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T 
I tE  CONSISTENCY o f  margarine and other c o m -  
m e r c i a l  fats  depends to a large extent on the rel- 
ative amounts  of liquid and solid fats  present.  

The usual method for determining these values is by 
dilatatio.n measurements.  Indeed the di latometer  is 
used fa i r ly  em~siderably for  this work. There are 
however certain inherent  errors  in this type  of meas- 
urenmnt. Craig et el. (1) state that  " t h e  calculation 
of solid and liquid content f rom dilatometric data  is 
impossible in complex mixtures  of g lyeer ides"  while 
Bailey (2) stated that  " t h e  calculation of solid/l iquid 
ratios from dilatometrie curves of na tura l  fats  is not 
possible with any degree of accuracy . "  These state- 
ments arise f rom the fact  tha t  a pr ior  knowledge of 
the glycerides present  is required, and mathemat ica l  
ad jus tment  is needed to take care of the different 
melt ing dilatations. Such knowledge is clearly not al- 
ways available. 

Since this is the ease, the question arises as to 
whether some other simple method would give bet ter  
results. The 5)w resolution nuclear magnetic  reso- 
nance (n.m.r.) spectrometer  appears  to provide a so- 
lution to the problem. 

The magnetic  field s t rength at the center of a hy- 
drogen resolutnce line always has the same value for a 
given frequency, but the shape of the line is influ- 
enced by the chemical and physical state of the sample. 
The width of the absorption line is related to the mo- 
bility of the hydrogen in the sample or the mobil i ty 
of the, compound containing the hydrogen aud to the 
fiehl homogeneity. The effective magnetic field s trength 
a t  a I lue le / I s  is f l i t '  S l l l n  o f  the applied magnetic, field 
plus the fieht contributed by neighboring nuclei. In a 
solid where the mwh,i are fixed ra ther  r igidly in posi- 
tion, any g-iwm mwlens may find itself in a total mag- 
netic fiehl sig'nitieantly lower or higher thml the ap- 
plied field. Since the mtelei will pass thr(mgh magnetic  
resonance at widely different values of the applied 
field, the line width will be comparat ively  broad (of 
the order of several gauss).  In  a liquid in which all 
the molecules are in a state of violent thermal agita- 
tion, the fields eontr ibuted by hydrogen nuclei at any  
given point are averaged out very  rap id ly  compared 
with the period of precession. As a result  of this, the 
absorption line is very narrow, and the line width is 
determined pr inc ipal ly  by the inhomogeneity of the 
applied magnet ic  fiehl. This inherent  d ispar i ty  in line 
widths between solids and liquids (F igure  1) appears  
to lend itself to a method for determining the l iqu id /  
solid content of fats. The derivat ive of the e.urve is 
shown in F igure  lb.  A pre l iminary  notice of the work 
has been published recently (3).  

Experimental 
A bridged-T n.m.r, spectrometer  was used (4, 5). 

The glass sample tube is inserted into the R. F. coil, 
which is pa r t  of the resonant  circuit. The magnetic  
field at  the sample is swept l inear ly  with time, across 
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the nuclear /'esoll0.11(.e valllC~ by n l e a l l s  Of a small c u r -  
r e n t  applied to the sweep coils by the  sweep g'etterator. 
The deriwdive CltVVe jH'esetltatiol~ in obtained by using 
a magnetic  field modub~lion much smaller than the 
line width. The t empcra lu re  of the sample is x'aried 
by placing the holder in a l )ewar vessel containing 
either i re /water  or d ry  iee/aeetom,, the t empera tu re  
of which is measure<l by a pentane thermometer .  

The samples examined consisted of two samph+s of 
pure  glycerides, t r is tearin (m.p. 72.7) and triolei,J 
(5.0~ and mixttlres thereof, and a sample of mar-  
garine fat.  The margar ine  fa t  had been previously 
examined by dilatomet tic measurements  (2) a f te r  two 
different thermal t reatments  (by Messrs. ()aMey and 
Lave ry  of the Unilever Research Laboratory ,  Por t  
Sunlight)  over a rm,ge of tempera tures  extemling 
below the t empera tu re  of format ion of 100% solid, 
through the intermediate  temperatures ,  and over a 
range of t empera tures  above the t empera tu re  of for- 
marion of 100% liquid. The l iquid/solid content was 
deduced f rom a graphical  plot of these results. 
The liquid content of the fa t  is plotted in F igure  2. 

