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A Comparison of Nuclear Magpnetic Resonance and Dilatom-

etry for Estimating Solids Content of Fats and Shortenings

W. D. POHLE, J. R. TAYLOR and R. L. GREGORY, Swift & Company,

Research and Development Center, Chicago, Illinois

Abstract

The percent solids values of fats and shorten-
ings using nuclear magnetic resonance (NMR)
and solid fat index (SFI) have been compared.
The samples used were: blends of hard fat and
safflower oil, saflower oil hydrogenated to vary-
ing degrees, and different types of shortenings.

This investigation demonstrated the empirical
nature of the SFI technique and shows the na-
ture of the deviations from the solids content
determined by the NMR method. The magnitude
of the deviation of SFT from the NMR solids
content inereased with the level of the solids.
The SFI values and the NMR solids content were
similar at the lower levels (SFI1 values of 10)
but at the upper limit for the SFI method (SFI
values of 50) the solids content by the NMR
method can be 80% or more, a difference of 30
units.

Although the determination of solids content
by NMR is reliable, the relationship between
SFI values and NMR values for different types
of samples is so variable that the calculation of
the SFI value from percent solids by NMR, or
percent solids from SFI values from prediction
equations is not very reliable.

Since NMR measures the solids content more
accurately than SFI and is applicable over the
entire range of solids, 0 to 100%, it will be very
useful in fat and oil research and control.

Introduction

HE OFFICIAL Aocs METHOD for SFI (1) or one of

many modifications is used extensively to eval-
uate shortenings and blends of fats for their relative
consistency and plastiec properties. In its original
form the solids content of a sample at a given tem-
perature was estimated from the difference between
the specific volume at a point on the curve at that
temperature (for example B, in Figure 1) and the
corresponding point on the extrapolated liquid curve,
at the same temperature {for example A), divided
by the difference between the speeific volume at A on
the extended liquid curve and C on the extended
solids curve.

Because of the time required to establish both the
liquid and solid portions of the curve, and the fact
that the solids eurve is relatively constant, it was de-
cided by those concerned with these measurements

to establish only the liquid eurve and use the differ-
ence between the specific volume of the liguid curve
and the specific volume at a point on the dilatometer
curve as an index of the solid fat present at that
temperature. The solid fat index (SFI) is a purely
empirical value which has been very useful in re-
search and for control of processes and quality of
the finished product, although it is limited to eval-
uation at levels below 50 units.

The development of a broad line nueclear magnetic
resonance (NMR) instrument offered a new approach
to the determination of the solids in fats, blends and
shortenings. It appeared to offer a means of mea-
suring the solid fat content with greater accuracy
and over the entire range from 0-1009% solids. This
techniqgue was applied to a stabilized and unstabi-
lized margarine oil by Chapman (3) and to soybean
oil hydrogenated to varying degrees by Ferren (4).
Both suggested using the technique for measuring
the solids content of fats and shortenings but did
not extend their investigations into this area.

A previous investigation by the authors (2) dealt
with NMR measurements on fats containing less than
50% solids and comparison with SF1 values for mar-
garine oils which were below 30. This study showed
that while the values were not equal, a prediction
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F1a. 1. Example of a dilatometer curve.
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Fig. 2. Calibration curve for solids in fat and shortenings.

equation could be established for the relationship be-
tween SKIL value and per cent solids by NMR. The
deviation of the SFI from the per cent solids found
by NMR has stimulated further inguiries into the
relationship beyond those previously studied and into
the region where SFI cannot be employed.

Experimental

The investigation being reported was undertaken
to obtain more extensive information on the solids
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F1a. 3. Comparison of SFI values and percent solids by NMR
at 50, 70, 80, 92 and 100F on blends of known composition.
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content of fats and shortenings by NMR over a wider
range than could be covered by SFI, as well as, ad-
ditional information on the relationship of solids con-
tent by NMR and SFI values in the region where
SFT values can be obtained.

