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or flavin-type of coenzyme. All these other oxidore- 
duction systems are two electron-transfer systems. 
Lipoxidase catalysis involves only the momentary  
t ransfer  of one electron. This clearly emphasizes the 
essential difference between the two types of catalysis. 

According to Leach (12), the role of thiol groups in 
the protein moiety may be two-fold; as one electron 
system mediating between pairs of bivalent redox 
systems and as the init iator of reaction chains. In  
lipoxidase catalysis however there is no need for 
mediation since the nature  of oxidation is univalent  
itself. Hence the purpose of thiol groups in urd-bean 
lipoxidase may be the initiation of reaction chains. 
The theoretical basis for  this surmise is afforded by 
the papers of Waters  and associates (7, 15, 28), Leach 
(12), and Barron  and associates (1, 2). Biekel and 
Kooyman (4) have pointed out that  these reactions 
should have low-activation energy and may be re- 
versible at room temperature.  The existence of thiol 
radicals has been repeatedly demonstrated (1, 13, 14). 

In  the light of the above the first step in the cataly- 
sis of linoleate oxidation could be represented as 
follows: 

- - C I t ~ C K - - C H ~ - - C H ~ C H - - - ~  " S R - - L i p o x ~ : 2  
- -  C H  ~ C!H - -  C H  - -  C H  : C H  - -  -J- H S R  - -  Li]~ox 

This reaction depicts the essential thiol radical initi- 
at ing the lipoxidase reaction. The remaining sequence 
of steps in the oxidation could be exactly the same as 
depicted in Figures  2-B and 2-C, which is fu l ly  dis- 
cussed in the prev ious  section. 

Summary 
The comparative properties of lipoxidases f rom urd  

beans, mung beans, wheat, and peanuts have been 
determined and discussed. Evidence has been pre- 
sented to suggest the part icipation of essential thiol 

groups in nrd-bean and mung-bean lipoxidase ca- 
talysis but  not in soybean, wheat, pea, and peanut  
lipoxidase catalysis. This suggests the possible oceur- 
rence of two types of lipoxidases in nature.  

On the basis of these and other available experi- 
mental  results, mechanisms for lipoxidase catalysis 
are proposed. 
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The Composition of Bloom Fat in Chocolate 
J. CERBULIS, 1 C. CLAY, 1 and C. H. MACK, 
Southern Regional Research Laboratory, New Orleans, Louisiana 

T HE FORMATION Of a white film on the surface of 
chocolate, whether in the form of molded bars or 
coatings for  centers, has plagued the industry  

since the use of chocolate began. Since this discolora- 
tion is supposed to resemble the bloom on grapes, it is 
known as " b l o o m . "  There are two distinct blooms 
which occur on chocolate, " f a t  bloom," so called 
because it is composed largely of fat,  and " s u g a r  
bloom," composed mainly of sugar crystals. I t  is 
with " f a t  b loom" that  we will deal here, and we 
shall call it simply bloom. 

There has not been a great deal published on the 
actual composition of bloom. Whymper  was the pio- 
neer in the field of s tudying fat  bloom on chocolate 
(16, 17). Sachsse (14, 15) described the different 
types of fat  bloom. He found that  the fat  located in 
streaks below the surface of the chocolate had a 
melting point of 3,0~ The fat  which had appeared 

1Former ly  with Stephen P. Whi tman  a~d  Sons Company, Philadel- 
phia,  Pa. ,  ]Hr. Oerbulis is now with the Eas te rn  Utilization Research  
and Development Division, Philadelphia,  Pa .  ~ r .  C l a y  is a pr iva te  
consul tant  with offices in Wynnewood,  Pa .  

as bloom on the surface of well-tempered chocolate 
af ter  six months had a melting point of 34~ and, 
on chocolates which had been stored for several years, 
had the appearance of feathers and melted at 36~ 
These me l t ing  points confirm unpublished findings 
of one of the authors (5). Neville et al. (12) found 
the iodine number of the surface layer of fa t  on a 
slab of cocoa but ter  to be lower than that  of cocoa 
butter.  Several investigators studied the effect of 
various centers upon the fa t  blooming of chocolate 
coatings (2, 5, 7, 14). Whymper  (17) and Fincke 
(6) studied the effect of oil f rom covered nutmeats. 