The n.m.r, m e a s u r e m e n t s  were made on the mar-  
garine fa t  a f te r  identi<;al thermal  t reatments .  

Thermal Treatment 
Stabilized Sample. The fa t  was melted at 60~ 

and the liquid was mixed thoroughly.  The liquid fa t  
was cooled slowly to room tempera tu re  and kept  at 
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Fro. 2. The var iat ion of the l iquid/solid content  of margari l te  
with tempera ture  by di latometry and by n.m,r, spectroscopy, 
a) with stabilized fa t  and b)  with un,stabilized fat .  

x - - l ine  valuc, s deduced by ditatometry, 
o---line values deduced by n.m,r. 

this temperature, (about  20~ for three days. It was 
next kept  at - 5  ~ for 7!./~ hrs. (using sal t / ice) ,  at  
- 1 5 ~  for  16 hrs. (using iee/Ca(/l.+), and at - 5 0 ~  
for 2 hrs. (using d ry  lee and alcohol). 

Unstabilized Sample. The fa t  was melted at  60~ 
then chilled for 11/~: hrs. in ice/water  and for :~ hr. 
at - 5 0 ~  (dry  ice/alcohol).  

Results and Discussion 

Many experiments  were carried out to determine 
the best eouditions for  determining the liquid content 
of the fa t  blend at various temperatures .  The original 
idea of measur ing  the area of the broad band of the 
solid and the nar row line of the liquid simultaneously 
was found to be untenable  although interesting infor-  
mation was obtained, which is given in the Appendix.  

The magnetic  field was modulated at a sinusoidal 
f requency of about  40 c/s  with a magni tude of about 
30 milligauss peak to peak. The line width was deter- 
mined by the magnet ic  field inhomogeneity and was 
about  100 milligauss at  half  height. No signal due to 
the broad band of the solid is detectable, and a meas- 
urement  of the peak-to-peak height D (F igure  lb)  is 
a direct measure of  the amount  of liquid present. 

Three samples of mixtures  of pure  t r is tear in  and 
triolein were first examined. These contained p repared  
amounts of l iquid/sol id content. Published data (1) 
with other methods suggests tha t  the t r is tear in  does 
not form a solid solution in the triolein phase. 

The method adopted was as follows. A sample of 
pure  triolein was placed in the toil, and the curve 
was t raced six times. Without  al terat ion of any  of the 

experimental  conditions the tube was replaced by an 
identical tube containing each of the known mixtures.  
Six runs were made with this sample a f te r  the bridge 
had been rebalaneed. The triolein was again inserted, 
and the procedure was repeated four  or five times. 
The peak-to-peak heights of the liquid line were meas- 
ured and averaged. By  comparison of the peak height 
of the pure  triolein with that  of the mixtures  the 
percentage of liquid in the mixture  could be calcu- 
lated. The results  are shown in Table I ;  they were 
accurate to within 3%. 

These conditions on the appara tus  were used to 
investigate the liquid content of the margar ine  sam- 
ple. A sample of the margar ine  fa t  was melted and 
placed in the appara tus .  The length of the peak-to- 
peak height was determined. The stabilized margar ine  
was next inserted, and the procedure was repeated. 
The liquid content at other tempera tures  was calcu- 
lated f rom the al terat ion of the peak-to-peak height. 
The results are plotted in F igure  2a and can be com- 
pared with the di latometrie  data obtained on the same 
fat. Determinat ions on other days agreed well with 
these results. 

The unstabilized margar ine  was examined in an 
identical manner,  and the results are plotted in Fig-  
ure 2b and can be compared with the dilatometric data. 

lit is of par t icular  interest  to compare the dilato- 
metric data  with the n.m.r, determination.  The re- 
sults agree well at room temperature ,  also at the 
point of solidification. At  the intermediate  tempera-  
tures however differences of some 10 to 20% liquid 
content occur. Since the n.m.r, determinat ion is in- 
dependent  of the composition and the polymorphie 
forms of the solid material  present, the results by 
this method are regarded as more near ly  correct. It  
is of interest  to note tha t  both methods indicate that  
the liquid content of the stabilized margar ine  is 
higher at any  par t icu lar  t empera ture  than  the un- 
stabilized margarine.  F u r t h e r  work is required to 
s tudy the relationship between dilatation measurement  
and l iquid/solid content, using mixtures  of pure  glyc- 
erides in order to c lar i fy  the difference observed. 

