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Abstract 
Wide line nuclear magnet ic  resonance (NMR) 

was used for fast  and  accurate determinat ion 
of the fa t  content and liquid-to-solid ratio of 
chocolate. The transi t ion range of solid to liquid 
was found to be extremely narrow. The temp ef- 
fect on the NMR signal is discussed and correction 
methods are suggested to tha t  effect. A method 
was developed for the separate determinat ion of 
but ter  fa t  and cocoa fa t  in addition to the total  
fa t  content determinat ion in lnilk chocolate. 

Introduction 

T H I S  P A P E R  I N T E N D S  t o  demonstrate  tha t  the method 
of wide line NMR can be used as a fast  and ac- 

curate method for  the analysis of fats  and oils in 
chocolate. 

Shaw, Conway and others (1,2) have shown the 
applicabi l i ty  of a wide line NMR method for  the 
determinat ion of moisture in various solids. Conway, 
Fcrren,  Chapman and others (3-6) have obtained the 
same degree of success in the determinat ion of the oil 
content of various substances. 

The success of this method lies in the fact  tha t  an 
NMR ins t rument  can differentiate between mobile hy- 
drogens as in liquids like water  or oil and bonded 
hydrogens, e.g., hydrogens which are pa r t  of a crystal-  
line substance like solid sugar, cellulose or solid fa t  
(7). The ratio of the two signals obtained f rom the 
NMR ins t rument  then can give the solid-to-liquid 
ratio of a given system like marger ine  or chocolate 
(5,6). 

In this work a method was developed to determine 
the total fat content and the solid-to-liquid ratio of 
chocolate at any temp. The actual analysis time is 
between 0.5 and 2 min and the results are obtained 
directly in percentage fat or liquid when the liquid- 
to-solid ratio study is done. 

Theory 
NMR is a form of spectroscopy, but  unlike other 

forms like IR, visible and UV, the energy levels are 
not built  into the molecules or atoms but  are created 
by an appl ied magnetic field. These are sometimes 
called magnet ic  Zeeman levels. The separat ion between 
these levels and consequently the resonance frequency 
for  transi t ions between them are a funct ion of the 
applied magnet ic  field. The energy levels created by  
applied magnet ic  field are formed at  the mlclear  level 
ra ther  than  at  the atomic or molecular level as in UV 
or IR. 

The resonance frequency lies in the megacycle range, 
and can be calculated if the applied magnet ic  field, 
tic, is known by  using the following formula,  

o, = ~Ho [1]  

where y is the magnetogyrie  ratio of the nucleus. Each 
magnetic  nucleus has a unique value for  ~ and these 
have been tabulated (8). 

In  the present  experiments,  the proton resonance of 
the oils was observed and the proton ~ value is 4.258 
Mc/Kilogauss.  

In  a basic NMR spectrometer  the desired f requency 
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is supplied by  a radio f requency oscillator to a small 
coil which is wound around a cylindrical tube. A t  
resonance, the inserted sample absorbs energy which 
is subsequently dissipated to the surroundings  as 
thermal  energy. The absorption of energy is detected, 
amplified and recorded on a graphic recorder. The 
amt  of energy absorbed is proport ional  to the number  
of nuclei and so by in tegra t ing the absorption curve, 
quant i ta t ive information can be obtained on the num- 
ber of nuclei in a given system. In  our case the nmn- 
ber of hydrogens served as a quant i ta t ive measure 
of the number  of molecules of fat ,  given, of course, tha t  
the number  of hydrogens/molceule of cocoa fa t  is 
constant which is the case to a very good approxima-  
tion. 

E x p e r i m e n t a l  

The ins t rument  used in this exper iment  is the 
Var ian  PA-7 wide line NMR with V-4221 in tegra tor  
and V-4220 variable temp accessory with temp range 
-175-250C.  The proton signal was observed at a 
f requency of 7.313 me using a field s trength of 1717 
Gauss. 

Four teen  samples were chosen to give a wide range 
of different kinds of chocolates ; eight were dark choco- 
late and six were milk chocolate. The samples were 
divided into two groups;  in one group CC14 was used 
as solvent while in the other group the samples were 
run  without solvent at 24 and 80C. The details of the 
experimental  results are tabulated in Table I. Solid 
samples were p repared  as cylinders made by using 
a cork borer in the solid chocolate chunks. The piece 
so taken was pu t  inside the sample tube. 