Harr is  and Shillaber (8) as well as Hett ich (9) 
studied fat  bloom by observing the surface of bloom- 
ing chocolate under  a microscope and noticed t iny 
beads of oil coming to the surface and then crystal- 
lizing, af ter  which the typical  white discoloration 
formed on the surface. F rom this and other observa- 
tions Fincke (6) and others (9, 10, 11, 14) state that  
fat  bloom is a physical phenomenon, that  is, when 
an unstable, polymorphie modification of the fat  
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changes  t o  a more stable one and latent heat is 
evolved, some parts of the melted fats  are forced out 
and recrystall ized on the surface of the chocolate as 
" f a t  bloom." 

Some investigators (12, ]6, 17) state that fat  bloom 
is caused by the separation and crystal l ization of the 
higher melting fraction of the cocoa butter. The 
melting point of bloom fat is 1-4~ higher than the 
melting point  of regular cocoa butter (17).  Alto- 
gether there seem to be a number of causes for the 
appearance of bloom. In any case it is evident that 
some change in internal  stresses forces out minute  
globules of fat. The causes of this stress may  be 
chemical, physical,  electrical, or any combination of 
these. 

At  this point it might  be well  to mention one form 
o f  bloom which, while  different in nature, is signifi- 
cant. This bloom occurs when other hardened vege- 
table fats  are added to chocolate to replace part of  
the cocoa butter. When these vegetable fats are 
added to the  chocolate in certain proportions,  fat  
bloom wil l  a lways occur and this bloom can be wiped 
off easily. B y  subjecting this bloomed chocolate to 
just sufficient heat to cause the bloom to melt  and 
then cooling, the bloom disappears and leaves a bright, 
Clean surface on the chocolate, which then becomes 
resistant to blooming (5) .  B y  s tudying  the dilation 
curves of  cocoa butter as well as the hardened vege- 
table fa t  which had been plotted on the same graph, 
it was noticed that bloom appears on the chocolate 
surface at that temperature where these dilation 
curves cross, thus indicating an internal stress (3) .  

However  we are not discussing the cause or pre- 
vention of bloom but the composit ion of the bloom 
fat. All  of the conflicting references given indicate 
that a thorough study is called for and that this s tudy 
should begin by knowing with what  we are dealing. 
What  is bloom? that is, what  is  it composed of? Is 
it pure  cocoa butter? Is it a specific triglyceride of 
cocoa butter? Or is it a complex mixture in which 
other ingredients of  the chocolate are combined? 

It would seem that these questions should be an- 
swered before any definite preventive can be rec- 
ommended.  Certainly none of the recommendations  
so far advanced by authorities in the field wil l  
actually stop bloom formation. Some of  these rec- 
ommendations  are definite alleviators, but to date 
none are cures. 

Experimental  

Chocolate Coating. The composit ion of the choco- 
late coating used in all of the tests was the same, and 
the fornmla  is as fo l lows:  cocoa liquor, 40%; sugar, 

48% ; cocoa butter, 10.17% ; lecithin/C,  b/1:1 ,  0..45% ; 
vanil la paste, 1.35% and vanillin, 0.03%. The cocoa 
liquor was a blend of three different kinds of Central 
American cocoa beans. The average fat  content of  
the chocolate was 32.3%. A l t h o u g h  the chocolate 
which was used was prepared at different times from 
different batches o f  chocolate mass, the formulat ion 
of the chocolate described above was maintained 
throughout the tests. 

Centers. The centers were obtained from a com- 
mercial candy manufacturer  and were taken directly 
from the production line of the  chocolate plant.  Nine 
centers, representing three classifications; were used. 
The h i g h  oi l-containing centers were roasted hazel 
nuts and roasted almonds. Peppermint  cream, vanil la 
cream, coconut cream, and marshmallows represented 
the high moisture-containing centers. A shell candy, 
chocolate parfait,  as well  as two hard candies, rep- 
resents the low moisture-containing centers. 