The SFI values were determined by the Official
AOCS Method (1) and the NMR measurements were
made following the procedure previously described
(2).
The NMR spectrometer was calibrated using known
blends of a hard fat (hydrogenated soybean oil with
an iodine value of 3.5) with safflower oil. The cal-
ibration graph was prepared by plotting the signal
obtained by NMR (millivolts per gram of sample
due to the liquid portion) against the percent solids
in the sample. Results are shown graphicaily in Fig-
ure 2 for data obtained at 50F and 100F, the tem-
perature extremes employed in the SFI method.

The slightly higher instrument readings above 20%
solids for 100F is probably due to a slight solubility
of the hard fat in the oil at 100F. This difference
would of course inerease as the temperature is raised.
In this investigation a ecalibration curve based on
instrument reading on samples at 50F was used for
determining the solids content of a sample from the
NMR measurements because it represents a better
relationship between solids and instrument measure-
ment free from any solubility factors.

The first series of tests involved measurements on
known blends of hard fat (I.V. 3.5) with safflower
oil. The solids econtent by NMR and the SFI values
were determined for each blend at 50, 70, 80, 92 and
100F. The per cent solids in the blend is marked
on each curve (Fig. 3) showing the values for a
given blend over the temperature range of 50F to
100F. These data indicate:
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Fig. 4. Comparison of SFI values and percent solids by
NMR at 50, 70, 80, 92 and 100F on hydrogenated safflower oil.
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1. That the per cent solids by the NMR method
were in good agreement with the known solids
content, (per cent hard fat blended with the
safflower oil) at all levels.

2. That the SFI values were the same as the per
cent solids in the blend at the 10% level but
were lower at the higher levels. The difference
between the SFI value and the per cent hard
fat present became greater as the hard fat con-
tent in the blend increased up to 50, the upper
limit for the SFI method. A deviation of this
type in the SFI values is not surprising but it
does show that the SFI fails to indicate the
actual magnitude of solids in glyceride blends
a3 the solids increase.

In the next series of tests, a comparison was made
of per cent solids content by NMR and SFI values
on safflower oil hardened to various degrees, (hydro-
genated to refractive indices of 46.5, 44.5, 42.5, 40.2
and 38.4 at 60C on the Butyro scale), at 50, 70, 80,
92 and 100F. The data are shown graphically in Fig-
ure 4. These tests show more strikingly the approx-
imate nature of the SFI values which differ from
the solids content by varying degrees depending upon
the sample and the amount of solids present. While
the SFT values are recognized as only an index of
the solids content, we did not expect them to be as
variable and as poor an index with inecreasing solids
content as the data indicated. Some workers have
looked upon the SFI as being comparable to the
solids content and have pressed for extending the test
to products with SFI values above 50. Why this is
not practical is easily understood when such samples
may actually contain 85% solids. It is surprising
the S¥T method has functioned as well as it has at
these higher levels.

In the third series of tests, shortenings of various
types were analyzed for solids content by NMR and
SFT at 50, 70, 80, 92 and 100F. The data are given
in Table I. The relationship between per cent solids
by NMR and SFI is shown graphically in Figure
5 for 5 shortenings and 4 of the hydrogenated saf-
flower oil samples.

In the graphical presentation one can observe the
general relationship between NMR and SFI and at
the same time the marked difference in the charac-
teristic of the sample. It will be observed that in
some cases the one value may change two-fold while
the other changes only one-fold. This situation makes
reliable predictions in specific cases impossible with-
out previous knowledge of the system.

