning 
Calorimeter (DSC) curve obtained by melt ing a pre- 
tempered sample. One calculates the per  cent solids 
at 8 0 F  as shown in F igure  2. To calibrate the 
calories/unit  area, one melts a sample of pure  indium 
which has a known heat of fusion. Ind ium provides 
a relatively easily available, stable, reproducible 
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FIG. 2. P r inc ip le  of DSC method for  per  cent  solids. 
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standard. Water  or pure  laurie acid can be used for 
low temperature  calibrations in the temperature range 
of interest (i.e. adjustment of T average control).  

Procedure 

The detailed procedure is as follows: (a) Weigh 
a 5 mg sample of fa t ;  (a) heat above the melting 
point (77 C) ;  (e) pretemper  by holding 5 rain each 
at 0, 26.7 and 0 C. These temperatures correspond 
to 32, 80, and 32 F of the Standard  AOCS Method 
(2). Centigrade temperatures are specified since the 
instrument is calibrated in centigrade degrees. (d) 
Melt at a programmed rate of 5 C/min;  (e) draw 
the base line on the chart  (dashed line, Fig. 2) 
assuming C p ( s ) / C p ( 1 )  = 0 . 9 5 ;  (f)  draw in the cor- 
rected temperature  lines, i.e., compensate for  dynamic 
lag as described below; (g) integrate the areas of 
interest, e.g., to 50, 70, 80, 92 and 100 F ; (h) calculate 
the per cent solids assuming an average heat of fusion 
of 35 eal/g. Calibrate the instrument  daily by melt- 
ing pure laurie acid or pure water to insure the 
accuracy of the temperature  readings. 

Steps c, e and h are variable. To suit the part icular  
fa t  of interest, change the tempering cycle as neces- 
sary. The relative heat capacities of solid and liquids, 
as well as the heat of fusion, may differ f rom the 
values used. The values presented appear  to represent 
good averages which give reasonable results. If ,  how- 
ever, one has a fa t  known to be high in one com- 
ponent, for  example, a high t r i laurin content, one 
would use a higher heat of fusion than for a high 
tr imyrist in fa t  (see discussion below on NMR stan- 
dard mixtures of safflower oil / t r is tearin and Table I) .  

Correction for  Dynamic  L a g  

A small dynamic lag occurs during a transition due 

o 20 

+ s~l 

- - , h - -  GF 

- -43 - - -  P-E 

E F -  2 

E F - I  

I I I I I i 
50 60 70 80 90 I O0 

TEI4pERATURE (°F)  

Fie. 4. Comparison of SFI  with DSC method at two 
different laboratories using Smalley Committee Fats .  

to the finite time required for heat transfer.  Figure 3 
shows how to correct the abscissa ( temperature)  of 
the melting curve for  this lag. 

The indium curve illustrates that  the leading edge 
has a finite slope (here exaggerated) despite the fact 
that  the indium melt is an isothermal transition. The 
indium melt curve and the smaller dotted one show 
clearly that  the amount of displacement of a peak 
maximum depends on sample size. Thus, the thermal 
lag is a function of the sample size or the height 
of the curve from the base line. To correct the tem- 
perature  on the programmed base line (50' and 70', 
slope from the isothermal base line at  the tempera- 
tures of interest (e.g., 50 F and 70 F, Fig. 3) until  
it intersects the melting curve. F rom this intersection, 
one drops a perpendicular  to give the corrected tem- 
perature  on the programmed base line (50' and 70', 
Fig. 3). The drawing exaggerates the correction 
which usually represents less than 0.2 C. 

N M R  Analyses  

The NMR technique used for solids determination 
was that  of Chapman et a]. (4,5) and Pohle, et al. 
(6,7) using a Schlumberger NMR Model 106 (Varian 
Model PA-7).  

