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Pilot-Plant Production, Tempering, and Evaluation of Global 
Edible ',Spreads from Vegetable Oils 1 
E. B. LANCASTER, R. E. BEAL, E. P. JONES, H. J. DUTTON, C. D. EVANS, and J. C. COWAN, 
Northern Util ization Research Branch, ~ Peoria, Illinois 

A RECENT paper describes the discovery of an 
edible-spread composition of wide plastic range 
to meet the needs of Armed Forces stationed 

under widely differing climatic conditions (5). The 
composition contains vegetable oil, distilled glycerol 
monostearate, and other ingredients. It  may be 
spread on bread or crackers at low temperatures and 
still does not melt or separate at high temperatures 
encountered in the tropics. 

After  a basic formula had been found for prepar- 
ing a spread with desirable plasticity characteristics, 
several problems arose in the further development of 
the product. For  example, when prepared in the lab- 
oratory, the spread usually developed small crystals 
which imparted an undesirable grainy "mouth feel." 
It  was also difficult to prepare, in the laboratory, uni- 
form material in sufficient quantities for organoleptic 
evaluation. Preliminary studies in the pilot plant in 
which a small Votator ~ unit was used for rapidly 
solidifying the spread demonstrated that an improved 
and more uniform product could be made. 

Previous conceptions of a spread with suitable mouth 
"ge t away"  prescribed that it must melt readily and 
almost completely in the mouth (1). Undoubtedly the 
most difficult problem to be solved in preparing a 
suitable high-melting edible spread was to discover a 
formulation which would be emulsified readily when 
eaten with other food without leaving a pasty or waxy 
residue in the mouth. A description of pilot-plant 
techniques and of recent advances made toward im- 
proving getaway and physical stability of the global- 
spread composition is the subject of this paper. 

Pilot-Plant Production 
The first paper describing a global spread con- 

tained a table giving a typical formulation (4). Sub- 
sequent refinements and modifications now justify 
further comments regarding the composition. Since 
the product contains no  aqueous phase, the salt is 
prepared by grinding sodium chloride (C.P.) in a 
nickel-pla ted hammer mill. Approximately 99% of 
the ground salt will pass through a 325-mesh screen. 

1presented  at the American Oil Chemists' Society meeting, Chicago, 
Ill., Nov.  2-4, 1953. 
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Depar tment  of Agrciuiture.  

The mention of firm names or trade products does not imply that 
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Originally, the addition of 0.2 part  of butter-flavor 
concentrate per hundred parts of total glycerides was 
recommended. However subsequent evaluations indi- 
cate that a spread containing 0.04 part  of this concen- 
trate is preferred by the taste panel at the Northern 
Utilization Research Branch. In place of 0.2 part of 
butter-color concentrate, 0.0035 part of dry carotene 
has been used satisfactorily. Composition of the 
spread currently being produced is given in Table I. 

TABLE I 

Composition of Global Spread 

Ingredients Parts 

Vegetable salad oil ................................................... 
Distilled monostearate .............. : .............................. 
Soybean phosphatides (oil-free) ............................. 
Salt .......................................................................... 
Carotene .................................................................. 
Butter-flavor concentrate ........................................ 
Propyl  gallate....; ..................................................... 
Citric acid ................................................................. 
Vitamin A ................................................. ............... 
Vitamin D ............................................................... 

83 
17 

0.2 
2.5 
0.0035 
0.04 
0.01 
0.005 

1,650,000 uni t s /100 lbs. 
330,000 uni ts /100 lbs. 

The equipment used for preparing global spread in 
the pilot plant, as shown in Figure 1, consists of a 
jacketed mixing kettle, a means of introducing nitro- 
gen into the material as it is drawn to a gear pump, 
and a Votator cooling unit�9 The cylinder of the Vo- 
tator is constructed of nickel, and other equipment is 
stainless steel. 

The constituent materials for preparing a spread 
are added to the mixing kettle, heated to about 170~ 
(77~ and then pumped to the Votator from which 
the spread issues in a fluid stream. Fifteen to 20 vol- 
ume-percentage nitrogen based on the oil volume is 
introduced ahead of the pump. There is no pressure 
valve on the discharge side of the Votator, and the 
material flows readily and evenly into containers. The 
mass rather quickly " s e t s  u p "  to a firm consistency. 

A mixing kettle with a capacity of 2 gal. is chosen 
since only about 10 lbs. of  material are required for 
various analyses and taste-panel evaluations. The Vo- 
tator chamber has a diameter of 3 in. and 90 sq. in. o f  
heat-transfer area. A gear pump with a capacity of 
12 gal. per hour is used. Cooling water at 60~ 
(16~ is adequate for chilling the spread. 

