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TABLE III 

Perox ide  Va lue  of P o w d e r e d  D u t c h  Shor tb read ,  Stored_ a t  3 7 ~  
and  22~ w i t h  a n d  W i t h o u t  BJrIT for  E i g h t  Months  

[ At 37~ 
Storage  t ime  - - -  - -  

Control  W i t h  B H T  

I - - I  - -  
30 ................................ 0.5 0.7 
58 . . . . . . . . . . . . . . . . . . .  0 9  0 7  
73 ................................ 1.1 0.6 

159 . . . . . . . . . . . . .  1 7 1.0 
252 ................................ l 3.1 ] 1.6 

ControI With B H T  

j lO:~ ~ o~ 

T A B L E  IV 

P e r o x i d e  Va lue  of D u t c h  Shor tb read ,  S tored  i n  T i n s  L i n e d  w i t h  
U n t r e a t e d  and  S i l T - T r e a t e d  P a c k i n g  P a p e r  a t  22~ 

for  E i g h t  2r 

BI- IT- t rea ted  
sho r tb read  

S to rage  t ime  

(dc~ys) 
30 ................................ 
7~ ................................ 

252 ................................ 

Controll 

Untreated I Treated 
p a p e r  p a p e r  _ _  

0.7 I 0 .7  I 
0 .9  I o .9  I 
1.3 I 1 .3  I 

U n t r e a t e d  T r e a t e d  
p a p e r  p a p e r  

0.6 0.6 
1.2 0.6 
0.7 0.7 

The vanillin component  especially was characteristic. 
As to the powders stored at 22~ h a r d l y  any  differ- 
ence could be tasted. 

Even af ter  eight months of storage all the samples 
qualified as ve ry  good. One may  say that  B H T ,  in- 
corporated in the shortbread, had some slightly de- 
pressing effect on the format ion  of peroxides. The 
similari ty between the peroxide values of the samples 
packed in BHT- t r ea t ed  a n d  in unt rea ted  paper  indi- 

eated tha t  dur ing the storage period B H T  had no 
effect. 

F r o m  results obtained with shortbread stored under  
different conditions, the conclusion may  be drawn tha t  
BI{T can afford good protection against  peroxide for-  
mation as well as against  flavor deterioration. 

S u m m a r y  

Investigations on the use of the gallic acid esters, 
butyla ted  hydroxyanisole,  and butyla ted  hydroxytol-  
uene as ant ioxidants  in animal fats, vegetable oils, 
margarine,  and bakery  products  are described. I t  was 
found tha t  the gallates and B I t T  were highly effec- 
tive in la rd ;  B I I A  was of lesser importance. 

In  vegetable oils scarcely any effect was observed 
although some antioxidants  might  be able to suppress 
peroxide format ion  in these .products;  the flavor 
evaluations however are not always in accordanee 
with these findings. 

In  margar ine  it was found that  some ant ioxidants  
had a promising effect on the peroxide format ion bu t  
only a slight effect on the flavor. Mixtures of anti- 
oxidants however could exercise a synergist ic effect 
on the organoleptie qualities. 

In  bakery products,  e.g., Dutch shortbread, B H T  
can afford good protect ion against  flavor deterioration. 

Mention is made of the fact  that  the dissociation of 
peroxides is governed p r imar i ly  by  their  concentra- 
tion and tha t  fats  with a peroxide value of 25 to 50 
meq/kg,  are very  stable on heat ing at 100~ without  
air-passage. 
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Preparation of 3-StearoyI-D-Glucose A Bread-Softening Agent 
F. H. OTEY and C. L. MEHLTRETTER, Northern Utilization Research and Development Division, 
Agricultural Research Service, U. S. Department of Agriculture, Peoria, Illinois 

