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ABSTRACT

A pulsed. low-resoludion nucicar magmetic resunance (NMR) tech-
nigue has been used for the oil and water derermination in O/W
emulsions. The nwthod is based on the analysis of the longitudinal
magnetization decay wurve, thar, due ro ihe Jifferert relaxation
times of ol and warer, consists of 2 recognizable compoacnts,
Correlation of NMR results with fav content is duserihed, A god
correlation between the NMR response and fat content by weight
has been found. The rapidicy and sccuracy of the micasurements
are comparable o those of other teckniques,

INTRODUCTION

The determination of vil and waier content in emulsions is
of yreat importance in food and cosmetic processing. 1t is
therefore extremely important 1o develop new techniques
which are rapid. sccurate and which recuire a minimal sam-
ple precrearment.

Nuclear magnetic resunarce (NMR) spectruseopy as
been successfully used to measure the oil and water contenr
in emulsions as well as to Jetermine their solid tat content,
their stabilty and their dynane state. Wideline, high
resolution and pulsed low-resolution are the main NMR
weehnmigues used in rhis tield.

For vil and water determimation in agueous emulsions
and in commercial rnrya'incs 2 wide-line NMR methods
have been developed by Shanbhag et al (1), They used the
radiofrequeney (RF) saturation method for the il Jerer-
mination In aboratory-produced aqueous emulsions and
supgested 4 differene wide-line NMR method, based on the
addition of Ma(ClQs)2 to the sample. for commercial mar-
garines, obtaining a good reproducibilicy: and an aceuracy
ot + 0.5%. Mansfield and Horn {2} compared the NMR
method tor moisture derermination in margarines to dif-
ferert yravimetric methods and showed thar the NMR
technique is both rapid (~15 mirAlctermination) and
accurawe (& 0,27%)

1n contrast, high-reselution NMR, due to the cost of tie
instrument, scems to be unsuitable for ol and water deter
mination in these samples. For this reason, it has been used
munly in the study of the state of warer in W/ ¢mulsions
(3) and ir hydrophilic and lipophilic biance (H1LB) deter-
minations (4).

bFimnally, pulsed low resolution NMR has been used for
derermination of sohd {atindex (3 7) in margarines and for
determination of emusion stabiliy (8-10), Although the
pulsed ivw-resalition NMR techrique has been ssecessfully
used fur vl and water determinatuon in vilseeds and olives
(11,12}, up e now, the onlv application tw oil and warer
determination in emulsions was bhased on the free induction
decay signal (112 (9). Because of the general improvement
of pulsed rechniques and the advanrages they offer, we
believe that the use of this technique for vil and water
Jetermination in emulsions 15 quize suitable.

In this paper. we report the determination of oil and
water content by pulsed low-resolution NMR in O/W enul-
sions. The merthod 15 based on the analyvsis of the long-
tud:nal magnetization decay curve of the samples. It does

not require sample prerreatment or a trained operator and
1t can be complete’y autnmared,

EXPERIMENTAL
Materials

Mineral oil FU by Carlo Erba, Milan, lraly, and triethanol-
armine stearate, 3s emalsitying agenr, were used. A weighed
amount of mmneral oil and surfactant, at 80 ¢, were added
with distilled water it the same emperature m order o
abtain 100 ¢ of sample and the mixture was mechanically
stirred wntil room temperaiure (25 ) was reached. The
waier content was measured by weighing the sample at
room wmperature. Abhout 1 g of emuision was transterred
t a test i of 1 mm external diameier for NMR read-
ing. NMR mceasurements were performed within -+ hr atrer
the sample preparauon,

NMR Measurements

NMR measurements were performed by a puised tow-
resoluiion  spectronweter,  Minisper P200 produced by
Rruker Co., Karlsruhe, Germany, operating at 20 MH7z and
('ql'ip-xci with 1n analog vomputer B-ACS.

