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HOCOLATE eontains about 30% by weight of cocoa 

fat. This fat, also known as cocoa butter,  con- 
sists of two glyeerides, 2-oleopalmitostearin and 

2-oleodistearin, about 57 and 22% by weight, respec- 
t ively (1, 3). The unusual  composition of cocoa fa t  
impar ts  to ehoeolate unique properties.  Chocolate is 
quite hard  and brit t le at room tempera tures  below 
about 78~176 yet, when eaten, it melts in 
the mouth quickly and completely, producing a pleas- 
ing sensation. 

Unfor tuna te ly  at summer  tempera tures  above about 
82~176 chocolate bars become soft and will 
not re tain their  shape;  fa t  leakage tends to occur. 
Because of this physical instabil i ty at summer tem- 
peratures,  confectioners in the United States curtail  
chocolate product ion dur ing the summer months. 

Chocolate-type confections, which contain hard  fats  
in addition to eoeoa fat, are produced dur ing  summer 
as well as other seasons of the year. The hard  fats  
added in such confections are mainly  par t ia l ly  hydro-  
genated donlestie oils or imported laurie acid-type oils 
or mixtures  of these. Almost invar iably  the hard  fats  
which are added are composed of numerous  types of 
glyeerides which differ in f a t ty  acid eomposition and 
configuration f rom those found in cocoa fat. Such 
added fa t  mixtures f requent ly  will soften and melt 
over a relat ively wide tempera ture  range. Also such 
fa t  mixtures will increase the melt ing and softening 
range "of the cocoa fa t  in chocolate-type confections. 
Thus the use of a par t ia l ly  hydrogenated oil or a 
laurie aeid-type oil is not the ideal solution to improv- 
ing the physical propert ies  of chocolate. 

A reasonably good solution to the problem would 
be the incorporat ion in the chocolate of a minor 
amount  of some mater ial  which would not impair  the 
eating quali ty yet would give r igidi ty  to the mass and 
re ta rd  fa t  leakage should the ambient  t empera ture  
exceed the softening point of the cocoa fat. 

To find a suitable additive, numerous compounds 
and products  were tested. Included were dextrins, 
starch, na tura l  gums, protein preparat ions,  f a t ty  
acids, f a t t y  acid esters of sugars, different glycer- 
ides, emulsifiers, and various combinations of these. 
Of the compounds and products  tested completely 
hydrogenated cottonseed oil, eompletely hydrogen- 
ated coeoa butter,  and similar fa ts  per formed best. 4 

Completely hydrogenated eottonseed oil was found 
to be par t icu lar ly  well suited in a number  of respects. 

When completely hydrogenated cottonseed oil crys- 
tallizes in liquid cocoa butter ,  the crystals are minute  
and probably  some are submicroscopic in size. At  

P r e s e n t e d  at the 49th  A n n u a l  Meet ing,  A m e r i c a n  0 i l  Chemis t s '  Soci- 
ety, Memphis ,  Tenn . ,  Apr i l  2 1 - 2 3 ,  1958. 

F r o m  w o r k  suppor ted  in  p a r t  by funds  f rom the Q u a r t e r m a s t e r  
Food and  Con ta ine r  Ins t i tu t e ,  Chicago, Ill. 

a One of the labora tor ies  of the  Sou thern  Ut i l i za t ion  Resea rch  and  
Deve lopmen t  Divis ion ,  Agr i cu l t u r a l  Resea rch  Service,  U. S. Depar t -  
m e n t  of Agr i cu l tu re .  

4 F o r  the  pu rpose  of this  d i scuss ion  the t e r m  "completely hydro-  
g e n a t e d "  will r e f e r  to oils h y d r o g : n a t e d  to an  iodine va lue  of about  1 
and  below, a level which  can  be reached  wi thou t  u n d u l y  p ro long ing  the  
h y d r o g e n a t i o n  react ion.  

ordinary  rates of format ion the crystals remain sus- 
pended in the liquid oil, and at a solids content of 
10-12% a shortening-like consistency is attained. 