B 
READ STALING has long been a problem to the bak- 

ing industry.  One impor tan t  aspect of bread 
staling is the increase in firming of the crumb, 

and it is desirable to develop products  which will 
prolong crumb softness and thus shelf life of bread 
(4). To find more effective softening agents accept- 
able for use in bread a s tudy was made of the rela- 
tionship of bread-softening action to the chemical 

s t ructure  of compounds derived f rom glucose (6).  
Of the products  synthesized and evaluated, the most 
promising was 3-stearoyl-D-glueose. This '  substance 
was found to have a high crumb-softening action 
comparable to that  of polyoxyethylene monostearate 
(4),  one of the most effective bread softeners avail- 
able. Improved  maehinabi l i ty  of doughs and increased 
water  absorption of doughs, both desirable propert ies  
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to the baker, were also obtained with 3-stearoyl-D- 
glucose. Because the product  is a simple ester of glu- 
cose and stearic acid, it probably would be acceptable 
as a food additive. 

Esterification of the hydroxyl  group at position 3 in 
the D-glucose s t ructure  was accomplished by reacting 
stearoyl chloride with 1,2:5,6-diisopropylidene-D-glu- 
eose in the presence of chloroform (or dimethylform- 
amide) and pyridine. 

Subsequent hydrolysis of the intermediate 3-stea- 
royl-l ,2:5,6-diisopropylidene-D-glucose with mineral  
acid eliminated acetone and gave the desired 3-stea- 
royl-D-glucose. In  an alternate method for preparing 
the ester in higher yield and pur i ty  the 1,2:5,6-diiso- 
propylidene-D-glucose was reacted with sodium dis- 
persed in toluene pr ior  to esterification with stearoyl 
chloride in the same solvent. The products obtained 
by the sodium method had a higher melting point 
than that  prepared in pyridine, but  paper chromatog- 
raphy, mixed melting point, and optical rotation indi- 
cated that  the products were s t ructural ly  alike. 

In view of the possibility of acyl group migration 
(3) dur ing deacetonation of the intermediate, con- 
firmation of the 3-stearoyl s t ructure  was sought. 
Acetonation of the ester followed by saponification 
produced 1,2:5,6-diisopropylidene-D-glucose in high 
yield and showed that  little or no migration of the 
stearoyl group had occurred. 

Experimental 
Mater ia l s .  The 1,2:5,6-diisopropylidene-D-glucose 

was prepared as described in a previous paper (5). 
Toluene was found to be a ~ t i s fae to ry  solvent for 
extraction of the compound from water in a suffl- 
(,.iently pure state for  direct esterifieation. 

Stearoyl chloride was prepared in 90% yield from 
IIystrene S-97 ~ stearic acid by the method of Ralston 
and Selby (7) and was purified by distillation. 

Esterification in Pyridine.  Sixty-five grams (0.25 
mole) of 1,2:5,6-diisopropylidene-D-glueose were dis- 
solved in 100 ml. of d ry  pyridine. Gradual ly added 
to this solution were 50 ml. of chloroform containing 
83.3 g. (0.275 mole) of stearoyl chloride. The reaction 
mixture, protected from air moisture, was stirred at 
room temperature  for  24 hrs. After  the solvent was 
removed in vacuo at 60~ the residual crude 3-stea- 
royl- 1,2: 5,6 - diisopropylidene -D - glucose was deaceto- 
hated in 700 ml. of diethyl ether by stirring while 700 
ml. of concentrated hydrochloric acid were added in 
small portions as rapidly  as possible (1). A rise in 
temperature  above 20~ was avoided by chilling the 
mixture. Af ter  s t i rr ing for 2 hrs., 1 liter of ice water 
was added, and st irr ing was continued for 2 hrs. The 
floating precipitate was filtered, washed free of acid 
with water, and dried at 50~ Yield of crude prod- 
uct was 85 g. (76%).  Extract ion with boiling ether 
(acetone may also be used) yielded 58 g. of product  
that was sufficiently pure for  bread-softening tests. 
Reerystallization from ethanol gave a melting point 
of 125-130~ [a]~ 5 + 66.5 ~ (c, 3.9; pyridine [af ter  
10 min.] ). 