Discussion

The prediction equations calculated from the data
in Table 1 are given in Table II. However, the de-
pendence of SFI values on speeific volume (which
may vary with the blend of fats or triglycerides be-
ing measured) makes estimation of SFI values from
per cent solids determined by NMR or the opposite
only rough approximations although the precision of
both methods is satisfactory (2). Estimates of the
limits within which such values might lie are as
follows. S¥T values caleulated from per cent solids
determined by NMR may be expected to be within
approximately —=4 at values of 10, and the uncer-
tainty increases to approximately =10 at the upper
limit (50 SFI value). Calculation of the per cent
solids determined by NMR from SFI values may be
expected to be within -£6% solids at the 10% level
and the uncertainty increased to ==10% at the 50%
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TABLE 1
Shortening Method SFI values and}‘:z -cent solids by NMR at
type 50F 70F 80F 92F 100F
Vegetable NMR 37.0 24.7 17.6 12.4 i1.4
SPI 27.2 20.1 19.8 15.2 7.0
Vegetable NMR 34.8 16,1 12.5 11.1 5.1
SF1 25.5 19.4 20.8 4.1 10.7
Vegetable NMR 45.3 30.5 14.2 5.9 3.5
SFL 36.8 21.0 14.1 3.2 0.3
Animal NMR 34.5 25.8 18.9 14.6 11.3
SFI 28.3 21.0 19.5 16.3 12.1
Animal NMR 43.1 27.6 19,1 14.2 12.2
HSP1 31.4 19.2 17.5 11.9 6.0
Animal NMR 35.5 17.9 14.3 9.9 5.8
SET 27.5 18.5 16.9 16.1 9.0
Animal NMR 55.8 35.6 22.1 15.1 11.3
SFI 37.6 28.0 22.5 16.0 14.3
Animal NMR 31.9 21.0 13.8
SFI 28.8 23.1 16.3 9.3 5.0
Veg.-animal NMR 29.6 27.9 25.6 21.4 17.6
SFI 24.4 15.2 16.7 11.8 5.1
Animal-veg. NMR 35.1 20.0 14.0 12.6 8.8
SFL 24.5 16.9 12.9 12.8 8.5
Animal-veg. NMR 35.5 21.6 15.1 11.6 8.7
SPI 25.7 19.6 18.5 14.3 10.6
Animal NMR 32.7 23.2 15.9 9.7 5.7
SEI 28.6 23.56 16.5 12.8 9.7
Animal NMR 22.2 16.3 15.2 10.7 7.2
SPL 21.2 16.7 13.3 9.7 5.3
Animal NMR 25.2 21.4 15.9 11.1 8.5
SFI 20.9 14.7 12.6 9.2 5.0
Vegetable NMR 51.1 40.9 24.0 15.0 7.8
SFI 40.3 27.0 21.5 8.7 1.0
Hydrogenated
safflower oil
refractive index
38.4 NMR 83.5 74.5 63.0 48.2 33.0
SFI 53.0 44.7 40,2 28.2 17.8
40.2 NMR 58.5 42.5 24.0 8.7 4.7
SFI 39.1 23.9 18.7 4.1 0.7
425 NMR 23.5 8.2 4.2 3.2 3.0
SFI 22.2 8.4 1.6 0.0 0.0
44.5 NMR 6.5 3.8 1.8 0.0 1.0
SPT 10.8 2.7 0.4 0.2 0.1

solids level (SFI wvalue of approximately 34) and
more at higher levels.

The uncertainty of the calculated values, either per
cent solids from SFI values or SFI values from per
cent solids, make such calculations of little value in
predicting accurately one value from the other. In
view of this situation and the fact that SFI is a
less reliable index of the solids content, it appears
that the per cent solids by the NMR method will be
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Fic. 5. Relationship of pereent solids by NMR to SFI
values from shortenings and hydrogenated safflower oil.
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TABLE 11
Prediction Equations for SFI Values and Per Cent Solids by NMRB

Prediction equation

For all values

SFI value == 3.8550 -+ 0.6216 (% solids by NMR)

Per cent solids by NMR = 2.6542 4 1.4001 (SFI value)
For values less than 10

SFI value == 1.2454 4 0.6198 (% solids by NMR)

Peor cent solids by NMR = 4.2963 4+ 0.5145 (8¥FI value)
For values 10 and higher

SFI value == 7.826 - 0.5208 (% solids by NMR)

Per cent solids by NMR = —16.1137 4 1.6990 (SFI value)

more valuable than SFI in the study of the solids
content of fats and shortenings..