The completely hydrogenated cottonseed oil, melt- 
ing point above 61~176 is quite insoluble in 
cocoa but ter  at  the melt ing point  of the latter,  which 
is 33-35~176 While the exact solubility 
was not determined, it is undoubtedly almost identical 
with that  of completely hydrogenated cottonseed oil in 
cottonseed oil as shown in F igure  1 (4). The solu- 
bili ty of a hard  fa t  in a liquid oil is relat ively inde- 
pendent  of the nature  of the liquid oil. 
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F I G .  1. S o l u b i l i t y  o f  ( A )  h y d r o g e n a t e d  c o t t o n s e e d  o i l  ( i o d i n e  
value 1.1) i]~ cottonseed oil and (B) tristearin in triolein. 

The presence in eompletely hydrogenated cottonseed 
oil of essentially only a few triglycerides, tr istearin,  
and some palmitostearins is a contr ibuting factor  in 
the low solubility observed, t towever  the major  fac- 
tor is the nature  of the triglycerides. The completely 
hydrogenated cottonseed oil is soluble in cocoa but ter  
at 35~176 only to the extent of a f raet ion of 
1%. Such a solubility is in this ease apparen t ly  too 
low for  the dissolved fa t  to interfere signifieantly 
with the softening range and melting eharacteristies 
of the coeoa fa t  in chocolate. Also this slight solubil- 
i ty  does not interfere significantly with the seeding, 
solidification, and temper ing  of the cocoa fa t  in the 
manufac ture  of chocolate. 

On the basis of the considerations just  mentioned, 
it is apparen t  that  the addit ion of a relat ively small 
quant i ty  of completely hydrogenated oil to chocolate 
will improve heat  resistance. This technique might  
even be used to improve the heat resistanee of ehoco- 
late-type eonfeetions. The object of the present  s tudy 
was to ascertain to what degree the addit ion of hard  
fa t  improves heat resistance and affects other impor- 
rant  propert ies  of chocolate. 



JAN. 1959 G U I C E  E T  A L . :  H Y D R O G E N A T E D  ]J~ATS 

TABLE I 
Composi t ion of Chocolate and  Chocolate-Type B a r s  E v a l u a t e d  by Taste  Pane l  

Composit ion,  ~ wt.  % 

C ompletely 
Sample  No. N o n f a t  :Milk Chocolate Cocoa h y d r o g e n a t e d  

S u g a r  mi lk  solids, l iquor  butter cottonseed 
solids whole oil 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

42 .3  
42 .3  
44 .1  
49 .7  
47 .1  
4 7 . 6  
47.3  
4 7 . 6  

15,5  
15.5  
16,2 

9,0 
8.7 
8,7 
8.6 
8.7 

0.0 
O.O 
0 .0  
3.8 
3.7 
3.8 
3.8 
3.8 

( 1 7 . 0 )  e 
( 1 7 . 0 )  e 
17.1 
10 .4  
10.1  
10.0  

9.9 
10.0  

( 2 3 . 4 )  d 
( 2 3 . 4 )  e 

19.1 
27 .1  
26 .5  
26 .2  
26.2  
26.3  

1 .34 
( 1 . 3 4 )  f 
(~ .0 )  f 
0.0 
3.1 
3.1 
3.1 
3.1 

Emuls i -  
t ier  b W a t e r  

0.5 0.0 
0.5 O.0 
0.6 0.0 
0.0 0.0 
0.0 0.0 
0 .63 O.0 
0 .62  0.8 
0 .00  0.8 

a Sal t  and  van i l l i n  added to Samples  1 3 to obta in  good f lavor .  Sample  4 was a commerc ia l  sweet  mi lk  chocolate,  coa t ing  type, c o n t a i n i n g  van i l l i n  
and  a r t i f i c ia l  f lavoring' .  Samples  5 8 ob ta ined  by add i t ions  to Sample  4. 

