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ABSTRACT 

A pul~d, Iow-rc~,olutkm nucir ma~'nctic :e~aanee (NMR)tech- 
niqae h.v~ beta 'ased /or llle~ o il I/1.d water determination in (I,,'W 
emt:lsiom,.  TI~r n~ lho ,d  i~ [)a..~d or~ the  .,u'tadytks o f  t h e  I~e, gltudinal 
mag'net;zatioa decay ,..~r've, [hat ,  dtJe t o  ~ c  dif~erent rt.lz'tazior~ 
th'nt"~ of oil and wxrcr, *.'~r~i~,. t~.* 2 rr162 compoaen:s. 
Corrclatioa or N'MR re~aJIrs ',vith fat cuno:nt i,~ ,:lt-~.ct':hed. A gnt~ ~. 
et)rrel.tritm ~ru~a..cn r'l'te NMR rt'~on~, and fat cnatent hy w~'ight 
ha,. been fo~n,l. 'the :api,!i~..t.nci |cc~Jr=cy o. ~ t~r n~e~remnu~, 
a:r eomparal'jlr to [hd.r~ of other ~t'r 

I N T R O D U C T I O N  

i ' t :e de terminat i ,m uf ,ill anti wa:er COl)tent in emuls ions  is 
of ia:eat impor tance  in f~,od and r processing. It is 
the~efl~re ex t r emeh '  impurtart :  h, deve:op new techniques 
whiEh are :apid.  accura:e  and which reculre a minima] sam- 
pie precreav, nen: .  

Nuclear  nlagnetir rcsonat~ce (N;.MR) specrrosc,>pv !tag 
been successfulh" u ~ d  to measure t2~e oil anti v,.a:er ct,ntcnT 
in c:mtJlsi,>n~ as well as to dc~Ermine their  s,~lid fat conten t ,  
their slabilt~y and their dvnanuc statE. Wide linE. high 
resolution anti pulsed Iow-t'es,qution aw ~he main NMR 
tccnniuur used in this t]eld. 

For  oi l  and water dctem~mat iun in :~que,,rjS emulsions 
~ d  in c()[nrllcr~~a] vlar~arillcs. 2 wide-l ine NMR mEthOdS 
have been dcveh~pEd bv Shaabhag et al. (1). Ti~ev used the 
ra t i io frcqucney  (RF) .~mir.~tion i'11et~tott fo:  the oi l  derer- 
minatmn in ~at,orat,>ry-prodt;ced aq'aer~us emulsJ(,ns and 
suPgESred a d i f ferent  ,.*.ld~:-Iir~e NMR nteTh,,d, bxuM or] the 
addit ion of  .'~,g((~lO._): rm t]:r sample,  tar  ~:ummcrcia[ mar- 
garines, obta ining a good repr~iur  anti :11'1 accuracy 
at �9 O.5%. .Mansf idd  .rod Ftt,rn {2) r  d:e NMR 
mt'thod t~r :11oisu.lrc dercrn/i ; lat ion in n~,u~ga~'ineg to dil- 
feren~ gn'awa:etrit" me :hods  ant] showed mat  the N.MR 
teehnalUE is b~ta rapid ( ' 1 5  mi , /dc te . , rn ina t iun  ~, anti 
accuraw (: 0,Z7%). 

In contrast ,  high-=esol,atkm NMR. due to the c,~st t,t tire 
ins t rJment ,  ~ e m s  to be uns:]italtle [t,: (ul an,! ~'ater d,:tcr 
mmat ion  in the~,." ~ttnples. }:or this r r  it has bren "~J~:d 
:n~n ly  in the study at :he state o."warer in W/t) emulsions 
(3) and in hydropF'filic and ',ipt,philie b s  (ill.P,) deter- 
minat ions (-t). 

t 'ma ' l ) ,  pulsed lu~  resolut ion NMR has i~'en u.~d f,w 
dererminati,>n ~f S,,II~ 1. fat index (5 7) ;n maa'g:mnes and It,)! 
dc tcrminar ion t,.," r ~tabilitv (8-1o). Ahhough  the 
pul.~d to'a-r,es<',lu~ ton NM P, zechn iqu e }:as tu:cn s~acecssf'a l ie 
used for t):l and wate," d,e:cmlinatirm in ,,il.'~'eds anti alives 
(11.12}, up h, no-,~, tl",,.: only applieati tm tu oil and ",sarer 
determi: ta t ion in cm:Jlsions was b:,~'d on the free induct ion  
dec.atv signaJ {FII)) (9). Bcc,,LJ.'< of  the general improvEnaent 
~f p u l e d  tECh3hlUES and :he advantages they. offer,  wE 
t~a:ievt rhar the ,J.r ,~f this tcchrtique for ~)i[ and water 
dc tc rmiaa t ion  in emulsa ,ns  is qui:e mitablE. 