Conclusions 

1. The low resolution n.m.r, spectrometer  provides 
a new technique for  the determinat ion of the l iquid/  
solid content of fats. 

2. I t  has m a n y  advantages  over the usual dilato- 
metric method. Fa t s  may  be examined in the state in 
which they are received, i.e., without  al tering the 
s t ructure  by melt ing and crystall ization as with the 
dilatometrie method. The results obtained are inde- 
pendent  of the composition of the fa t  ; no pr ior  knowl- 
edge of the glyeerides present  is required. The re- 
sults obtained are independent  of the polymorphic  
form or forms of the solid present.  I t  requires little 
p re l iminary  work, such as weighing, sample prepara-  
tion, etc., and is rapid.  Determinat ion of t r i s t ea r in /  
triolein mixtures  gives good agreement  with expected 
results. The n.m.r, results  and di latometrie  results on 
margar ine  fa t  show divergences at t empera tures  in- 
termediate  between the t empera tu re  near  100% solid 
and room temperature .  F u t u r e  work will be carried 
out on other simple mixed glyceride systems. 

Appendix 

The original idea of measur ing and compar ing the 
area of the nar row line of the liquid and the broad 
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line of the solid was found to be not possible, and 
conditions on the apparatus were altered so as to 
determine the liquid content only. Interest ing infor- 
mation was obtained ho~vever in these prel iminary 
experiments. These are now described. 

Stabilize,el Margarine.  At room temperatures, using 
a modulation amplitude of about 0.13 gauss, a deriv- 
ative spectrum was obtained with a fine structure 
(Figure  3a). When resonance was swept through 
more sloMy, the fine structure was very marked even 
though the whole signal was very narrow. The line 
width (AB) of the broader line was only 0.9 gauss. 
The narrower line arises from the liquid. The broader 
component arises from molecules in the solid state. 
Since the line width AB is so narrow, the molecules 
must be undergoing various forms of motion quite 
freely. I t  is interesting that a comparable line was 
obtained f rom the aL-polymorphie forms of 1-oleodi- 
stearin, 1-oleodipahnitin, and 2-oleodistearin (6). With 
these compounds the line width was about 0.8 gauss. 
I t  is reasonable therefore to attr ibute the broader 
component to the presence of glycerides in the marga- 
rine fat  blend with an unsaturated chain and probably 
in the aL-form. 

Below - 2 4 ~  the curve corresponding to the liquid 
disappeared. On increasing the modulation ampli- 
tude (to about 0.5 or 0.6 gauss) and increasing the 
amplifier gain, a much broader curve was obtained, 
e.g., at - 28~  with a modulation of 0.5 gauss it had 
the shape shown in Figure  3b. The line width of the 
broader line was 7.6 gauss. This value is intermediate 
between the line widths of the aL-forms and of the 
higher nlelting forms of most of the glyeerides studied 
at room temperatnre (6). At  - 3 5 ~  the line width 
had increased to 8.2 gauss, and it remained at this 
value right down to -78~  (the lowest temperature 
recorded with the dry  ice/acetone coolant). The broad 
curve was still seen on raising the temperature above 
-28~ hut the gain had to he greatly increased and 
at about 8~ it was just  disappearing into the noise 
level. This broader curve must arise from molecules 
i~ the solid form which are not in such free motion as 
those giving thc narrower curve, and the decrease in 
line width with increase in temperature indicates the 
gradual increase of motion of these molecules. 

With decrease in temperature the narrow curve 
increased very slightly in area as would be expected 
as more molecules passed from the liquid state into 
this state. Also measureme~tts helow the solidification 
point showed that  the line be('ame broader, therefore 
having a greater second moment. At  -29~  the line 
width had increased to 1.0 gauss and at - 47~  to 
1.1 gauss; at --57~ it was 1.5 gauss. Fur the r  de- 
crease in temperature caused the narrow line to dis- 
appear at --64~ and below this temperature only 
the broad line was obtained. Thus decrease in tem- 
perature gradual ly  caused more molecules to pass 
from a highly mobile state into a more restricted 
state, also the remaining molecules themselves in the 
mobile state gradual ly  become more restricted, giving 
broader lines. The line of about the same width as 

TABLE I 

Known percentage 
of liquid 

75.1 
50.2 
25.1 

Average percentage 
found 

74.0 
51.2 
25.4 
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FIG. 3. The deriwtt ive spc('~tr:t of m a r g a r i n e  f a t  a t  d i f fe rent  
t empera tu re s .  

that obtained with the a~,-form of I-oleodistearin was 
still present at --20~ (6). 