b A fa t ty  acid  es ter  of polyglyeerol .  
e Cocoa p o w d e r  ( 1 5 %  fa t )  subs t i tu ted  in i n d i c a t e d  q u a n t i t y  for  chocolate  l iquor .  
~l Commerc ia l  candy  fat ,  m.p. 1 1 8 . 8 ~ 1 7 6  used in  q u a n t i t y  shown.  
e Commerc ia l  candy  fat ,  m.p. 9 5 . 5 ~ 1 7 6  used  in  q u a n t i t y  s h o r n .  
f Completely h y d r o g e n a t e d  cocoa bu t t e r  used  in  quan t i t i e s  shown.  

Eating Quality an~ Appearance 
Poor mouthing quali ty is one objectionable result  

of incorporat ing a substantial  quant i ty  of high-melt- 
ing fa t  in chocolate-type confections. I ts  manifesta-  
tion is a waxy feel in the mouth and an apparen t  lack 
of melt ing when the confection is eaten. To determine 
at what level poor mouthing quali ty appears  when a 
completely hydrogenated oil is added to chocolate, 
a series of tests was made with a chocolate of the 
following weight composition: sugar, sucrose 45.7%; 
nonfat  milk solids 16.9%; cocoa but ter  19.7%; and 
chocolate liquor 17.7%. Chocolate liquor, the roasted 
and ground meats of cocoa beans, contains about 54% 
fat  by weight. Hence the total amount  of cocoa fa t  in 
the above formulat ion was about 29%. 

Amounts  of completely hydrogenated cottonseed oil 
ranging f rom 2-20%, based on the weight of cocoa 
fat, were mixed into the chocolate at a t empera ture  
just  above 60~ While mixing was continued, the 
mass was cooled. ,Just before becoming too stiff to be 
molded,  the mass was seeded with a small amount  of 
cocoa bu t t e r ;  the quant i ty  used was included in the 
formula  given above. The molded bars were cooled 
in the ref r igera tor  for  1 hr. at about 5~176 and 
then were tempered fu r the r  by storing them over- 
night at room tempera ture  (about 26~ or 79~ 

Those chocolate bars containing about 10% or less 
of completely hydrogenated cottonseed oil, based on 
the total weight of cocoa fat, had a good mouthing 
quality. At  a 5% level the mouthing quali ty was 
pract ical ly indistinguishable f rom that  of a control 
containing no hydrogenated cottonseed oil. At  a 15% 
level waxiness was definitely present  while at a 20% 
level it was quite marked. 

The appearance  of the bars was generally good. 
The gloss was about the same as that  of the control. 

Tests were made to determine whether or not the 
t empera ture  at which the bars were molded had a 
significant effect on the mouthing quality. Increasing 
the molding tempera ture  up to 60~176 pro- 
duced no adverse effect on this proper ty .  Decreasing' 
the t empera ture  below that  normal ly  used produced 
bars of a gra iny s t ructure  but  did not increase the 
degree of waxiness. 

The degree ;of waxiness could definitely be de- 
creased by addition to the chocolate of a small amount  
of emulsifier, 1 -2% on a total  fat  basis. Several types 
of emulsifiers were effective, including soybean leci- 
thin and a f a t ty  acid ester of polyglycerol (Drumulse 
536 R, E. F. Drew Company).~ Emulsifiers also have 

I t  is not  the  policy of the D e p a r t m e n t  to r ecommend  or endor se  the 
p roduc t s  of one company over  s imi l a r  p roduc t s  m a n u f a c t u r e d  by others .  

the desirable effect of reducing the viscosity of melted 
chocolate (5). 

The mouthing qual i ty  of chocolate containing com- 
pletely hydrogenated cottonseed oil aud an emulsifier 
could be improved even more by  the addition of 
about 2.5% water, based on the total weight of fat. 
However  the addit ion of water  markedly  increased 
the viscosity of the melted chocolate. Also chocolate 
bars containing moisture tended to have a grainy 
s t ruc ture  and to develop sugar  bloom on tempera tnre  
cycling. 