In this paper, we rep~rt the derern'finall(m of till and 
wah:r r162 hv pulsed Io;~-resolut[,m NM[,t =n ()/'W emul- 
.~i0ns. l-he :vErhod ~ ba~:d on thu analysts o f  tht. I(mgt- 
tud:nal magnet izat ion decay eu~'c tsf the sample,< It th,es 

nor require sample p re t r eaqnen t  or a trained ~,perat~r and 
ir can ~" comple te ly  atLtnr.lare(I. 

E X P E R I M E N T A L  

Materials 

51in,:ral o[] FU [,v Carh~ EeL,a..Milan. [raJ'.'. and tried'm:'.)l- 
a:r:inc sTca.rate, :is em- l s i f y ing  agent, wcrc u~ed. A weighed 
amount  t,." mineral  oi l  and surfaet;~nt, at 8(') C, were added 
wldl distilled water  at :he sacnE :Empcrature m ~,rdcr :o 
t ,btaie l(Ut g ~j:" sample and die mix:--,rc was me,'hanica3v 
stirred unt i l  room tcmpcra~u~ (25 (,:~ was re'ached. The 
wa:cr ct,ntcnt ,,v~s measured by weighing the s.'mtoh" at 
roo:lt  tcmp~:rature. About  1 ~: Of cm'Jisirm was transfErred 
to a test ruin" ,ff IO mm external  dia.mc:~'r for N.MR rcad- 
in~,.. N.MR measurements  were perf,~."med within -I. hr at ter  
the sample p reparauon.  

NMR Mea lu rement t  

NMR m~'astJrErl)ent.s wctc pcrfn:':ltcd bs" a p 'a ;~d iow- 
re ,o l in!on s.pectro:l:etcr, .M!:lispet" P20. produced by 
RrJker C o ,  Karlsrahe. ( ;er :nany,  ()perattn/g at 2(I Ml tv and 
equippet~ with an analog ,:(,mp'arer B-ACS. 

The '.anl;,in~dina~ .mat~,netizatitm decay c'a."vc was dc~cctcd 
by a lgt) / t190 pulse sequcr:cc. I :~t. sample, I~,cated ~.Vll[lll2 
a perTnanent magaet ,  is first suhlEcted ro a 1~0 ~ Rt:-pulsc 
(i.e., a pul~- which " 'fl ips" the r nt nuclear magncti-  
t a t :on  .M~, hv 1H~I ~ ,,~'ith respect h) the magnet ic  fu'l.'i direc- 
~mn). AftEr a v,mal)lc delay t, a 90 ~ RF-pulst" is applied 
whlcil g[ve'a ri.~ t,) a t : a l l sver~  ;1.ut'iear rnagncti /a: i , )n,  .M t, 
delr [)y :hE :ransm;t ter lrcce ivcr  cod v,'~,and art~und chc 
sample.  B.v plot t ing rite functit ,n In (.V,o-M ~) vs the t ime t, 
the It,ngitudinal m~r 'e tnzat ] tm dec:~.v et ' .~e is obta ined.  The 
90 ~ anti 1/'10 ~ ptnl~s -',n-e ad;usred empltica~ly bv varying 
their rEsoeetive w~dths (ca. 4/Jst:c and ,q ~ser ,m t,ur instru- 
ment's. ThE thn~" delay r '~mtween the pulses was var:ed fr.>m 
10 a,st'c t ,  5 ~ec. Each measurement  ~as  rcpeated 10 
rimes, rh~ t ime I~'t~,cen 2 eonsecurwe measurea:cnts  was 
kept tt) JO sec tr> aih)w the nuclear  m~,ne6za t i , , n  tt, return 
:o its cqudd)r ium value. 'r:',E p r o t ~  t empcra tu :e  w,i-~ 25 -t 
(I.1 C. 