A t - 7 8 ~  six runs on the fat gave an average line 
width of 8.2 +~ 0.3 gauss and a second moment at 17.6 
-• 1.1 gauss -~. This may be compared with the runs 
carried out (m 1-oleodistearin with the fi'~, and aL poly- 
morphie forms at --78~ The fl'~, modific, ation gave 
an average line width of 13.4 g a u ~  and a second mo- 
ment of 20.4 gauss ~ while the a l , - f o r n l  gave a line width 
of 10.5 gauss and a seeon(1 mo,nent of 17.8 gauss 2. 
When the fat sample was cooled to 90~ by using 
liquid oxygen as the eoohmt, the aw~rage line width 
from six traces was 13.9 _+_ 0.3 gauss, and the seeond 
moment was 24.7 • 0.7 gauss e. Cooling to the h)wer 
temperature has therefore fur ther  restricted the mo- 
tion of the molecules as was found with the pure glye- 
erides. All the pure compounds (glyeerides) studied 
at 90~ and 20~ gave second moments within the 
range 24.3-25.2 gauss 2 (6). The molecules are there- 
fore probably effectively stat ionary at 90~ This 
may be compared with results by Andrew (7) on pure 
long-chain hydrocarbons. 

On one occasion only an interesting effect was no- 
ticed on cooling the sample. At  -44~  t h e r e  was 
slight splitting of the narrow curve (Figure  3c). At 
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--50~ this  s p l i t t i n g  was even more p r o n o u n c e d ;  A B  
was about  0.9 gauss and  AC was abou t  1.6 gauss. A t  
- 6 2 ~  the sp l i t t i ng  was ve ry  s h a r p l y  defined as i n  
F i g u r e  3d. Thus  the sample has set so tha t  some of 
the molecules which possessed a ve ry  free form of 
nlot ion are now very  s l ight ly  res t r ic ted.  

Unstabilizcd Margarine Sample. This  showed simi- 
lar  effects to the stabi l ized m a r g a r i n e  except tha t  
from - 7 8 ~  u p w a r d  tile genera l  n loleeular  mot ion  
was not so nlarked.  Thus  at  - 7 8 ~  the uns tab i l i zed  
samt)le gave a broader  line. The second n loment  was 
19.1 + 1.4 ' " _ gauss-,  and  the lille width was 8.4 § 0.4 
gauss. Also the na r row line d i sappeared  al a h igher  

�9 - - ; ) a  (3,  - - 4 ! I  ~ t en lpera tu l ' e ,  *.e., at about  . . . .  A t  (,. its lille 
width  was 1.9 g'aT~ss, at  --14~ this bad de~q'eased to 
1.2 gauss, and  at l.).,) C. it was 1.0 gauss so tha t  the 
lille wit l th was at all t eml)e ra tu res  broader  l}/all wi th  
the stabi l ized sample. (The curve  cor respond ing  to 
the l iqu id  disapl)eared a t - - 1 4 ~  

The broad line showed abou t  the sanle line wid th  
var ia t ions  as with tile s tabi l ized saulple. In agree- 
mea t  with tile above eonehlsions of less molecular  too- 
l ion ill the sample the l ine d id  not  s ink into the 

genera l  noise level un t i l  t e m p e r a t u r e s  above 11~ 
were employed.  

The measu remen t s  at  90~  removed any  differen- 
t i a t ion  between the two samples since the second mo- 
men t  was 24.7 _+_ 0.4 gauss 2 a nd  the l ine  wid th  was 
14.2 ~ 0.2 gauss. 
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Report of the Smalley Committee, 

H 
~:t~v:wrrH is presented the 42nd annual report of the 

Smalley Committee. Again this season nine different 
types of samph's were distributed by seven sub- 

committees. These were c.ottonseed, soybeans, peanuts, meal, 
vegetable oils, tallow and grease, glycerine, drying oils, and 
edible fats. In  all, 4,408 samples were distributed to 506 
collaborators, and about 15,000 results were tabulated. 
Table 1 shows the distribution and participati<m. There was 
a slight increase in participation of about 3% this season. 