Storage. The various coated centers were taken 
directly from the production line and were placed 
in fiber cases in regular layers. A plastic-c0ated 
paper was placed between each layer. Each case 
contained approximately  five to six kilograms of 
candies. These cases in turn were placed in card- 
board cartons and stored at a temperature o f  20-  
21~ The rate of blooming of the chocolate de- 
pended upon the type of center used. The storage 
times for the various chocolate-coated pieces are 
shown in Table I. 

Isolation of Fat. To obtain a representative sample 
of bloom fat  from the surface of the bloomed candies 
the procedure was as follows. Soft  nylon brushes 
l~-in, wide were used for brushing off the grey sur- 
face-layer (bloom) from the bloomed candies. Ex- 
treme care was taken to keep the bloom from being 
contaminated with other fats. The candies were 
always handled with rubber gloves. Where air bub- 
bles had formed on the surface of the candies, those 
area were not touched so that chipping of the 
coating and contamination of  the sample was avoided. 
Approximate ly  one-half of the bloom was brushed 
from each candy because more brushing would pos- 
sibly lead to contamination of the sample. Only 10 
to 15 pieces could be brushed before the brush be-  
came saturated with bloom fat and had to be replaced. 
The brush was cleaned by soaking in commercial 
hexane and then dried by air evaporation. Two 
brushes were used alternately in order to utilize the 
drying period of the brushes. The bloom, as well as 
the hexane washings,  was then placed in a micro- 
Soxhlet and extracted with commercial  hexane for 
five days. The llexane was t h e n  removed at room 

T A B L E  I 

Bloom fa t  

T y p e  of candies  

Coated h a z e l n u t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Coated a lmonds  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e p p e r m i n t  c r e a m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Vani l la  but ter  cream . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Coconut  c r e a m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ [ a r s h m a l l o w  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H a r d  c a n d y  I 

L i m e  bri t t le  chip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H a r d  c a n d y  I I  

L e m o n  c o c o n u t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chocolate  par fa i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A g e  of 
candies  

3 yrs .  
2 yrs .  
1 yr.  
9 mos.  
8 mos.  
7 mos.  

1 yr,  

1 yr.  
2 yrs .  

Wt. of 
b r u s h e d  
cand ie s  

kg. 
2 .70  
2 .20  

18 .55  
3 8 . 9 0  
14 .90  
14 .05  

1 3 . 6 4  

12 .52  
8 .75  

Coat ing  
% of 

candy  

4 3 . 1 7  
53 .91  
3 6 . 4 8  
38 .63  
4 3 . 3 3  
56 .39  

5 7 . 1 4  

5 1 . 5 7  
77 .21  

Wt.  of 
c o a t i n g  

kg. 
1.17  
1 .19  
6 .77  

15 .03  
6 .46  
7 .92  

7 .79  

6 .46  
6 .76  

Wt. of 
fa t  in 

coat ing  

kg.  
0 . 3 7 8  
0 . 3 8 4  
2 . 1 8 7  
4 . 8 5 5  
2 . 0 8 7  
2 . 5 5 8  

2 . 5 1 6  

2 . 0 8 7  
2 . 1 8 3  

Wt. in 
brushed  

bloom 

g, 

0.9 
0 .9  
9.0 
3.7 
1.8 
1.6 

3.5 

7.9 
1.2 

Wt. in 
total  

bloom a 

g. 

1.8 
1.8 

18 .0  
7.4 
3.6 
3.2 

7.0 

15 .8  
2 .4  

~o of 
Coating 

fa t  

0 .476  
0 . 4 7 6  
0 .821  
0 .152  
0 .172 
0 .125  

0 .278  

0 .757  
0 .110  

a Calculated  prov ided  that  it w a s  possible to brush  off only  5 0 %  of the  e x i s t i n g  bloom fat.  
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tempera tu re  under  reduced pressure. 
The coating fa ts  were obtained f rom the same 

candies f rom which the bloom had been brushed. A 
representat ive sample of the coating was cut f rom 
the candy with a knife. Approx imate ly  75 pieces of 
each candy were t reated in this manner  to obtain 
sufficient oil for  analyses. The method of extraction 
of the fa t  f rom the coating was identical with that  
used for  the bloom fat. 