The results obtained with completely hydrogenated 
cottonseed oil were duplicated by  using other similar 
fats, including tr ipalmit in,  tristearin,  completely hy- 
drogenated soybean oil, and completely hydrogenated 
cocoa butter.  

To evaluate fu r the r  the several factors involved in 
for t i fy ing  chocolate and chocolate-type confections, a 
series of samples having the composition shown in 
Table I was prepared.  In  all instances the ingredients 
were heated to just  above 60~176 and well 
mixed. The seeding, molding, and temper ing proce- 
dure mentioned above was followed. Sample 4, the 
control, was a sweet milk chocolate, commercial  coat- 
ing type. Samples 5 8 were obtained by adding vari- 
ous combinations of hard  fat, emulsifier, and water  
to the sweet milk chocolate. The samples were tested 
at the Quar te rmas ter  Food and Container  Inst i tute.  
The results obtained are recorded in Table I I .  

The taste panel at the Ins t i tu te  gave the sweet 
milk chocolate an acceptance ra t ing of 7.3, based on a 
9-point qual i ty scale. Samples 3, 5, and 6 were given 
numerical  ratings, which indicated they were very  
good. According to the panel the use of emulsifier 
and water  in the formulat ions did not improve the 
quality. 

As an aid in in terpre t ing  the acceptance data, i t  
should be mentioned that  none of the panel  members 
were trained in either candy or fa t  technology. In  
the evaluation there may  have been a tendency to 
associate flavor and mouthing quaIity, and probably  
mouthing quali ty involves other factors than  the de- 
gree of waxiness. 

Holding the samples for 72 hrs. at 100~176 
was a severe test. At  this t empera ture  the cocoa fa t  
melted completely;  and bloom, which can be associ- 
ated with slow solidification in the absence of proper  
seed crystals, should be expected. Confections in- 
tended for  civilian use usual ly  are not subjected to 
a tempera ture  of 100~ 
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H a r d n e s s  

Hardness  determinations (Table I I )  are only ap- 
proximate ly  quant i ta t ive and to an appreciable degree 
are determinations of the viscosity or consistency of 
the mass. The t rue  hardness of chocolate at  tempera-  
tures below about 24~176 where the mass con- 
tains over 90% of solids, is also an impor tan t  factor  
in acceptability. 

To establish the effect on hardness of adding a 
small amount  of high melting fa t  to chocolate, a 
series of samples was prepared  in which completely 
hydrogenated cottonseed oil was added to sweet milk 
chocolate, coating type, at levels of 3, 7, and 10%, 
based on the weight of cocoa fat. The sweet milk 
chocolate used was the same as that  listed as Sample 
4, Table I I .  The several samples, including a control 
consisting of the sweet milk chocolate alone, were 
seeded, solidified, and tempered in the usual manner.  
Special care was taken to give all four  samples ex- 
act ly the same thermal  t reatment .  

Hardness  indices were determined by a modifica- 
tion of the Brine]l hardness test for  metals (2). In  
this modified test  a steel ball was pressed into the 
molded surface of the bar  with a force sufficient t o  
make only a slight impression, sometimes barely visi- 
ble to the eye. The hardness index in terms of kilo- 
granIs per  square centimeter was calculated f rom the 
area of the impression and the force used. The data 
obtained with the four  bars are recorded in F igure  2. 

The incorporat ion in the chocolate of the com- 
pletely hydrogenated cottonseed oil increased the 
hardness by very  moderate  amounts. At  all except 
one test t empera ture  the experimental ly  determined 
hardness indices increased as the propor t ion of hard  
fa t  increased. 