Results and Discussion 

Perkin-Ehner  (P-E)  reported (2) a linear cor- 
relation between dilatometry and DSC crystall inity 
values for  Smalley Committee Samples EF-1,  2 and 
3. The first trials of the P-E Method at General 
Foods (GF)  were, therefore, on Smalley samples in 
order to test inter laboratory agreement. Interlabora- 
tory  comparisons gave exceptionally good agreement 
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(Fig. 4), especially since the GF values were the 
results of single determinations. 

Nuclear magnetic resonance of the same samples 
gave considerably higher values at lower temperatures 
(50-80 F )  and became equivalent at the higher tem- 
peratures (Fig. 5). The calibration standards for the 
NMR work were known mixtures of safflower oil and 
tristearin. The curves (Fig. 6) were essentially linear 
and varied only slightly with temperature.  Examina- 
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NMI~ P e r  Cent  Solids vs.  D i l a t a t i o n  and  DSC at  80 F 
of Safflower O i l / T r i s t e a r i n  Mix tu r e s  

NMI~ S F I  DSO a D S C  b 

0 0 0 
20  19.7  25 .6  i 9 . 9  
40  48 .4  49 .3 ,  52.3  38 .4 ,  40 .7  
60 72 .6  74.8,  74.9  58.2,  58.3 
80 119 .0  1 1 9 . 4  93 

100  . . . . . . . . . . . . . .  

a A H f  ~ 35 c a l / g .  
b A H~ ~ 45 c a l / g .  

tion of these calibration samples by dilatation (SFI )  
and by DSC shows them to exhibit high solids values 
at the higher tr istearin levels. DSC values calculated 
with a 45 cal /g heat of fusion (closer to tr istearin 
than the usual 35 ca]/g) achieve a better  fit of the 
data as shown in Table I. Cottonseed oil, hydro- 
genated to varying degrees, gives samples of different 
hardness for  comparison studies of DSC vs. NMR. 
The curves obtained (Fig. 7) are very  similar qualita- 
tively to those obtained by Pohle (7) when he com- 
pared NMR vs. S F I  on hydrogenated safflower oil. 
In both cases, the NMR method agreed better  at 
lower per cent solids than at higher ones. 

The original P-E method called for 20 mg samples. 
When this method was applied to harder  fats than 
the Smalley samples, the reproducibil i ty fell off. The 
reproducibil i ty improved with 20 mg samples when 
the heating rate was slowed to 1.25°/rain. However, 
a statistical study, involving 40 experiments, showed 
a sample weight dependence. Sample size reduction 
to 5 lug improved thermal equilibration, permit ted 
the use of the 5°/rain scan rate, and circumvented the 
weight dependency problem with hard fats. 

Table I I  shows the NMR results for  the two fats 
which differed in S F I  only at 80 and 92 F. Below, 
it shows the corresponding DSC values for  20 mg 
samples at two scan rates. The latter numbers were 
calculated using 42 cal /g for the heat of fusion f o r  
this lauric-type fat. 

A statistical comparison was made of the dilation, 
NMR and DSC methods. The statistician made the 
approximating assumption that  all three methods gave 
equal precision, i.e., a difference of ± 1 0 %  between 
two fats at 50 F is equally meaningful  for any of 
the three methods. This is not s tr ict ly true. The 
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TABLE II 

DSC vs. Nl¥IR vs. S:FI for  H a r d  Fa t s  

Temp. 

BENTZ AND BREIDENBACH: DSC METHOD FOR FAT SOLIDS 

TABLE I¥ 

95% Confidence Intervals 

NMR S F I  Tempera tu re  (F) 

56.6 50 70 80 92 
11.0 
64.4 Confidence I n t e r v a l  ± % 8  ± 6 . 5  ± 2 . 7  ± 2 . 0  
11.4 

Fat 1 80 74 
92 13 

:Fat 2 80 82 
92 13 

DSC (20 mg sample) 
5° / ra in .  1 .25° / ra in .  