In addition to the advantages of NMR measure-
ments given here, it is possible to condition separate
samples at selected temperatures at the same time
and then measure all at the end of the conditioning
period instead of conditioning and reading at suc-

Vor. 42

cessively higher temperatures as in the SFI method.
This appreciably reduces the elapsed time for a test.
Tt also appears that it will be possible to extend the
measurements to lower temperatures to gain infor-
mation on products like winterized oils. The appli-
cation of this technigque to investigations of hydro-
genation, interesterfication, processing, final
formulations and similar phases of fat and oil re-
search may be expected to extend the basic knowl-
edge in this area.
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Salts of Alkyl Esters of s-Sulfopalmitic

and «-Sulfostearic Acids'

A. J. STIRTON, R. G. BISTLINE, JR., ELIZABETH A. BARR and M. V. NUNEZ-PONZOA,
Eastern Regional Research Laboratory,® Philadelphia, Pennsylvania

Abstract

Lithium, ammonium, sodium, potassium, mag-
nestum, and caleium salts of methyl, ethyl, pro-
pyl, isopropyl, butyl, isobutyl and secondary bu-
tyl esters of e-sulfopalmitic and a-sulfostearic
acids were prepared for a study of structure-
property relations. The esters are easily biode-
gradable, have good foaming, detergent and lime
soap dispersing properties and resist acid and
alkaline hydrolysis. The a-sulfopalmitates are
more soluble.

Differences in the cation and the aleohol in-
fluence melting point, aqueous solubility, solu-
bility in organie solvents, surface and interfacial
tension, critical micelle concentration and emul-
sifying properties.

Introduction

STERS OF a-SULFO ACIDS are of current interest as
biodegradable detergents, lime soap dispersing
agents and wetting agents (1,3,8-10,12,13). Varia-
tions in the structure RCH(SO;M)COR" or [RCH
(CO2R’)S03]:M are easily possible by choice of the
particular fatty acid, aliphatic alcohol, or salt. The
present investigation is a systematic survey of 84
esters to better relate strueture and properties.
Commercial a-sulfopalmitic acid and e-sulfostearic
acid (Armosul-16 and Armosul-18, Armour Industrial
Chemical Company) estimated to contain about 3-8%
of impurities 1n the form of unsulfonated fatty acid
and the homologous 16 or 18 C a-sulfo acid, were
esterified with methyl, ethyl, propyl, isoproypl, butyl,
isobutyl, and secondary butyl alcohols and neutral-
ized to form lithium, ammonium, sodium, potassium,
magnesiunm, and caleiwun salts. The properties mea-
sured included melting point, Krafft point, solubility
in water and organic solvents, surface and interfacial

1 Presented at the AOCS Meeting in Houston, 1965,
2 Kastern Util. Res. and Dev, Div., ARS, USDA.

tension, critical micelle concentration (eme), caleium
stability, metal ion stability, detergent, foaming, wet-
ting, lime soap dispersing, and emulsifying properties,
rate of hydrolysis, and relative ease of biodegradation.

Experimental
Preparation of the Esters

a-Sulfopalmitic acid, 0.6 mole (200 g), was dis-
solved in 250 ml of the selected aleohol and esterified
by heating 6 hr at the reflux temperature. The re-
action mixture was divided into 6 equal parts and
the salts were formed by neutralization or double
decomposition with caleulated amounts of lithium hy-
droxide, ammonium hydroxide, sodium earbonate, po-
tassium ecarbonate, magnesium echloride or caleium
chloride. The precipitated salts were dried, dissolved
in absolute ethanol, decolorized, and recrystallized
from aqueous ethanol at —20C. The same procedure
was used for esters of a-sulfostearic acid. The esters
were obtained in a pure state as white powders with
an overall average for metal analysis within 0.1%
of the theoretical value. The average purity of the
ammonium salt, estimated from neutralization equiv-
alent, was 98%.

Properties

Melting points were determined with the Fisher-
Johns apparatus, surface and interfacial tension was
measured with the du Noiiy tensiometer, eritical mi-
celle concentration by the pinacyanole chloride
method, and biodegradability by the river water test
(13). Krafft point, detergency, foam height, wetting
time, calcium stability, stability to metal ions, and
lime soap dispersing power were measured as in pre-
vious publications (12). Emulsifying properties were
measured by the method of Griffin and Behrens (6).

Rate of hydrolysis under acid ecatalysis, a first
order reaction, was measured by heating 0.01 mole
of the sodium salt of the ester in 100 ml N/3 H2SO0,
at 100C, withdrawing 10 ml aliquots for titration at
selected time intervals. Rate of hydrolysis under al-