RESULTS AND DISCUSSION 

t:t~,urc 1 shows a ~ 'p ica l  Ion~:itudir'.d rn,q~lettz',ti(,n deeay 
ctJ~'e for  an (~AV ~:mu[si~m (EUrVC at. The e'Jr~C rEpOrtEd 
i:l Figure 1 disc's not ~how a single cxponcn:ia~ bch:wior: 
that can he cxp]aincd r the presence in (tlc sarnp[c of  Z 
d f f te : r  compont':~ts hasing d i f ferent  l , )ngi tudieM rr 
don times. T t f  and J'l,,- In the nrcscnt C,L~e. as it u,'iil }x" 
descrlbecl later, the sh~wly decaying comprmen:  can !~" 
Mcnt i f i cd  wi th  the water and triethanolamine, wherca,, t!u. 
fast decaying co:nponcn'~ can be idcnt i [ ied with tl',e ,~il 
and the ~ear[c =,r Curve a in ):!gtlre 1 car~ bE theL'etore 
t:r:ed hv tire funet 'on :  

M L,~--,~*t | (~ ;" e-' X .,"J ( ' |  J'IT I ['~ "t/" C,~ r  ( | . / ' T  1 ~, 'J . !11 
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where Cf  and Cs are p ropo r t i ona l  to the  c o n t e n t  o f  the  2 
c o m p o n e n t s  in t e rms  o f  hyd rogen  abundance  in the sample.  

The  C s value c~n be ob ta ined  by a di rect  ex t rapo la t ion  
of  the  curve at t = 0. By subtract ing the ex tn tpo la t ed  vMues 
of  the slowly decaying c o m p o n e n t  (do t t ed  line in Fig, 1), 
the magne t i za t ion  decay  of  the fast decaying c o m p o n e n t  
is ob ta ined  (curve b in Fig. 1) toge the r  wir_h the Cf value, 
The  percen tage  of  each c o m p o n e n t  in t e rms  o f  hydrogen  
abundance  X i in the sample can therefore  be ob ta ined  by:  

C[ 
X i = 100 Cf + C~'  t i l l  

and compared  to the  sample eomposi t ior t ,  
The  X i values o f  d i f fe ren t  emuls ions  with fat c o n t e n t  by 

weight,  Wf, in the  range a0-70% have been  de te rmined  by 
NMR.  The results are summar ized  in Table  I, where the 
~ m p l e  compos i t i on  by wt  (Wi) , the percentage o f  t he  fast  
decaying  c o m p o n e n t  in terms of  hydrogen  abundance  (Xf) 
derived by NMR, the T l f  and T l s  re laxat ion t imes  o f  the 2 
c o m p o n e n t s  and due corre]a t ion coef f ic ien ts  r~ and r~ o f  the 
regression analysis on the dec~y curve o f  each c o m p o n e n t  
are rcpor ted,  The  percentage  of  the s lowly decaying e o m p o  
nent ,  X s, can obvious ly  be obta ined  as: X s = 100-Xf .  tn 
Figure 2, the  fat  con ten t ,  Xf, as de t e rmined  by NMR vs the 
fat  c o n t e n t  by wr, is r epor ted .  Figure 2 shows a good cor- 
relat ion be tween  the  NMR response and. the fat c o n t e n t  o f  
the samples; howeve r  the Xf and Wf values do n o t  coincide .  
Tha t  can be exp]airted by the d i f fe ren t  hydrogen  abundance  
(i.e., g o f  hyd rogen /g  o f  c o m p o n e n t ) ,  h f  and hs, of  the  2 
componen t s ,  so tha t  the Xf and Wf values can be related 
by :  

x f  
Wf = 100 Xf+ (lO0-Xf) hf/h s ' Illfl 

or, by writing Equa t ion  II[ in a d i f fe ren t  fo rm,  by:  

100_  100 hf hf 
+ 1 - - -  . I [V~ 

Wf Xf h s h s 

Equa t ion  IV shows that  a pint  o f  l t 'Wf vs 1 /Xf  gives a 
s t raight  line for  which the slope and in te rcep t  both  depend  

q0 l ]O-  

1 

FIG. 1, Curve a, longitudinal magnetization decay curve for an 
emulsion composed of mineral oil, 66.8%; water, 28,8%; stearic 
acid,  2.9%; triethanolamine, 12%. Curve b= Iongintdmsl magnetiza- 
tion deca 9" of the fast d�9 component of the sampler the curve 
is obta~Med by subtracting from the overall curve the extTapolated 
values of the slowly decaying component (dotted line}. 

on the hf/h s ratio. Not ice  r.hat it is c o m m o n  in the  litera- 
ture to apply l inear regression to the W(X) relationships,  
which is obviously incorrect .  A p lo t  of  100AVf vs 100 /Xf  
for the emuls ions  e x a m i n e d  is r epor ted  in Figure 3 ; a  linear 
regression analysis on the d~ta o f  Figure 3 g~ve a correla 
t-ion coef f ic ien t  r 2 -- 0 ,999,  thus conf i rming  tha t  Equatior~s 
11[ and IV fit  the expe r imen ta l  data very well, According 
to that ,  the  fat (or  water)  percentage by  weight  can then he 
direct ly  obta ined  by Equat ion  I l l  if  the  relative hydrogen  
abundance,  hf /hs ,  of  ~ e  2 c o m p o n e n t s  is known a priori  
and the fat  for water)  pereenutge,  in terms of  hydrogen 

