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Abstract  

A quanti ta t ive s tudy of the effect of various 
heat t rea tments  on methyl  ketone format ion in 
butteroil  was conducted. Methyl ketone formation 
was found to follow first-order reaction kinetics. 
The energy of activation was calculated to be 
approximate ly  26.55 kcal/mole. The ketones were 
formed in a fair ly  constant molar ratio approx-  
imat ing to the following C15,2 :C13,1 :Cl1,1 :C9,- 
1 :C7,2:C~,1. The temperature- t ime conditions had 
little or no effect on the ratio. 

Introduct ion  

I T I-IAS B E E N  W E L L  E S T A B L I S H E D  by a number  of dif- 
ferent  techniques tha t  a series of odd-numbered 

( f rom C5 through and including C1.~) methyl  ketones 
can be produced in but ter fa t ,  butteroil  or some fat- 
containing dairy  products  when the proper  heat treat- 
ment  and exposure is applied (1,4, 6-11,14,15). 
Tempera tures  in the vicinity of 100C produce the 
ketones relatively rapidly.  Lower temperatures  re- 
quire longer exposure periods, (31) whereas saponi- 
fication causes rapid  appearance of the ketones (11). 
Even mild thermal  exposure (i.e., 40C) under  reduced 
pressure, conditions which are widely utilized for the 
isolation of flavor volatiles, may produce the ketones 
as ar t i facts  (7). 

The precursors of the methyl  ketones in but te r fa t  
have been identified as a series of fl-keto esters (14) 
and more specifically as fl-keto acid-containing gly- 
eerides (10). This being the case, hydrolysis of the 
fi-keto acid f rom the glyceride is a prerequisite for  
methyl  ketone format ion;  thus, sufficient water  must  
be present  in the fa t  for  the phenomenon to occur 
(6,14). 

To the au thors '  knowledge no repor t  has appeared 
describing a parallel  si tuation in other fats  and oils 
and bu t te r fa t  may  be unique in this regard.  

Although the format ion of methyl  ketones in but ter-  
fa t  has been known for some time, no fundamenta l  
work has been doemnented to date on the kinetics of 
thermal  breakdown of the p recu r so r s .  Adequate 
methods for quant i ta t ive carbonyl analysis developed 
in this Labora tory  (12) lend themselves readily to a 
s tudy of this type and form the basis of this 
manuscript .  

Exper imenta l  
Preparation of Butteroil 

Butteroi l  was p repared  by churning fresh cream 
(from mixed herd milk, Beltsville, Md.),  melt ing the 

resulting but ter  at 40C and centr i fuging the oil layer 
until  clear. Twelve millili ter portions of the oil were 
t ransfer red  to 15 ml  ampoules with a hypodermic 
syringe, ni trogen bubbled through the oil for  10 min 
and the ampoules sealed immediately and stored at 
- 1 8 C  until  needed. Adequate precaution was exer- 
cised to insure tha t  none of the oil was exposed to 
the heat of the flame dur ing the sealing operation. 

Heat Treatment of Butteroil 
The ampoules were incubated at 115C, 100C, 77C 

and 50C in a constant  tempera ture  bath  or room for  
various periods of time. At  the end of the desired 
exposure period the ampoule was removed and either 
analyzed immediately  or stored at - 1 8 C  unti l  needed. 

Analysis of Methyl Ketones 
For  the analysis of methyl  ketones produced in a 

heated sample, the ampoule was crushed under  
carbonyl-free hexane (13), and the solution passed 
over a column of Celite impregnated  with a phos- 
phoric acid solution of 2,4-dinitrophenylhydrazine as 
described by  Schwartz  and Parks  (13). The amount of 
oil having passed over  the column was determined by 
weighing the residue from an aliquot of the effluent. 
The remainder  of the procedure for the isolation and 
fractionation of the 2,4-dinitrophenylhydrazone deri- 
vatives was conducted as described by  Schwartz et al. 
(12). Briefly, the derivatives in the fat-hexane solu- 
tion were adsorbed onto a column of Seasorb 43: 
Celite 545 (1:1) and  the fa t  washed through with 
hexane. The hydrazones, adsorbed as a purple  band, 
were desorbed with 25% ni t romethane in CHC13 and 
the solvents removed under  a s t ream of N2. The 
residue was taken up  in hexane and passed over a 
column of 6% hydra t ed  alumina. The classical mono- 
carbonyl fract ion (containing the methyl  ketones) was 
selectively cluted wi th  a benzene:hexane (1:1) solu- 
tion. The residue obtained af ter  evaporat ion of the 
solvents was taken up  in CHCla  and separated into 
classes on Seasorb 43: Celite 545 (1:1) using a 
gradient  of MeOH in CHCla.  The methyl  ketone band 
(gray on the column) was collected and the anmunt 
present determined speetrophotometr ical ly  in CHCI3 
at 362 nl~ using a molar  absorpt ivi ty  of 22,500. 