In  other hardness tests it was found that  the addi- 
tion of about 0.3% lecithin, fa t  basis, to a formulat ion 
containing 10% of completely hydrogenated  fat,  cocoa 
fa t  basis, lowers the hardness index about 25% at 
room temperature .  Molding tempera ture  also affects 
the hardness of a chocolate bar  containing completely 
hydrogenated  oil. Increasing the molding tempera-  
ture  f rom 35 to 60~ to 140~ can increase the 
hardness by about 80% at room tempera ture  of a 
bar  containing 10% of completely hydrogenated oil, 
calculated on a cocoa fa t  basis. 

Consistency 
To determine quantitatively the consistency of forti- 

fied chocolate at a temperature above the melting 
point of cocoa fat, the four samples represented in 
Figure 2 were tested by the cone penetration method 
af ter  various periods of t ime at 36~176 Also 
tested was a sample similar to Sample D except tha t  
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FIG. 2. H a r d n e s s  v s .  t e m p e r a t u r e  c u r v e s  f o r  ( A )  s w e e t  m i l k  

c h o c o l a t e ,  c o a t i n g  t y p e ,  a n d  ( B ,  C, a n d  D )  t h e  s a m e  m i l k  
c h o c o l a t e  a f t e r  a d d i t i o n  o f  3, 7, a n d  1 0 % ,  r e s p e c t i v e l y ,  o f  
c o m p l e t e l y  h y d r o g e n a t e d  c o t t o n s e e d  oil,  a d d i t i o n s  c a l c u l a t e d  o n  
t h e  b a s i s  o f  t o t a l  c o c o a  f a t .  

it contained 0.3% soybean lecithin, calculated on a 
cocoa fa t  basis. 

The cone penetrometer  and technique used were 
those specified in Method D 217-48 of the Amer ican  
Society for Testing Materials  except tha t  the weight 
of the cone and movable a t tachments  was 50 g. instead 
of 150 g. The test results are recorded in Table I I I .  
By  way of comparison, the cone penetrat ion value for  
margar ine  and dai ry  but te r  at room tempera ture  is 
about 160. Obviously chocolate can be made quite 
firm at 36~176 by  the addit ion of a limited 
amount  of completely hydrogenated oil. Based on the 
total weight of the chocolate, this amount  need not 
be over 3%. The simultaneous addit ion of a small 
amount  of lecithin, 0.1% based on the weight of the 
chocolate, counteracts to a small degree the effect of 
the addition of the hydrogenated  fat.  

While the for t i fy ing  of chocolate increases its stiff- 
ness and hence per formanc  e at summer  tempera tures  
of about 36~176 there are certain a t tendant  
disadvantages. In  the manufac tu re  of bars  the mass 
becomes so viscous at the solidification point of the 
cocoa fa t  that  p roper  seeding of the la t ter  becomes 
difficult. However  it  was found tha t  the cocoa fa t  
could be tempered without  pr ior  seeding by  cooling 
the chocolate mass rap id ly  to about 5~ (41~ then 
heat ing it r ap id ly  to about 31~176 and finally 
cooling it to room temperaturee.  S u c h  a t rea tment  
apparen t ly  did not produce much bloom. 

TABLE II 
T a s t e  Pane l  Eva lua t ion  and  Other Pe r fo rmence  Da ta  for  Chocolate and Chocola~ T)~pe B a r s  

For~nuta~ion No. 
P rope r ty  

T a s t e  panel  r a t ing  a 
Flavor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mouthing qual i ty  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Hardness  af ter  72 hrs .  a t  100~ 
(37.8~ b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fa t  leakage dur ing  72 hrs. at  100~ 
(37.8~ c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B l o o m  on  coo l ing  to  r o o m  t empera ture  
a f t e r  72 hrs  at  100~176 ............ 