In  the ease of the hazelnut center all coating was 
removed, and the nuts were ground in a m o r t a r  and 
extracted in a micro-Soxhlet for  five days, reground,  
and re-extracted for  two more days. The solvent was 
removed at room tempera ture  under  reduced pressure 
to recover the hazelnut fat. 

All of the above f a t  samples were stored at - 1 5 ~  
until  analyzed. The nonfat  residue of the bloom had 
a grey appearance  and formed approximate ly  one- 
th i rd  by weight of the brushed bloom. 

Description of Samples. The description of the cen- 
ters, together with the ingredients of the centers, is 
given in Table I I .  

T A B L E  I I  

Desc r ip t ion  of Cen te r s  

Type I n g r e d i e n t s  

H a z e l n u t  ................................. 

A lmond . . . . ,  ............................. 

P e p p e r m i n t c r e a m . ,  ............... 

Van i l l a  g u t t e r  c r eam .............. 

Coconut  c ream ..................... . ,  

M a r s h m a l l o w  .......................... 

H a r d  candy  I 
L i m e  brit t le chip ................. 

H a r d  candy  I I  a 

~enlou  Coconut ................... 

Chocolate pa r f a i t .  ................... 

Ro.asted haze lnu t s  

Roas ted  a lmonds  

S u g a r ,  i nve r t  sugar ,  corn  s i rup ,  wa te r ,  
f rappe ,  inve r t a se ,  c i t r ic  acid, pepper-  
m i n t  oil, a n d  ge la t in  

S u g a r ,  i n v e r t  suga r ,  wa te r ,  bu t te r ,  esters ,  
lecithin,  casein,  alcohol, s ta rch ,  va- 
nillin, c i t r ic  acid,  p ropy lene  glycol, 
B H A ,  and  N D G A  

Suga r ,  i n v e r t  suga r ,  corn s i rup ,  wa te r ,  
frapo,e, inve r t a se ,  ci t r ic  acid, vani l l in ,  
coconut  f lavor,  coconut,  a n d  N D G A  

S u g a r ,  i n v e r t  suga r ,  co rn  siI-ap, wa te r ,  
gelat in ,  f r appe ,  a n d  van i l l in  

Suga r ,  i n v e r t  suga r ,  corn s i rup ,  wa te r ,  
vegetable  fat ,  l ime  oil, c i t r ic  acid, and  
g reen  color 

S u g a r ,  dextrose,  corn  s i rup ,  i n v e r t  suga r ,  
wa te r ,  l emon  peel, apr icots ,  pect in,  
c i t r ic  acid, v e g e t a b l e  fa t ,  coconut,  
f rappe ,  salt., vani l l in ,  a n d  coconut  
f lavor  

Chocolate, min~ oil, i n v e r t  suga r ,  con- 
densed milk,  vani l l in ,  sod ium benzoate,  
sucrose,  a n d  w a t e r  

a Lemon  coconut-filled shells. 

In  the case of mint  candies, crystals appeared  
above and below the candies on the paper  in which 
they were stored. These candies had  much more, and 
larger  bloom crystals than candies with other centers. 
The bloom which appeared on the paper  was collected 
in a manner  s imilar  to  that  previously described, and 
fa t  was extracted in the same manner  and w i l l  be 
called " s u r r o u n d i n g "  fat. 

Methods of Analysis 

Iodine Value. The iodine values were determined 
by the Amer ican  Oil Chemists '  Society modification 
of the  Wisj method, Cd 1-25 (1). 

Polyunsaturated Acids. The percentages of lino- 
lenic acid, linoleic acid, oleie acid, conjugated triene, 
and conjugated diene were determined by the Ameri-  
can Oil Chemists! Society ul traviolet  spectrophoto- 
metric method Cd 7-48 (1). The saturated acids were 

determined by difference. The linolein and olein 
content was calculated f rom the respective f a t t y  acid 
composition. 