Resolution of the methyl  ketone f ract ion into its 
individual components  was carried out by liquid- 
liquid column par t i t ion  chromatography  in the 
acctonitrile-hexane system as described by Corbin 
et al. (2). The C15 and  C13 ketone bands which do not 
completely separate  in this system were eolleeteJ and 

T A B L E  I 
Effect of Tempera tu re  and Time on Methyl Ketone Format ion  in Butteroi l  

Tempera tu re  

50C 77C 100C 115C 

Time, 
h r  

Methyl 
ketones, 

Izmoles/10 g 

Methyl Time. IV[ethyl 
Time, ketones, hr  ketones,  

h r  temoles/10 g temoles/10 g 

Methyl 
Time, ketones, 

hr  temoles/10 g 

336 
1008 
2352 

2.49 
6.09 
8.13 

17 2.01 1 2.52 .25 2.23 
41 3.53 3 4 .16  1.0 4.60 

161 8.71 5 5.38 3.0 9.20 
218 9.00 8 7.24 7.0 11.00 
264 9.80 16 10.40 24.0 11.90 
504 11.10 24 11.20 

92 11.80 

]28 
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Fro. 1. First  order reaction plot of methyl ketone formation 
in butteroil at 100C. 

resolved by reverse-phase liquid-liquid part i t ion chro- 
matography on silaned Celite using dodecane as sta- 
t ionary phase (6 ml on 15 g silaned HyFlo  SuperCel 
prepared according to Howard and Mart in (5))  and 
85% acetonitrile-15% as mobile phase. The concen- 
t rat ion of the individual ketones isolated in both chro- 
matographic procedures was determined spectropho- 
tometrically in chloroform using a molar absorptivity 
of 22,500 a t  362 m~. 

Results and Discussion 

An analysis o f  the experimental results assembled 
in Table I showed the formation of methyl ketones 
to be kinetically of a first order type and could be 

- d c  
expressed mathematically by ~ -- kc where c is the 

concentration of the reacting precursor. The pro- 
port ionali ty constant k is the specific reaction rate or 
rate constant. 

A more Convenient form for expressing the above 
dx 

differential rate equation is - - ~ - =  k (a -x )  where a 

is the initiaI concentration and x is the amount of 
product  formed at time t. At time t, a -x  is the con- 
centration of the reactant remaining. Upon integra- 
tion and rearranging of terms, a more useful equation 
is obtained as follows: 

k -- 1 In (a -- Xl) 
t2 -- tl  (a -- x2) 

The above equation, suitable for calculating k between 
any time intervals can be simplified by making t l  
equal to zero time. After  this modification the equa- 

tion becomes reduced to k = 1 In a t ( a - - x ) "  Using 

this equation and plott ing each value of In  a / ( a - - x )  
against each value of t, the slope of a straight line 
corresponding to the reaction rates at 50C, 77C, 100C 
and 115C was Obtained. An example of bow well the 
experimental data fit the above equation is shown in 
Figure  1 for the reaction rate at 100C. Reaction rates 
at the four studied temperatures are given in 
Table II. 

The energy of activation for the formation of 

TABLE II 
Specific Reaction Rates of Methyl 

Ketone Formation 

Temperature,  Reaction rate 
C k (see-1) 

50 1.16 X 10 -7 
77 1.68 X 10 -6 

100 3.39 X 10 -5 
115 9.80 X 1O -5 
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FIG. 2. Energy of activation plot for methyl ketone forma- 
tion in butteroil. 

methyl ketones was obtained from the reaction rate 
constants using the Arrhenius equation. The equation 
relating the energy of activation to reaction rate is 
as follows: k - - A e  -E/RT. Taking the logarithms of 
the equation there is obtained the following form:  

log k = l o g  A 2.303-1%T " A plot of log k against 

] / T ,  shown in F igure  2 illustrates the validi ty of 
the Arrhenius equation in the temperature  range 
studied. The slope being equal to -E/2.3031%T was 
used to calculate the energy of activation for the for- 
mation of methyl ketones. A value of 26.55 kcal/mole 
was obtained. 

Analyses of the methyl  ketone hydrazones isolated 
from the heated fa t  samples showed that  the ketones 
were formed under  any t ime-temperature conditions 
in a fair ly constant molar ratio. This ratio approxi- 
mated very  closely to the following: C1~,2:C13,1:Cll, 
1 :C9,1:C7,2:C5;1, f or this par t icular  fat. Analyses 
of other butteroil samples indicated that  this ratio 
prevailed in almost all instances, although slight de- 
viations were noted. In all cases, however, the C15 
and C7 ketones were produced in greatest amounts, 
an observation recorded several times in the litera- 
ture (6,14).  

The maximum potential  of this part icular  sample 
of butteroiI to produce methyl ketones was of the 
order of 1.2 ~moles per gram or butteroil. Analyses 
of some other samples of butteroil  in this Laboratory 
indicated maximum potentials of from 0.4 to 0.6 
~moles per gram. Langler  and Day (6) give a value 
of approximately 1.7 ~moles per gram on the sample 
of butteroil  which they analysed. Considerable varia- 
tion in the potential of different samples of butteroil  
to elaborate methyl ketones may, therefore, be ex- 
pected to occur. 
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