The an;utudlna magnetization Jdecay curve was deiected
by a 180°/1/90° pulse scquence. T n-umplc Imatcd within
a prrmanont magnet, ts first subjected o a 180° RY pul:x.
(i.c., 2 pulse \\rh'IC"I lips" the equilibrium auclear magneti-
zation M, by 1807 with respect to the m-a;__m'm fieli direc-
tion). After a vamable Jdelay, t. a 90° RF-pulse is applicd
which gives rise to 3 transverse puclear magnetization, My,
detected by the ransmitter/receiver carl wound around the
sample. By platiing the functior In (My-Mo) vs the nme t,
lhr: Iun"m'dlna- magnetzation decav cune is obrained. The
90° and 180° pulses are adiusted empiticaily by varyving
their respective wadths {ca. & gsec and 8 Msec on cur insuu-
ment). The time delay t hetween the pulses was varied from
10 msee to 5 sec. Bauch measurement was repeated U
times, the time between 2 consecunive MCasuTemcnts was
kept to 14 sec to ailow the nucicar maygnetization to recurn
o its eqwhbrium value. The probe temperature wax 25
01cC,

RESULTS AND DISCUSSION

Froure 1 shows & nvpical loagitudinal mamenizanon decay
curve for an (MWW emulsion (eurve ad. The curve reported
in Fiyure 1 does nut shuw 1 single exponential behaviar;
that can be expliined 5y the presence in the sample of 2
different components having different longitudingl relaxs
ton times, Ty and Ty, In the present case, as it will be
described fater, the slowly decaying component can he
identified with the water and tricthanolamine, whereas the
fast decaying componeni can be identified with the il
and the stearic acid. Curve 2in Figure 1 cap be therefore
E:rzed by the functon:

Mu=Myp Coexn(t/Tyrrh+ O explt/ Ty, |
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where Cf and Cj are proportionzl to the content of the 2
components in terms of hydrogen abundance in the sample.

The Cg value can be obtained by a direct extrapolation
of the cutve at t = 0. By subtracting the extrapolated values
of the slowly decaying component {dotted line in Fig. 1),
the magnetization decay of the fast decaying component
is abrained (curve b in Fig. 1) together with the Ci value.
The percentage of each component in terms of hydrogen
abundznce Xj in the sample can therefore be chizined by:

X; = 100 (1]

L
Ce+Cg’
and compared to the sample composition,

The Xj values of different emulsions with fat content by
weight, Wr, in the range 10-70% have been determined by
‘NMR. The results are summarized in Table I, where the
sample composition by wt (Wj), the percentage of the fast
decaying component in terms of hydrogen abundance (Xf)
derived by NMR, the Tys and Tyg relaxation times of the 2
components and the correlation coefficients rf and r2 of the
regression analysis on the decay curve of each component
are reported, The percentage of the slowly decaying compo-
nent, Xg, can obviously be obtazined as: X3 = 100-Xf. In
Figure 2, the fat content, Xy, as determined by NMR vs the
far content by wr, i3 reported. Figure 2 shows a good cor-
relation between the NMR response and the fal content of
the samples; however the Xf and Wr values do not coincide,
That can be explained by the different hydrogen abundance
(i.e., g of hydrogen/g of component), hs and hg, of the 2
components, so that the Xi and Wy values can be related
by:

Xf

o0 .

Xi + (100-X¢) he/hg

ot, by writing Equation II in a different form, by:
100 _100 he bt
Wi Xf o ohg hg ~

Equation IV shows that 2 plot of 1/Wy vs 1/Xf gives a
straight line for which the slope and intercept both depend

Wy = [111}

[Vl

TABLE 1

MU-M! larbitrary uniin)

| Illlll$

| | ¥ 1
a 1 a a a t =0

FIG, 1, Curve a longitudinal magnetization decay cwrve for an
emulsion composed of mineral oil, 66.8%; water, 28.8%; stearic
acid, 2,9%,; triethancolamine, 1.5%. Curve b: longitudinal magnetiza-
tion decay of the fast decaying component of the sample; the curve
is obteined by subtracting from the overall curve the extrapolated
values of the slowly decaying component (dotted line).

on the hg/hg ratio. Notice that it is common in the litera-
ture to apply linear regression to the W(X) relationships,
which is obvicusly incorrect. A plot of 100/Wf vs 100/Xf
for the emulsions examined is reported in Figure 3;a lincar
regression analysis on the data of Figure 3 gave a correla-
rion coefficient r? = 0,999, thus confirming that Equations
Il and IV fit the experimental data very well. According
to that, the fat {or water) perceniage by weight can then be
directly obtained by Equation I if the relatve hydrogen
abundance, hg/hg, of the 2 components is known a priori
and the fat (or water) percentage, in terms of hydrogen