TABLE 1 

Sample Composition, Percentage of the Fast Decaying Component Xs Longitudinal Relaxation Times, 
T l f  and TIs , of the Two Components and Correlation Coefficients r~and r s of the 
Regre~ion Analysis on the Decay Curve of Two Components 

Stcaric Oil + s:earic acid TI f T1 
Sample Oi1 a acid a Water a Triethanolamine a (Wf) a Xf b (see) r~ (seb~ r~ 

1 9.9 3.0 85.5 1,6 12,9 14,1 0.045 0.991 2.488 q.999 
2 9.1 4,6 84.0 2.3 13.7 15.1 0.060 0.999 2280 0.998 
3 t2,0 3.0 83.5 1,5 15.0 16,o o.056 o,981 2.256 0.998 
4 13.8 3,0 81.7 1.5 16.8 17.5 0.037 0.998 2.210 0.995 
5 14.5 2,8 81.3 1,4 17,3 17.9 0.046 0.994 2.353 0.999 
6 23.9 3.1 71.4 1.6 27.0 28.5 0.031 0.996 2.206 0~999 
7 24.9 3.0 70.6 1.3 27.9 29.1 0.021 0.995 2.375 0.999 
8 26.8 3.1 68.6 1.5 29.9 31.4 0.060 0.992 2.832 0.986 
9 30.7 3.1 64.7 1.5 33.8 36.3 0.033 0.996 2.172 0-999 

I0 35.5 3.1 59.9 1.5 38.6 41,0 0.050 0.999 2.277 0.999 
i1  40.0 3.0 55.$ 1.5 43.0 45.1 0.035 0.999 2.130 0,999 
12 43.2 3,1 52,1 1.6 46.3 49.1 0.034 0.995 2,132 0.999 
13 45.7 3.2 49.5. 1.6 48.9 51.8 0.035 0.993 2.33o 0.999 
lq  45,6 8.0 42,4 4.0 53.6 55.9 0.040 0,999 1.680 0,999 
15 50.7 3,0 44.8 1.5 53.7 56.0 0.037 0.997 2.070 0.999 
16 50,5 3.1 37,7 3.9 58,4 61,4 0.060 0.997 1.696 0.999 
17 583 3.1 37.0 1.6 61.4- 63.0 0.038 0.999 2.100 0.999 
18 58,8 3.0 36.7 1.5- 61.8 64.8 0.050 0.985 2.220 0.999 
19 62.6 3.1 32.7 1.6 65.7 68.4 0.050 0.998 2.419 0,999 
20 66.8 2.9 28.8 1.5 69.7 71.8 O.057 O.989 1.977 0,999 
21 68 5 2.6 27.6 1.3 71.1 72.6 0.041 0.971 1.787 0.999 

:LPerr by w~. 
bpercenfage of the f~.st decaying component in tcrm~ of hydrogcn abundance determined by NMR. 
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O/W DETERMINATION BV NMR 
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FIG. 2. Percentage of the fast decaying component in terms of 
hydrogen content, Xf, as obtained by NMR, vs the oil lind stearie 
acid percentage by weight, Wf. The dotted line represents the Xf = 
Wf function. 
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FIG. 3. 100/Wf vs 100/Xf plot. 

1 0  

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

In the present case, the hf/h s r a t i o o f  1.085 was found 
by regression analysis. Assuming this hf/h s ratio, the fat 
content  by wcight, Wf, was calculated with Equation II1 
and the standard deviation between these values, and those 
given by the sample composition reported in Table I was 
calculatcd, obtaining an SD of-+ 0.5. 

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

d e t e r m i n a t i o n  in emulsions. Finally, it can be noted that 
�9 the t i m e  required for the analysis is about  20-30 rain if 6 
points, each of them obtained by the average ~)f 10 mea- 
surements, are taken to detect the longitudinal magnetiza- 
tion decay. 
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ERRATUM 

In "Effect of Dcgumming Conditions 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 rea& 
FIG. 3. Recovery of acetone insolubles from crude soybean 
o i I , � 9  Theory, acetone-insoluble content  crude oil. ~] Calcu- 
lated from phosphorus content  of degummed oil, A Experi- 
mental acetone-insoluble content  of hexane solubles. EIG. 
4. Effects of degumming parameters on phosphorus re- 
moval and acetone-insoluble content  of gums. 
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