5.5 6.6 
5.0 6.1 

H a r d  H a r d  

None None 

None None 

6.8 
7.1 

Fa i r ly  ha rd  

Slight 

Heavy  

7.3 
7.3 

Very sof t  

Heavy  

Heavy  

7.1 
7.1 

Moderately 
sof t  

lVIoderate 

Heavy  

6,9 
7.0 

Fair ly  ha rd  

Slight 

M o d e r a t e  

5.8 
6.0 

Fai r ly  ha rd  

Slight 

Slight 

6.1 
5.3 

Fai r ly  ha rd  

N o n e  

N o n e  

a Based on a 9-point qual i ty  scale, b J u d g e d  by touch.  J a d g e d  by Ieakage th rough  folds of wrapper .  
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FIG. 3. Consistency changes obtained on cooling while simul- 
taneously working chocolate and modified chocolate: (A) com- 
mercial, sweet milk chocolate, coating type, cooling rate 1~ 
rain.; (B) the same chocolate, cooling rate 1~ rain. below 
3g~ (C) the same chocolate with 10% of completely hydro- 
ge,mted cottonseed oil, cocoa fa t  basis, added, cooling rate 
1~ rain.; and (D) the same chocolate with 10% completely 
hydrogenated cottonseed oil and. 2% emulsifier, Drumulse 536 R, 
calculated on a cocoa fat  basis, added, cooling rate 1~ rain. 

Use of fortified chocolate for  coating and enrob- 
ing presents more difficult problems. The viscosity, 
even above the melt ing point of the cocoa fat,  is so 
high that  the applicat ion of thin coatings is impossi- 
ble with commercial enrobing machines. 

The viscosi ty- temperature data obtained on cool- 
ing sweet milk chocolate of the coating type, the 
same product  represented in F igure  2 and Table I I I ,  
and this product  af ter  fortification are presented in 
F igure  3. The data  were obtained with Plas tograph 
(Brabender  Corporat ion) ,  a machine which records 
the force required to mix or knead a plastic mass at  a 
constant rate and at controlled temperatures .  

F a t  L e a k a g e  

Because there is no general ly recognized test for  
quant i ta t ively measuring the rate  of fa t  leakage for 
products  like chocolate, shortening, and margarine,  
several logical test procedures were devised and evalu- 
ate& The one giving the most reproducible results 
was carried out as follows. A str ip  of No. 2 W h a t m a n  
filter paper  measur ing 0.4 • 4.0 cm. was placed on a 
1 • 3 in. microscope slide, to the underside of which 
had been taped a section of 1-mm. graph  paper  so 
that  distances along the str ip of filter paper  could be 
measured directly. A 0.5-cm. cube of the chocolate 
sample, whose rate of fa t  leakage was to be tested, 
was placed on one end of the str ip of filter paper,  and 
the remaining 3.5-cm. length of filter paper  was cov- 
ered with a second glass slide. The entire assembly 
was placed in a constant t empera ture  cabinet equipped 
with a glass door and maintained at the desired test 
temperature .  Fa t  leakage in millimeters was recorded 
at regular  time-intervals. To ensure obtaining the 
best possible results, samples of the same series were 
run  simultaneously by using s t r ips  of filter paper  cut 
f rom the same sheet. 

Data  obtained in one typical  series of samples tem- 
pered in exactly the same manner  are given in F igure  
4. These data indicate that  the rate of fa t  leakage is 
reduced by the addit ion of completely hydrogenated 
oil to a chocolate formulation,  the presence of enmlsi- 
tier has no appreciable effect on the rate, and the 
molding tempera ture  does affect the rate. On the basis 
of other data it also was found that  the manner  of 
solidification and degree of temper ing  of a chocolate 
sample influences the rate of fa t  leakage. 

TABLE III 

Effect of Addition of Comp|etely ]-Iydrogenated Cottonseed 
Oil on Consistency of iM[ilk Choco]at~ 

Sample a 

A ......... ~ ............ 

Amount of 
hydrogen- 
ated oil b 

Consistency, cone penetration, 
mm./10, on storage at 36~ 

(96.8~ 

4 hrs. 6 hrs. 72 hrs. 

o o > ~ -  . . . _ _  
30 163 16s 1 ~  
7.0 71 65 I 77 

10.0 51 51 t 45 
16.0 I 61 I 62 I 54 

Samples A -D  are same as those represented in Figure 2. 
b Calculated on basis of cocoa fat. 
c Same as Sample D, except 0.3% lecithin, fat basis, added. 