Anal.  calcd, for  C24H4~07: C, 64.54; H, 10.38. 
Found:  C, 64.12; H, 10.33. 

z The mention of firm names or trade produe~s does not imply that  
they are endorsed or recommended by the U. S. Department of Agri- 
culture over other firms or products not men t ioned .  

Munson and Walker  method (2):  Found:  Theo- 
retical amount  of D-glucose. 

Esterification with Sodium. To a suspension of 15 
g. of "b i rd  sho t "  sodium in toluene were slowly added 
54.6 g.  (0.21 mole) of 1,2:5,6-diisopropylidene-D-glu- 
cose dissolved in 350 ml. of toluene. Af ter  stirring 
for 20 hrs., the solution was decanted from excess 
sodium. To this sodium was added dropwise, with 
stirring, 64.4 g. (0.212 mole) of stearoyl chloride 
over a period of 1.5 hrs. The remaining operations 
were essentially the same as those described in the 
pyridine procedure. Yield of crude 3-stearoyl-D-glu- 
cose was 78.5 g. (84%).  Extract ion with ether or 
acetone yielded 61 g. of final product,  which melted 
at about 110~ Reerystallizatiou from alcohol pro- 
duced platelets melting at 135-139~ [a]~ ~ + 66.9 ~ 
(c, 3; pyridine [af ter  30 rain.l) .  

Anal. calcd, for C24tt4607: C, 64.54; H, 10.38. 
Found:  C, 64.14; H, 10.37. 

Munson and Walker  Method: Found:  Theoretical 
amount of D-glucose. 

Proof o~ Structure.  Three grams (0.0067 mole) of 
3-stearyl-D-glucose (which was prepared in pyridine) 
were added to a cooled solution of 40 ml. of acetone 
containing 1 ml. of concentrated sulfuric acid. The 
mixture was st irred for 4 hrs. at 20-25~ and the 
unreaeted product  (0.1 g.) was recovered by filtra- 
tion and washed with acetone. The combined filtrate 
and washings were chilled and carefu l ly  neutralized 
with concentrated aqueous sodium hydroxide. After  
removing precipitated sodium sulfate, the solution 
was concentrated to dryness in vacuo at 15-20~ The 
oily residue was crystallized from acetone by the ad- 
dition of water  and again from aqueous ethanol. Yield 
of 3 -stearoy1-1,2: 5,6 - diisopropylidene -D- glucose was 
2.45 g. (71 .6%);  melting point 32-34~ 

Anal. ealcd, for  C3oH5~O~: C, 68.40; H, 10.33. 
Found:  C, 68.29; H, 10.07. 

The 3-s tearoyl - l ,2  : 5,6-diisopropylidene-D-glucose 
(1.40 g., 0.0027 mole) was refluxed in alkaline ethanol 
for  20 min. Af ter  removal of ethanol in vacuo the 
residue was dissolved in water and extracted with 
toluene. The toluene extract  was concentrated to 
dryness in vacuo to yield 0.65 g. (94%) of crude 
product,  which af ter  reerystallization f rom water 
melted at 109-110~ Mixed melting point and paper 
ehronmtography proved the substance to be 1,2:5,6- 
diisopropylidene-D-glucose. 

Repetition of this procedure with 3-stearoyl-D-glu- 
cose prepared by the sodium method also produced 
1,2:5,6-diisopropylene-D-glucose in good yield. 

Summary 
In previous work 3-stearoyl-D-glucose was found to 

have superior bread softening action. This paper de- 
scribes its synthesis by reaction of stearoyl chloride 
with 1,2: 5,6-diisopropylidene-D-glucose and subsequent 
deacetonation of the intermediate stearoyl diisopro- 
pylidene-D-glueose. Acetonation of the product, fol- 
lowed by saponification of the acyl group, produced 
1,2:5,6-diisopropylidene-D-glueose and indicated that  
the substance is 3-stearoyl-D-glucose. 
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Differential Thermal Analysis. III. Melting 
Curves of Oils and Fats 
J. HANNEWIJK and A: J. HAIGHTON, Unilever Research Laboratory, Vlaardingen, The Netherlands 

I N THE FIRST PART of  t h i s  s e r i e s  (1) the princip]e, 
appara tus ,  and procedure of the differential ther- 
mal  method for  the analysis of fats  are described. 