Hydroxyl Values. The percentage of hydroxyl  was 
determined by  the method described by Ogg et al. 
(13). 

Saponification Equivalents. The s a p o n i f i c a t i o n  
equivalents were determined as follows. Approxi-  
mate ly  75-100 mil l igrams of fa t  were saponified under  
reflux for  one hour with 10 millil i ters of 0.1 normal  
alcoholic potassium hydroxide. Ten millil i ters of 0.1 
normal  hydrochloric acid (of slightly higher nor- 
mal i ty  than  the 0.1 normal  alcoholic potassium hy- 
droxide) were added along with some neutralized 
alcohol containing phenolphthalein indicator. The 
solution was boiled to expel carbon dioxide, and the 
excess acid was baek-t i t ra ted with 0.05 normal  alco- 
holic potassium hydroxide while the t i t ra t ion flask 
was swept out with a vigorous s t ream of carbon 
dioxide-free air. 

Results and Discussion 
From the results in Table I it can be seen that  

the high-moisture centers tended to bloom sooner than  
the candies with low-moisture centers. A high oil- 
content in the centers delayed blooming. There is 
pract ical ly  no moisture present  in high oil-content 
centers, consequently there is an apparen t  correlation 
between the rate  of blooming' and the moisture con- 
tent  in the center. Since this correlation does not 
hold t rue in every ease, other factors  affect blooming 
rate in addit ion to moisture. The total  weight of 
brushed candies, as well as the weight of the coating 
and the weight  of the fa ts  in the coating, are given 
in Table I, also the total  weight of bloom fa t  obtained 
and the percentage of fa t  in the coating which ap- 
peared as bloom. No correlation can be made between 
the amount  of bloom fa t  and the coating fa t  on a 
weight basis. This might  be expected since blooming 
in chocolate is a surface phenomenon, and the total  
surface-area of the candies would be a la rger  factor  
than the weight of the fa t  in the coating in determin- 
ing the extent of blooming. 

Da ta  assembled in Table I I I  show tha t  iodine values 
of the bloomed fa t  range f rom 1.0 to 4.1 units lower 
than those of the coating fat.  There does not seem 
to be any correlation between the type  of center and 
the decrease in iodine value. I n  fact,  the differences 
in iodine values between the bloomed and the coating 
fats  agree with the results obtained by Neville et al. 
(12). These workers obtained their bloomed fa t  f rom 
a slab of stored cocoa butter ,  and no cocoa solids or 
sugar  were present. Thus it can be concluded tha t  
blooming" is a fa t  phenomenon and that  the mechanism 
of blooming is not  affected by the presence of  cocoa 
solids or sugar  al though the rate of blooming may  
be affected by these materials.  

The f a t t y  acid analyses calcula ted on a glyceride 
basis show that  the bloomed fa t  is lower in olein and 
linolein content, and higher in the sa tura ted  acid 
glycerides. This difference in composition is evident 
in all eases. The decrease in linolein content was 
0 .5-L3%,  and the olein content decrease was 0-2.3% 
while the sa turated glycerides increased by 1.5-3.2%. 

Results for the fa ts  f rom coated hazelnuts show 
that  the oil f rom the nut  does not penetra te  through 
the coating to the surface to produce bloom. Com- 
parison of the coating fa t  of this sample with the 
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T A B L E  I I I  
Analyses  of Coa t ing  a n d  " B l o o m e d "  F a t s  

Centers  

O • c o n t a i n i n g  : 
H a z e l n u t  

C!oating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B loom .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N u t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A lmond  
Coa t ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B loom .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H i g h  m o i s t u r e  : 
P e p p e r m i n t  c r e a m  

Coa t ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Bloom .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S u r r o u n d i n g s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

V a n i l l a  c r e a m  
Coa t ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B loom .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Coconut  c ream 
Coa t ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B loom .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M a r s h m a l l o w  
Coa t ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bloom .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Low mo.isture : 
H a r d  candy  I 