Sample Composition, Percentage of the Fast Decaying Component X, Lungitudins.l Relaxation Times,
Tyf and Ty, of the Two Components and Correlation Coefficients ef and g of the
Regression Analysis on the Decay Curve of Two Compenents

Stcaric

(il + stearic acid Tif Tq

Sample Oil2  acid® Warer?  Triethanolamine? (W th (sec) r% (sec H
1 AL 3.0 85.5 1.6 129 14,1 0045 0991 2488 0999
2 91 4.6 84.0 2.3 13.7 15.1 0.060 0999 2280 0.998
3 12.0 3.0 83.5 1.5 150 160 0056 0981 2256 0.998
4 13.8 3.0 81.7 1.5 16.8 17.5 0.037 0998 2.210 0995
5 145 28 81.3 1.4 17.3 179 0046 0994 23353 0599
3] 239 11 71.4 1.6 27.0 28.5 0031 (.99 2206 0999
7 24, 1.0 T0.6 1.5 27.9 291 0.021 0995 2.375 0.99%
8 26.8 3.1 68.6 1.5 29.9 314 0060 0992 2832 0986
9 30.7 3.1 64.7 1.5 338 363 0033 09%6 2172 0.9%9
10 35.5 31 5¢.9 1.5 8.6 41,0 0050 0999 2277 0.599
i1 40.0 3.0 55.5 1.5 43.0 451 0,035 0599 2,130 0,599
12 43.2 31 521 1.6 46.3 49.1 0.034 0995 2,132 0.999
13 45.7 3.2 49.5 1.6 43,9 31,8 0035 0993 2330 0999
14 156 8.0 42.4 4.0 53.6 5592 0040 0999 1680 0,999
15 50.7 3.0 44 8 i.5 537 360 037 0997 2070 0.9%9
16 50,5 3.1 37.7 3.9 58,4 6l4 0.060 0997 1.696 0D.999
17 583 31 37.0 16 614 630 0038 0999 2100 0,999
18 53.8 3.0 36,7 15 61.8 648 €050 0985 2220 0.999
19 62.6 31 32.7 1.6 65.7 684 G050 0998 2419 0,999
20 66,8 2.9 28.8 1.5 49.7 718 GO57 0989 1977 0099
21 685 26 276 1.3

71.1 724 041 0971 1,787 0999

2Percentage by wit.

bpercentage of the fast decaying component in terms of hydrogen abundance determined by NMR.
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FIG, 2. Percentage of the fast decaying component in terms of
hydrogen content, Xg, as obtained by NMR, vs the vil and stearic
acid percentage by weight, Wy, The dotted line represents the Xy =
Wy function,

content, Xf, is measured by the analysis of the longitudinal
magnetization decay curve. On the contrary, if the hy/hg
ratio is unknown, a correlation curve, as shown in Figure 3,
must be derived and the hg/hg ratio must be evaluated.

In the present case, the he/hg ratio of 1.085 was found
by regression analysis, Assuming this hg/hg ratio, the fat
content by weight, Wy, was calculated with Equation III
and the standard deviation between these values and those
given by the sample composition reported in Table I was
caleulated, obtaining an SD of # 0.5 -

From these results, it can be concluded that pulsed low-
resolution NMR is a snitable technique for oil and water

" determination in emulsions, Finally, it can be noted that

. the time required for the analysis is about 20-30 min if 6
points, each of them obtained by the average of 10 mea-
surements, are taken to detect the longitudinal magnetiza-
tion decay.

FIG. 3, 100/Wg vs 100/X ¢ plot.,
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ERRATUM

In “Effect of Degumming Cenditions on Removal and
Quality of Soybean Lecithin,” by G.R. List, J.M. Avel-
laneda and T.L. Mounts (JAOCS 58:892, 1981), the
captions to Figurcs 3 and 4 should be transposed to read:
FIG. 3. Recovery of acetone insolubles from crude soybean
oil, ® Theory, acetone-insoluble content crude oil, & Caleu-
lated from phosphorus content of degummed oil, A Experi-
mental acetone-insoluble content of hexane solubles. FIG,
4. Effects of degumming parameters on phosphorus re-
moval and acetone-insoluble content of gums,
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