In  addition, examples of melt ing curves of water  and 
of some fa ts  are included. In  the second pa r t  (2) a 
description of melt ing curves of a number  of pure  
glycerides is given. In the present  paper  the various 
factors influencing the shape of the melt ing curves arc 
discussed in detail. These factors may  be based on 
the appara tus  (height and diameter  of f a t  layer,  ra te  
of heat ing) ,  but  they can be kept  constant,  and 
therefore the manner  hi which crystall ization takes 
place is of much greater  importance. The pretreat-  
mea t  of the fats  is also considered. Reproducibi l i ty  
of the measurements  is checked, using different sam- 
pie holders and thermocouples. F ina l ly  some D T A  
curves of na tu ra l  oils and fats are given. 

Influence of Cooling and Tempering on DTA Curves 
In  order to be able to draw the base line of a 

melt ing curve the determinat ion should s ta r t  f rom 
about 10 ~ to 20~ below the t empera tu re  at  which 
melt ing sets in. Cooling to this t empera tu re  m a y  be 
performed in the following ways. 

a) The fa t  or f a t ty  mixture is introduced into the  sample 
holder and is rapidly cooled. The melting curve obtained 
gives informat ion ~bout the fa t ty  portion as such. Figure  
l a  shows the curve of a chocolate with cocoa but ter  and 
a curve of chocolate with a substitute. 

AT ( 
~c 

T 

B l o c k  t e m p e r a t u r e  

10 20 3 0  4 0 ~  
J . I  

2~  ~ 
34o  

FIG. la .  - -  pure chocolate, f a t  phase = 100% cocoa 
but ter  
chocolate, fa t  phase = 50% cocoa butter,  
50% substi tute (hardened f a t ) .  

b) The sample holder, filled with premelted fat ,  is placed 
in the copper block, which is rapidly cooled subsequently 
until  the f a t  is completely solid. In  this way often recta- 
stable crystals will be formed, result ing in exothermic 
t ransformat ion peaks (maxima) in the curve. This method 
is particularly suitable for ~tudying the po!ymorphie 

c) 

behavior of fats .  The positions of these peaks can be 
useful for the identification of pure triglycerides and of 
fa ts  and oils. The curves for  such unestabiished fa t s  are 
drawn as dotted lines. 
The liquid f a t  is introduced into the sample holder and 
stabilized at a given temperature. On stabilizing, the 
following takes place. I f  a fa t  with a number  of tri- 
glycerides of different melting points is rapidly cooled, 

great  variety of mixed crystals will be formed, result- 
ing in a regular melt ing range (Figure  lb, dotted ]ine). 
I f  such an unstabilized fa t  is tempered at, e.g., 29~ par t  
of the mixed crystals will melt, and the more sa tura ted  
glyeerides will be reassoeiated to form new series of 
mixed crystals, having higher melt ing points. This is 
i l lustrated by two minima in Figure lb  (at  27 ~ and 
37~ Hence, by the selective stearin formation dur- 
ing tempering, the final melting point is increased from 
39 ~ to 42~ and the initial melting point is decreased 

0 AT_._ 
~ c 

t 
0 . 5  

1 .0  

1 . 5  

10 20  30  
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b 

Fm. lb. Cocoa but ter  substi tute (based oI~ coconut oil):  
. . . . . . . .  rapidly cooled�9 

tempered a t  29~ 

- 3 0  - 2 0  - 1 0  0 10 20  30  40  

1 . 0  

c 

50~ 
I 

FI(~, le. Margarine f a t  blend: 
. . . . . . . .  rapidly cooled (directly af ter  u  
- - - -  af ter  1 hr of tempering at 5~C. 