Coa t ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bloom .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H a r d  candy  I I  
Coa t ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bloom .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Shell  c andy -Choc ,  p a r f a i t  
Coa t ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B loom .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I o d i n e  
v a l u e  

37.9  
34 .4  
75 .0  

38 .2  
35 .8  

38 .0  
35 .7  
32 ,4  

38 .0  
33 .9  

38 .0  
34 .8  

36 .4  
32 .9  

35.6  
33 .1  

36 .6  
34 .6  

36 .2  
35.2  

L i n o l e n i n  

% 
.14 
.10 
.05 

.20 

.18 

.07 

.22 

.14  

.16 

.10 

.11 

.10 

.12 

.07 

,14  
.1O 

.18 

.17 

L ino l e in  

% 
3.4  
2.3 
5.9 

4.5 
4 .0  

3,7 
3.0 
2.2 

3.5 
2.2 

3.9 
2.8 

3.2 
2.3 

3.2 
2.6 

3.3 
2.6 

3.1 
2.6 

F a t t y  Acid  Composit ion a 

Ole in  S a t u r a t e d  
g lyce r ide  

% % 
36 .6  60.1  
35 .0  62 .8  
74 .9  ] 9 . 2  

35 .0  60 .5  
33 ,6  62 .4  

35 .9  60 .4  
34 .7  6 2 . 3  
32 .8  65 .0  

36 .2  60.2  
34 .4  63 .4  

35 .7  60 .4  
34 .8  62 .8  

35 .4  61 .5  
33 .1  64 .6  

34 .5  62 .4  
32 .9  64 .5  

35 .3  61 .4  
34.6  62 .8  

35 .0  61 .8  
35 .1  62 .3  

C o n j u g a t e d  
t r i ene  b 

% 

.O0O9 

.0003  

.O0O0 

. 0 0 6 5  
.0015  
.0015  

.0071  

.0017  

.0058  

. 0 0 3 4  

.0169  

.0039  

.0119  

.0116  

. 0 0 8 4  

.0042  

.0069  

.0010  

C o n j u g a t e d  
d i ane  

% 
. 0869  
. 0 7 1 8  
.152  

.0853  

. 0 6 8 0  
. 1 2 5 7  

. 0 7 7 4  

. 0 5 1 2  

. 0 8 0 7  

. 0 3 6 4  

.0657  

. 0 9 9 8  

. 0 7 9 9  

. 0 7 3 5  

. 0 6 3 7  

. 0 3 5 0  

. 0 5 9 5  

. 0 6 3 9  

Sapon.  
no, 

208  

192 

194 .5  
195 .2  

198  
195  
198 

185 
189 

2 0 4  
192 

192 

209 
190 

195 
196 

191 
192 

a C.alculated as g lycer ides .  
b T h e  d a t a  for  l inolenin ,  con juga t ed  diene,  a n d  con juga ted  t r i ene  is r epo r t ed  as ob ta ined  a l though  i t  is r ea l i zed  t h a t  they m a y  be a r t i f ac t s  a r i s i n g  

from the  oxida t ion  of l inole in .  

average analyses of the coating fa ts  of the other sam- 
ples shows that  the fa t  is similar to the average. I f  
the hazelnut oil had  penetra ted  into the coating, a 
marked  increase in the olein content of the coating 
fa t  should be noted as this oil has a very high olein 
content. The bloomed fa t  is also no higher in olein 
content than the max imum of 35.1% found in bloomed 
fa t  f rom the shell-coated parfa i t ,  providing evidence 
that  migrat ion of oil f rom nutmeat  centers is not 
responsible for  bloom. I t  is known that,  in general, 
chocolate pieces with nu t  centers bloom sooner than  
do pieces with other centers. Possibly other factors  
such as osmotic pressures or surface tensions at the 
center coating-interface may  account for  the relative 
ras of blooming. 