:Fat 1 80 55.5 57.5 
92 17.7 9.1 

Fat 2 80 6B.4 60.3 
92 19.5 10.7 
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dilatation method provides less variance between 
duplicates examined on the same day. Table I I I  
shows the comparative results of six fats using 
Wilcoxon's two-way classification test (9). NMR gives 
a favored result in only one instance. In  14 of the 
remaining 15 pairs, the DSC method is equal to 
(nine NSD) or better than (five) either or both of 
the other methods. 

Perkin-Elmer cooperated with General Foods in a 
second interlaboratory study. Each laboratory used 
the same two fats in duplicate determinations. Also, 
each laboratory retempered each sample in the in- 
s trument and reexamined them. This retempering 
established instrumental  reproducibil i ty and the re- 
producibil i ty of the tempering process while elimi- 
nating weighing and sampling errors since the same 
samples were used. A correlation coefficient of 0.998 
resulted between duplicate temperings. Inter]abora- 
tory agreement showed no significant difference, ex- 
cept at 92 F where a technique factor may be respon- 
sible. Both laboratories readily distinguished the two 
fats despite the fact that  they differed only at  the 
higher temperature.  

The pooled variance from duplicate determinations 
used to estimate the 95% confidence interval  for  a 
single determination are shown in Table IV. With 
only two determinations, it is impossible to determine 
whether repeated measurements would distribute 
normally about the mean. Therefore, the confidence 
intervals may not be meaningful. A larger study, or 
some quali ty control results, would give more validity 
to these results and perhaps narrow the ranges. 

Evaluat ion 

The above results demonstrate the advantages and 

T A B L E  I I I  

S ta t i s t i ca l  S tudy  Compar ison  Resul t s  a of SFI vs. 
DSC vs. NMR on H a r d  Fa t  

1 2 3 4 5 

1 ........ . . . . . . . . . . . . . . . . . . . . . . . .  
2 NSD b ........ . . . . . . . . . . . . . . . . . . . . . . . .  
3 NSD DSC ~ Others '~ ....... . . . . . . . . . . . . . . . .  
4 NSD DSC ~ NMR NSD ........ ........ 
5 N M R ~ S F I  NSD D S C ~ O t h e r s  D S C ~ S F I  
6 NSD NSD D SC ~ S F I  NSD NSD 

a Non-parametr ic  test  (Wilcoxon 's  two-way classif icat ion).  Assumed 
all three  methods gave  equal precis ion.  

b NSD ---- no s igni f icant  difference. 
~- -~  greater  d i sc r imina to ry  power  determined at  a significance 

level of 0.10. 

and during the initial melt, the DSC can often give 
valuable clues as to the tempering or storage tem- 
perature  to which the fat  has been subjected. (b) 
In the fat  melt curve, one obtained a "fingerprint" 
of the fat. This is something of importance in t ry ing 
to distinguish two fats having identical S F I  values. 
(c) There are no temperature  limits. Fo r  example, 
the fat  solids range could readily be extended to 
- 2 0 F  for soft fats or to 150F  for hard fats, if  
necessary. (d) There are no limits on the hardness 
of the fats accommodated by the method (tristearin 
can be assayed). (e) A sample can be examined in 
about 1 hr  with 1 hr elapsed time (2 hr for  duplica- 
t ion).  This time might well be shortened in a control 
laboratory with a more routine operation and also with 
external pretempering of the fat. (f)  The precision 
is quite good (--+3% of value at 8 0 F )  and inter- 
laboratory agreement is excellent (see Fig. 4). 

Disadvantages. (a) The small sample size (5 rag) 
poses the problem of representative sampling. Sam- 
pling from a melt obviates this to a high degree. (b) 
The variance in fa t  solids is not constant. I t  is greater 
at low temperatures. This would be a hindrance only 
for fats, differing, say at only 50 to 70 F. (c) The 
variance in fa t  solids by  DSC is greater at low tem- 
peratures than is the variance by dilatation for 
duplicates run  simultaneously. This difference will 
undoubtedly diminish as experience is gained in this 
field. 
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disadvantages of the DSC fat  solids methods described 
below: 

Advantages. (a) The thermal history of a fat  can 
be determined. Fats  have a "memory," to a degree, 