As of March 21., 1960, the Smalley account on the A.0.C.S. 
books showed $7,249.00 in receipts and $6,992.67 in expense, 
leaving a net of $256.33. This net will he decreased by at 
least $150 by charges yet to be received. A new mixer was 
purchased for preparation of the cottonseed samples at a 
cost of $382.50. A detailed accounting has been given to the 
Governing Board, and a final report to the collaborators, 
summarizing the work and listing the relative standing, based 
<m our various grading systems. 

I t  is fitting to express thanks to various subcommittee 
members for their contributions this past season: 

K. It. Fink, Armour and Company, for tabulating and mailing 
the tallow and grease results and calculating the final grades; 
he also assisted with the edible fat tabulations 

J. F. Anodide, Lever Brothers Company, for tabulating and 
mailing the soybean oil results 

J. P. Hughes, Southern Regional Research Laboratory, for tabu- 
lating and mailing the cottonseed oll results 

R. A. Decker, Armour and Company, for calculating the final 
grades on the vegetable oils 

E. H. Tenent Jr., Woodson-Tenent Laboratories, for preparing 
and shipping the vegetable oils and tallow and grease 
samples 

S. J. Rini, ttumKo Company, for selecting the bulk vegetable 
oil 

R. B. Jones, l)arling and Company, for selecting and shipping 
the bulk tallow and grease samples 

G. Conner Henry, Law and Company, for handling the prepara- 
tion of the cottonseed, meal, and peanut samples 

3". L. tIale, Swift and Company, for the preparation and distri- 
bution of the edible fat samples 

Bart Teasdale, Canada Packers Ltd., for remailing the vege- 
table oil and the tallow and grease samples in Canada 

George Reid, Spencer Kellogg and Sons, for the preparation 
and mailing of the drying oil samples. 

1959-1960 
T A B L E  1 

Cottonseed ...................... 
Soybeans ........................ 
Peanu t s  ......................... 
l~eal  ............................... 
Vegetable oils ................ 
Tal low and  grease .......... 
Glycerine ....................... 
D r y i n g  oils . . . . . . . . . . . . . . . . . . . . .  
Edible  fats  ................... 

Number  of 
collaborators 

42 
38 
I1  

143 
82 
83 
24 
15 
53 

Number  of 
samples 

No. Of 
de te rmina t ions  

per samplo 

10 6 
10 2 

7 5 
15 3 

6 3 
5 7 
5 5 -.3 
6 5 
5 14 

Reasonably sound grading systems have been established 
in all the series, and certificates of proficiency have been 
presented this year in all categories. 

Cottonseed�9 With 42 chemists partie:pating, first place 
was a tie between Ben C. White, Barrow-Agee Laboratories, 
Shreveport, La., and Paul D. Cretien, Texas Testing Labo- 
ratory, Dallas, Tex., with grades of 99.70%. Honorable 
mention was given to W. N. C. Kesler, Woodson-Tenent 
Laboratory, Little Rock, Ark., with 98.26%. 

Soybean. First  place among 38 chemists was a three-way 
tie, all with grades of 100%, for B. D. Brock, Barrow-Agee 
Laboratory, Greenwood, Miss.; W. D. Wadlington, Wood- 
son-Tenent Laboratory, Chieago, Ill.; and J. G. Bowling, 
Woodson-Tenent Laboratory, Des Moines, Ia. Konorable 
mention was given to E. H. Tenent Jr., Ben C. White, 
Robert H. Hein, W. J. Johnson, T. C. Law, and R. A. 
Preckschat, with grades of 99.40%. 

Peanut. Of the 11 chemists participating in this series 
first place was won by Mr. Cretien with 99.76%; second 
place by W. C. Dean, Dothan 0i l  Mill, Dothan, Ale., with 
99.68% ; and honorable mention by P. C. Whittier, Law and 
Company, Wilmington, N.C., with 98.92%. 

Tallow and Grease. There were 83 collaborators, of whom 
Harry Gebel, Swift and Company, Hammond, Ind., won 
first place with a grade of 100%; D. S. Brake, General 
Testing Laboratory, Vancouver, B.C., second place with 
99.36%; and E. R. Hahn, Hahn Laboratories, Columbia, 
S.C., honorable mention. 

Vegetable Oils. With 82 collaborators participating, the 
first place certificate was given to P. L. Phillips, Barrow- 