The signal obtained by the PA-7 is the first deriva- 
tive of the absorption curve. F o r  quant i ta t ive analysis 
where the V-4221 in tegra tor  is used, the first deriva- 
tive signal has to be overmodulated. In  this ease each 
pa r t  of the first derivative curve resembles the original 
absorption curve and the integrated signal is propor-  
tional to the number  of protons present  (see Fig. 1). 

The accuracy of the PA-7 is +--1% fulI scale. In  
the present  experiment  this amounts to 0.15-0.30% 
fat. This accuracy is fa r  bet ter  than tha t  of the aver- 
age chemical methods. The same sample run  by two 

T A B L E  I 

P e r c e n t a g e  F a t  and  N2vIR S igna l  of V a r i o u s  Chocolates a 

I 
Sample  1 %  F a t  

DCI . . . . . . . . . . . . . . . . . . . . . . . . . .  
DC2 .. . . . . . . . . . . . . . . . . . . . . . . . .  33 .1  
DC3 .. . . . . . . . . . . . . . . . . . . . . . . . .  36 .9  
DO4 . . . . . . . . . . . . . .  41 ,6  
IV[C1 .. . . . . . . . . . . . . . . . . . . . . . . . .  31 .2  
MC2 .. . . . . . . . . . . . . . . . . . . . . . . . .  32 ,8  
MC3 .. . . . . . . . . . . . . . . . . . . . . . . .  ~ 31 .7  
DC1C ... . . . . . . . . . . . . . . . . . . . .  32 .6  
D C 2 C  .. . . . . . . . . . . . . . . . . . . . . .  33 .3  
D C 3 C  ... . . . . . . . . . . . . . . . . . . . .  37 ,1  
DC4C ... . . . . . . . . . . . . . . . . . . . .  41 ,9  
MC1C ... . . . . . . . . . . . . . . . . . . . .  31 .1  
MC2C ... . . . . . . . . . . . . . . . . . . .  32 .9  
MC3C ... . . . . . . . . . . . . . . . . . . . .  31 .9  

N M R  s igna l  b 

2 4 C  8 0 C  

5 1 . 0  4 1 . 0  
52 .5  4 2 . 0  
59.0  46 .0  
70.0  53.0  
94.0  40 .0  

116 .0  44 .0  
132 .0  44 .0  

50 ,5  
51 .0  
59.0  
66.0  
50 .0  
52.0  
51.0  

D e s c r i p t i o n  

D a r k  chocolate  
D a r k  chocolate  
D a r k  chocolate 
D a r k  chocolate 
Mi lk  chocolate 
Mi lk  chocolate 
Mi lk  chocolate  
D a r k  chocolate  in  CCl~ 
D a r k  chocolate  in  CC14 
D a r k  chocolate  in  CCl4 
D a r k  chocolate in  CCl+ 
Mi lk  chocolate in  CClt 
l~ i lk  chocolate in  CCl+ 
Mi lk  c h o c o l a t e  i n  00!+ 

a The  chemical  ana lys i s  of the  samples  p e r f o r m e d  by Cur t i s  & Tomp- 
k ins ,  Ltd . ,  S a n  F ranc i s co ,  Calif ,  

b I n s t r u m e n t  P a r a m e t e r s :  
I~F a t t e n u a t i o n  28 db T i m e  cons tan t  2 sec  
Modula t ion  amp] i tnde  0.5 gauss  R e a d o u t  mu l t i p l i e r  10 
Sens i t i v i ty  200  S igna l  m u l t i p l i e r  5 
Sweep  a m p l i t u d e  1 gauss  ThreshoId  0 .1  my 
Sweep  t ime  2 mi l l  W e i g h t  se t t ing  As re t lu i red  
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Fro. I. An overnlodulated first derivative spectrum of the 
PA-7. Each part of the first derivative signal is proportional to 
the absorption curve. The vertical line at the end of the run 
represents the :integral or the area under the two curves. 

different  laborator ies  gave resul ts  tha t  differed some- 
t imes by more t h a n  1.0%. 

D i s c u s s i o n  

Percentage Liquid in Chocolate. F o r  exper imenta l  
a n d  convenience reasons, i t  is easier to de tern l ine  the 
percentage  l iqu id  in  a sample t h a n  to de te rmine  the 
percentage  solids or l iquid-to-sol id ratio. However,  
by  basic a r i thmet ica l  man ipu l a t i ons ,  the above two 
paramete r s  can be obtained.  