The percentage of hydroxyl  was determined on 
three series of fa ts  in order  to determine the effect 
of oxidation on blooming. In  the peppermin t  cream 
series the coating fa t  analyzed zero percentage of 
hydroxyl ,  the bloom fa t  zero percentage, and the 
surrounding fa t  0.1%. In  the vani l la  cream series 
the coating fa t  analyzed 0.12% hydroxyl  and the 
bloom fa t  0.07%. In  the coconut cream series the 
coating fa t  analyzed 0.46% hydroxyl  and the bloom 
fa t  zero percentage. F r o m  these analyses it is evident 
that  hydroxyl  containing f a t t y  oxidation products  do 
not enter  into the fat-bloom picture.  

The sample (peppermin t  cream, surroundings)  was 
carr ied along in this series of analyses because in this 
case the bloom was t rans fe r red  to the adjoining paper  
fillers, thus completely apar t  f rom the coating sur- 
face. This was done in order to determine whether  
the peppermin t  oil in the centers had caused this 
phenomenon. The results  show tha t  this fract ion had 
a lower iodine value than  the bloom fat.  The linolein 
and olein content of this f ract ion was slightly lower 
than  the bloom fat, and the sa tura ted  glyceride con- 
t en t  was slightly higher. These results may  be in- 
te rpre ted  to mean tha t  the peppermin t  oil in the 
center is not present  in the bloom itself but  that  it 

may act as a carrier for the bloom fat because of 
its high volatility. 

The average fatty-acid composition of the choco- 
late coatings of the nine candies, calculated on a 
glyccride basis, is 3.5% linolein, 35.5% olein, and 
61.0% saturated acid glycerides while the average 
fatty acid composition of the bloom fat, calculated 
on a glyceride basis, is 2.7% linolein, 3~.2:% olein, 
and 63.1% saturated acid glycerides. A difference in 
in the average fatty acid composition, on a glyceride 
basis, between the coating and the bloom fat is 0.8% 
linolein, 1.3% olein~ and 2.1% saturated acid glycer- 
ides. Based on the original coating fat composition, 
the percentage decrease in olein content is 3.7%, and 
a corresponding percentage increase in saturated 
acid glycerides is 3.5%. 

Summary 
The composition of the fat which has bloomed in 

chocolate has been investigated. There is evidence 
that the type of center which is coated with chocolate 
has no effect upon the fatty-acid composition of the 
bloom fat. The rate of blooming however was found 
to be affected by the center. The theory that the oils 
in coated nuts migrate to the chocolate surface to 
cause fat bloom has been disproved. Comparison of 
the fatty acids present in the bloom fat with respect 
to the coating fat show a decrease in the unsaturated 
acids and an increase in the saturated acids. There 
is evidence that hydroxyl containing oxidation prod- 
ucts of the fatty materials in the chocolate are not 
present in the migrated fat. 
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Selective Fixation of Deleterious Phosphatidic and Pigment 
Materials in Commercial Processing to Improve 
Quality of Cottonseed Oil and Meal I 
G. C. CAVANAGH, Ranchers Cotton Oil, Fresno, California 

I 
N A PREVIOUS REPORT ( 4 )  On a commercial ly operat-  
ing, in tegrated cottonseed oil mill and salad oil 
p lant  a process was described for  producing a 

quality, dust-free, solvent meal and a salad oil with 
excellent keeping quality, flavor, and chill test (5). 
Since these da ta  were presented, addit ional  work has 
been done on evaluating the specific effect each step 
of  processing has on the meal and on the oil. These 
data comprise the subject mat te r  for  the present  
report .  

As a basis for  comparing quali ty of meal and oil 
in various stages of processing the following criteria 
were a rb i t ra r i ly  set up:  

Meal 
1. F ree  gossypol  (1)  
2. N i t r o g e n  so lub i l i ty  in  0.02N N a O H  (10)  
3. A v a i l a b l e  gossypol  un i t s - -A .G.U.  (7 ) .  