The viscosi ty- temperature curves in Figure  3 were 
obtained af ter  holding the t empera ture  at 45~ 
( l13~ unti l  the viscosities reached a constant 
min imum value. 

As an aid in orientation a Plas tograph reading of 
1,000 corresponds to a viscosity of about 50,000 centi- 
poises. A commercial shortening at 27~176 will 
give a P las tograph reading of about 100 af ter  nfixing 
for  15 rain. though the reading when the mixing is 
s tar ted may  be as high as 400. 

In  in terpre t ing  the curves it is obvious, of course, 
that  the near ly  vertical segments of curves A, B, and 
D represent  regions of rapid  crystallization of cocoa 
fat. The viscosity of the mixture  represented by curve 
C pract ical ly reached the upper  limit of the chart  
without any  cocoa fa t  crystallizing. The uni form in- 
crease in viscosity with a decrease in t empera ture  
apparen t ly  was solely a function of the amount  of 
hard  fa t  crystall izing out of solution. 

4 0  

32 

2E24 

z 
5 
w 
.J 
ii1 

I I I I ~ j "  

- -  = / 

i i 
4 0  8 0  120 160 

TIME, MIN. 

FIG. 4. Fat  leakage rate at 36~176 for (A) commer- 
cial, sweet milk chocolate, coating type; (]3) the same chocolate 
with 10% completely hydrogenated cottonseed oil, cocoa fa t  
basis, added; (C) the same chocolate with 10% completely 
hydrogenated cottonseed oil and 1.1% lecithin, calculated on a 
cocoa fa t  basis, added; and (D) formulation B molded at 
60~176 instead of 35~176 

S u m m a r y  

An investigation was made of the possibility of 
for t i fy ing  chocolate bet ter  to withstand summer  tem- 
peratures  by  adding relat ively small proport ions of 
completely hydrogenated cottonseed oil and similar 
products.  

Proport ions of hydrogenated oils up to 10%, based 
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on the weight of cocoa fat,  do not affect mouthing 
quali ty significantly, yet  they impar t  marked r igidi ty  
to the chocolate mass at tempera tures  at which cocoa 
fa t  softens and melts. Because the hard  fa t  is prac- 
t ically insoluble in cocoa fa t  at the melt ing point of 
the latter,  the hard  fat,  under  the conditions adopted, 
does not alter the melt ing characteristics of the cocoa 
fat, and the short  softening range of the cocoa fa t  is 
retained. 

The addition of the completely hydrogenated oil 
great ly  re tards  the rate  of fa t  leakage f rom ehoeolate 
at tempera tures  of about 36 o C. (97 ~ F. ). 

The addition of small amounts of very hard fats  to 

chocolate should be useful in improving the per form-  
ance of molded bars. However  if  the modified choco- 
late is to be used for coating confections, the increase 
in viscosity which results on the addit ion of the hard  
fa t  presents a serious disadvantage. 
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Rate Studies of Unsaturated Fatty Acid Oxidation 
Catalyzed by Hematin Compounds 1 
VINCENT P. MAIER 2 and A. L. TAPPEL, Department of Food Technology, 
University of California, Davis, California 

H 
E~AT~N catalyzed unsatura ted  f a t t y  acid oxida- 
tion is a basic mechanism of in vivo pathological 
reactions found in v i tamin E-deficient animals 

(7, 14) and in oxidative fa t  rancidi ty  of meat, poul- 
t ry,  and fish (11, 12, 16). In  contrast  to these dele- 
terious reactions, hematin catalysis might  be used 
beneficially. Hemat in  catalyzed peroxide decomposi- 
tion might  be used in processes requir ing init iation 
of free-radical  p ropagated  polymerization reactions. 