~DC iN CCI 4 (c] 

60 ~ ~ " / " " ~  DC AT 80°C (b) 

5O 

~. 40  - 
E ...-.-.-DC AT24°C  (a) 

O: 
ZO 

KI 

0 I i I I ,J I I 
30 32. 34 36 38 4 0  42 4 4  

%FAT 
FIG. 3. A p ] o t  Of the area under the curve vs. the percentage 

cocoa fat. The upper curve is Of dark chocolate dissolved in 
CCh at 24C ; the middle curve is of whole dark chocolate at 80C ; 
and the lower curve is of whole dark chocolate at 24C. 

The percentage  solid in  the to ta l  samples is s imply  

S : 100 - L [2] 
where S is the percentage  solids a nd  L is the percent-  
age l iquid.  

The l iquid-to-solid rat io is t hen  
L L 
S - 100 -- L [3] 

The percentage  l iqu id  of the fat. p resen t  in  a given 
sample  can be obta ined  f rom the fol lowing f o r m u l a :  

L × F  
Percen tage  l iqu id  of fa t  in  sample  - 100 [4] 

where L is as defined, and  F is the percentage  fa t  in  
the sample, ob ta ined  as descr ibed in  the second p a r t  
of the discussion. 

I t  should be stressed, however, tha t  in  ac tua l  prac-  
tice, i f  l iquid-to-solid rat io is desired, for  example,  a 
ca l ib ra t ion  curve can be made as to read the above 
fac tor  direct ly ,  even though  the  i n s t r u m e n t  s ignal  
is a f unc t i on  of the l iqu id  phase. This is because of 
the simple re la t ionships  between the percentage  l iqu id  
a n d  the l iquid-to-solid rat io a n d  the percentage solids 
as described by  fo rmulas  2, 3 a n d  4 above. 

I n  this expe r imen t  the l iqu id  conten t  of a sample 
of da rk  chocolate was de te rmined  in  the range  - 3 0 -  
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:FIG. 2. Percentage liquid in dark chocolate vs. temp. Note 
the small slope of part ~a  ~ and the sudden increase in 
liquid-to-solid ratio represented by part '~ b. '  ~ The exponential 
line shape, part " c "  is due to the temp effects on the NMR 
signal. 
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FIG. 4. The N M R  signal of clark chocolate (sample 3X) vs. 
temp. 
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T A B L E  I I  

N M R  Signa l  Correc ted  for  T e m p e r a t u r e  Effects  

Sample  

l X  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2X ................................. 
3X ................................ 
1Xe ............................... 
2Xe  ............................... 
3Xe . . . . . . . . . . . . . . . . . . . . .  

N M R  s igna l  

35C 8OC 

43.0 
46.0 
50,0 

47.5  
50,0 
55.5 

N M R  s igna l  
cor rec ted  to 
m&xilnUlU 

s igna l  

48.0 
51.0 
55.0 

T A B L E  I I I  

B u t t e r  and  Cocoa F a t  Content  of Milk Chocolate 
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NMI~ 
o oa N M R  s igna l  a NMI~ % C c % B u t t e r  • Sample  h~,~÷~ r ~ , mgnal  cocoa b u t t e r  

. . . . . . .  a~ 24C fa t  ] f a t  
t 24C 

M c 2  . . . . . . . . . . . . . . . . . . . .  26.~ 7.2 116 ~0 77 
MC3 . . . . . . . . .  22.1  11 2 132 31 101 

a The  va lues  g i v e n  in th i s  co lumn w e r e  ob ta ined  by  m u l t i p l y i n g  the  
va lues  de r ived  f r o m  ;he ca l ib ra t ion  c a r v e  a t  24C by  a n o r m M i z i n g  f ac to r  
of 2. 

56C and the results are presented in F igure  2. I n  pa r t  
" a "  of the curve (range - 3 0 - 2 3 C )  a very  small 
change of the liquid content with change in temp can 
be seen. In  pa r t  " b "  (23-35C) a s tr iking change 
can be seen indicating a sharp melt ing range so typical  
for cocoa fat. The exponential  decrease in pa r t  " e "  
(over 35C) is due to the fact  that  the NMR signal 
is inversely proport ional  to the absolute t emp;  which 
means that  a small correction factor  should be applied 
if samples are run  at  various temp. This point  was 
demonstrated experimental ly  in the second pa r t  of the 
experiment  where the actual  fa t  content of chocolate 
samples was determined. The correction factor  can be 
determined easily by running  a saniple of oil dissolved 
in CC14 at  various temp and plot t ing the results. 