I n  a d d i t i o n  to the ana lyses  enumera t ed  above, a l l  mea l  sam- 
ples were ana lyzed  fo r  mois ture ,  oil, crude pro te in ,  and  pH.  
The l a t t e r  measu remen t  was  de te rmined  by  s t i r r i n g  20 g. of 
meal  fo r  10 seconds in  a W a r i n g  B le nde r  wi th  200 ml. of 
d i s t i l l ed  wate r ,  p H  was  r ead  on s lu r ry  w i t h  a Be c kman  p i t  
meter .  

The c r i t e r iu  for  e v a l u a t i n g  the qua l i t y  of the crude oil 
th rough  the  var ious  s tages  of process ing  a nd  also fo r  deter-  
m i n i n g  the  effect of exposure  to sun l igh t  a nd  a i r  on crude 
cot tonseed oil were :  

Oil 
1. Moisture and volatile matter 
2. Free fatty acids 
3. Lovibond color of 1-in. column of crude oil 
4. Chromatographic loss. 

Analysis of the source material and processing conditions 
under which the meal and oil described in this report were 
produced follows : 

Seed Variety: Acala 4-42 
Seed Analysis 

% % 
Moisture .................... 8.2 F.F.A. 0.5 
Oil .............................. 19.8 Total lint 12.2 
Ammonia ................... 4.16 Grade 110.0 
Free Gossypol ........... 0.97 (moisture- and oil- 

free basis). 

The cottonseed meats with added hulls to control 
the protein to 41% were flaked in five-high rolls to 
0.016 in. and cooked in five-high stack cookers. Mois- 
ture  content of cooked meats  at the cooker discharge 

1 Presented at the 48th Annual Meeting of the American Oil Chemists' 
Society, New Orleans, La., April 29, 1957. 

was 12.6%, t empera tu re  of meats at cooker discharge, 
208~176 Granu la r  soda ash was added to the 
cooked meats at  the rate  of 0.4% of the weight of the 
cooked meats pr ior  to prepressing. 

The prepressed flake averaged 13.5% residual  oil, 
and the t empera tu re  of prepressed flake at  screw- 
press discharge was 207~176 

The highest t empera tu re  to which the crude oil 
was exposed was 210~176 iu the cooking and 
prepress  stages, the highest t empera ture  to which the 
meal was exposed, 235~176 at the final, meal- 
dryer  discharge. 

The da ta  in Table I show the effect each stage of 
processing has on the meal. Commercial ly processed, 
cottonseed meat-hull  mixtures  normal ly  have an oil 
content of approx imate ly  30%. Cooked meats  before 
and af ter  addit ion of soda ash and prepressed flakes 
were extracted in the laboratory  with n hexane to 
obtain the meals shown in the first three columns in 
Table I. The meals f rom the extractor,  tube dryer,  
and dryer  and  toaster  were used as they came f rom 
the plant  except that  the extractor  meal was air-dried 
to remove the hexane. 

Table I shows a normal  and  reasonable reduction 
of gossypol in cooking, in the prepress ing step af ter  
the addit ion of solid soda ash, and in the solvent- 
extraction and  meal-drying stages (11). This is espr 
cially notewor thy because miscella-refined soapstock 
is added to the second of five tube-dryers  in series. 
This soapstock has a slight excess of caustic soda and 
supposedly contains considerable amounts  of gossypol 
(2) which has been removed f rom the oil by  the 
alkali-refining processes (6). Yet  the da ta  show a 
normal  decrease in free gossypol and also a decrease 
in p H  in spite of the addit ion of the alkaline soap- 
stock f rom miscella refining. This decrease in p H  is 
a t t r ibuted to the  presence of residual soda ash f rom 
the initial  t r ea tment  of the meats subsequent to 
cooking. 

A.G.U., or Available Gossypol Units, is a combined 
biological and  chemical assay of the gossypol present  
in cottonseed meal, which will combine with cephalin 
in egg yolks to fo rm a cephalin-gossypol complex 
that  is related to egg-yolk discoloration (7).  

Dr. Grau  and co-workers at the Univers i ty  of Cali- 
fornia  are responsible for  developing this new tool 
for  evaluat ing a cottonseed meal with respect  to pos- 