Many impor tan t  aspects of this catalytic oxidation 
are still unknown. The catalytic act ivi ty of the hema- 
t in compounds depends on the presence of peroxide 
in the system (13), but  little is known concerning the 
interdependence of catalyst,  unsa tura ted  fat, and per- 
oxide concentrations and their  effect on the rate of 
the oxidative reaction. The catalysis has been re- 
ported to occur only in heterogeneous systems (5, 
11), but  no systematic s tudy  of this phenomenon has 
been conducted. Long, unexplained induction periods 
have also been observed (1, 13). In  order to help 
clar ify these problems and to establish a firmer basis 
for fu r ther  work, a comprehensive s tudy was carried 
out in which the effects of homogeneous and hetero- 
geneous linoleate, hydroperoxide concentration, cata- 
lyst  concentration, and tempera ture  on the rate  of 
oxygen absorption were determined. 

The rate  of oxygen absorption is a good measure 
of the rate  of oxidation of unsa tura ted  f a t ty  acid and 
thus of the over-all reaction, but  it yields very  little 
information concerning the init iation reactions. The 
kinetics of this impor tan t  reaction between hematin 
compound and f a t t y  acid hydroperoxide have never  
been studied, nor have the peroxidative activities of 
the various henmproteins and related compounds been 
direct ly determined. In  order to s tudy this reaction 
a spectrophotometrie method was developed, based 
on the decrease in diene conjugation of linoleate 
h y d r o p e r o x i d e  when c a t a l y t i c a l l y  d e c o m p o s e d  by  
hemoglobin. Using this technique, a s tudy was made 

1 Supported in par t  by grants from Wm. J'. Stange Company, Chicago, 
and General Foods Corporation, New York. 

eGeneral  Foods Fellow 1955 57. /)resent address: U.S.D.A. Yrnit 
and Vegetable Laboratory, Pasadena, Calif. 

of the effects of linoleate hydroperoxide concentra- 
tion, hemoglobin concentration, and tempera ture  on 
the rate  of the reaction. In  addition, the catalytic 
activities of several hemoproteins, metallo-protopor- 
phyrins,  and other interesting metal-chelate com- 
pounds were determined. 

Experimental 
Reactants. Homogeneous (soluble) linoleate was 

prepared  f rom potassium linoleate by dilution with 
0.1 M ammonium buffer, p H  9, and heterogeneous 
(colloidal) ]inoleate by dilution with 0.1 5I phos- 
phate  buffer, p H  7 (11, 13). Linoleate hydroperoxide 
was p repared  by the lipoxidase catalyzed oxidation 
of potassium linoleate (9). Purified hemoglobin was 
p repared  f rom fresh cattle blood. 

Measurement of Oxygen Absorption. Standard  
manometr ic  techniques, employing a W a r b u r g  respi- 
rometer, were used to follow the ra te  of oxygen 
absorption. Wi th  the exception of the s tudy to de- 
termine the effect of t empera tu re  on the rate  of the 
reaction, in which the flasks were gassed with oxygen, 
air  was used as the gas in all experiments. The rate 
of oxidation was obtained f rom the slope of the initial 
s t ra ight  line port ion of the oxygen absorption versus 
t ime plots. When induction periods were encountered 
the rates were those af ter  the induction period. 

Reaction Systems for Unsaturatecl Fatty Acid Oxi- 
dation. A comparison of the rates of oxidation of 
homogeneous and heterogeneous linoleate in the pres- 
ence of 7.5 • 10 5 M hemoglobin was made at various 
linoleate concentrations. The abili ty of hemat in  to 
catalyze the oxidation of homogeneous linoleate was 
also tested, and similar results were obtained. 

To determine which of the components were re- 
sponsible for  the occurrence of induction periods in 
the more dilute solutions, the following series of ex- 
periments were carried out: a) total linoleate and 
linoleate hydroperoxide varied, hemoglobin constant;  
b) linoleate hydroperoxide varied, total  linoleate and 
hemoglobin constant ;  c) hemoglobin varied, total 
linoleate and linoleate hydroperoxide constant. 