I t  was found tha t  the percentage liquid of milk 
chocolate a t  room temp is much higher than  that  of 
dark chocolate. This was mainly  a t t r ibuted to the 
presence of bu t te r  f a t  in the chocolate, a fact  which 
tends to increase the liquid fract ion of the sample and 
accounts for  the high N3IR signal obtained at  room 
temp for  milk chocolate. This point  is discussed in 
detail later  on. 

Fat Content of Chocolate. As we said in the intro- 
duction, an obvious appl icat ion of wide line NMR is 
to the quant i ta t ive  determinat ion of fa ts  in chocolate. 
In  the present  experiment  the fa t  content of various 
chocolates was determined. F igure  3 exhibits ex- 
treme l ineari ty which is an indication of the accuracy 
of the method. The lines for  pure  chocolate at  80C and 
chocolate in CC14 show the same l ineari ty and slope. 
The line would have overlapped if the two sets of 
experiments had been run  at  the sanle temp. This 
fact  was i l lustrated by an experiment,  summarized in 
Table I I ,  where six samples were analyzed. Three of 
the samples were pure  chocolate samples and the other 
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Fm. 5. N M R  a r e a  a f t e r  c o r r e c t i o n  f o r  c o c o a  fat c o n t e n t  v s .  
p e r c e n t a g e  b u t t e r  f a t .  

three were the same samples dissolved in CC14. Sam- 
ples 1X, 2X and 3X were run  at  80C, and samples 
]Xc,  2Xc and 3Xc were run  at 35C. Sample 3X served 
as the control sample for  the temp s tudy plot ted in 
F igure  4. 

I t  can be seen that  if  the values obtained at  80C 
are corrected to 35C, the corrected values are equal, 
within the experimental  error,  to the values obtained 
for  the same samples in CC14 at  35C. The dotted line 
in F igure  4 shows the behavior of a sample in a case 
where there is only a temp effect and no change in 
solid-to-liquid ratio. 

In  Table I, values are also reported of the NMR 
signal of various chocolates at  room temp (24C). I t  
can be noted tha t  the percentage liquid of the milk 
chocolate is higher at  that  temp. This is due, as men- 
tioned before to the but te r  f a t  present  in the milk 
chocolate. Actually,  the but te r  f a t  content can be 
determined direct ly by the NMR method using the 
calibration curve of dark  chocolate. The results of 
such a s tudy  are tabulated in Table I I I .  I n  the case 
at  hand the percentage fa t  was known before so the 
NMR signal due to the cocoa fa t  was found f rom the 
extrapolated g raph  3(a) .  This value in t u rn  was 
subtracted f rom the total  signal at  24C and the re- 
sult ing signal was plotted to give F igure  5 - - the  per- 
centage but te r  fa t  in the milk chocolate. In  practice 
the percentage fa t  is the unknown. In  tha t  case the 
percentage but ter  fa t  can be found if the following 
formula  is used in conjunction with the calibration 
curve in F igure  5. 

B = (A24 -- 0.24A35)/0.76 [5] 
Formula  5 was obtained f rom the solution of two 
simultaneous equations where B is the corrected NMR 
signal reading for percentage but ter  fat, A24 the NMR 
signal at 24C, A35 the NMR signal at 35C. The value 
B then is read on the calibration curve to give the fa t  
content in percentage. 

With  careful  handl ing of the experimental  tech- 
nique the total  f a t  can be found also f rom F igure  
3 (a )  provided one assumes that  the Iiquid-to-solid 
rat io is always constant for  a given temp (24% ac- 
cording to F igure  2). 

A C K N O W L E D G M E N T S  

Ass i s t ance  in  p r o v i d i n g  the  samples ,  a n d  helpful  s u g g e s t i o n s  a n d  dis- 
cuss ions  f r o m  M. Cox, C a d b u r y  B r o t h e r s  a n d  ¥ .  T a k a h a s h i ,  Gh i ra rde l l i  
Chocolate Go. 
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