Difficulties were encountered in incorporating the 
salt in the spread. Attempts were made to mix salt 
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VOTATOR 55"F 

~'IG. 1. Diagram of eqnipment for  producing global spread 
in the p i lot  p]ant. 

in the plasticized spread af ter  it  had passed through 
the Votator. However this resulted in the inclusion 
of more air than was consistent with good appearance 
and texture.  An improved product  was obtained if 
the salt was kept dispersed in the molten mixture un- 
til crystallization occurred in the Votator. This was 
accomplished by  providing sufficient agitation of the 
molten mixture and by  using small pipe. The gear 
pump has handled this material satisfactorily for  over 
a year  although some abrasion of the pump has 
occurred. 

Af t e r  the first trials by  this method the product  
had a gray-green color. When plastic blades were 
substi tuted for  the stainlew scraper blades, the 
discoloration was eliminated. 

Table I I  gives the operating conditions for a typi- 
cal pilot-plant run. I t  may be calculated from these 

TABLE I I  

Operafio~ Conditions for  Prep~r lng  Global Spread 
in a Pilot-Plant Unit 

Temperature of cooling water into Vor ....................... 64.7~ (18~ 
Temperature of cooling water out of Votator .................... 66.5~ (19~ 
Temperature of global spread into Votator ....................... 161~ (72~ 
Teanperature of global spread out of Votator ..................... 75~ (24~ 
~low ra te  of cooling water  .................. ~ .............................. 2,540 lbs./hr. 
YIoW of global spread ......................................................... 70 Ibs./hr. 
Speed of Votator re,tot'. ...................................................... 670 r.p.m. 
YIeat t r ans fe r  area ............................................................. 89.2 sq. in. 

data tha t  the heat-transfer coefficient in the Votator  
is near ly  200 b. t .u. /hr . /sq,  f t . /deg.  F. Because of the 
small-scale operation the Votator  was operated at  
only about  20% of its maximum capacity. The change 
in enthalpy for  a typical  global spread between 161 ~ 
and 75~ (72 ~ and 24~ is 65.3 b.t.u./lb, under  
conditions of rapid chilling. F rom a consideration of 
specific and latent  heats this indicates that  less than 
15% of the oil component crystallizes. 

Effect of Tempering and Composition on Plasticity 
and Organoleptic Characteristics 

Spreads of the composition repor ted previously (5) 
had a satisfactory plastic range and consistency as in- 
dicated by penetrat ion data and initially were ac- 
ceptable organoleptically. On storage at  room tem- 
pera ture  however they developed an undesirable 
waxy mouth-feel and unsat isfactory getaway char- 
acteristics. 

The lowering of the monoglyceride content pro- 
duced a softer spread, and a significant improvement 
in general acceptabili ty resulted. However the neces- 

sary reduction in monoglyceride content was so great  
that  the spread lacked sufficient firmness and tended 
to separate or " b l e e d "  oil at a tempera ture  of 112~ 
(44~ Accordingly at tempts have been made a) 
to improve the getaway, b) to stabilize the spread 
against bleeding of free oil at  elevated temperatures, 
c) to insure f reedom.from graininess, and d) to pre- 
vent changes in the physical characteristics. I t  was 
found that  the addition of phosphatides along with 
tempering had a pronounced beneficial effect on the 
plastic characteristics of the spread. Marked im- 
provement  was found in the getaway of the spread 
containing phosphatides af ter  a relatively short tem- 
pering at  an elevated temperature.  Of equal impor- 
tance was the improvement in softness at  relatively 
high monoglyceride levels and the retention of plas- 
ticity when stored at  room temperature  for  long pc: 
riods of time. A s tudy of the physical changes which 
occur dur ing tempering is reported in a separate pub- 
]ication (3) where crystal  habit, microscopic, X-ray, 
and micropenetrat ion data  are discussed. 

Changes in characteristics of spreads of various 
formulations with time and tempering conditions 
were evaluated by  penetrat ion measurements, organo- 
leptic tests, and other suitable chemical and physical 
measurements. Samples for  organoleptic study were 
collected in No. 2, flat, 10-oz. cans which were sealed 
under  air, nitrogen, or carbon dioxide immediately 
af ter  preparation.  Those for  macropenetrat ion s tudy 
were collected in metal ointment cans 11/s in. deep and 
3 in. in diameter and subsequently leveled with a 
straight edge and weighed for density determinations, 
Other j a r  samples were taken for  determination of 
salt content by  chemical analysis and gas content by  
a physical method. Init ial  penetrat ion measurements 
were made 20 to 30 min. af ter  production of the 
spread, with an A.S.T.M. Precision Universal Pene- 
t rometer  equipped with a standard-size and standard- 
shape grease-penetration cone constructed from alu- 
minum so that  the total weight was 26 g. Samples 
having a penetrat ion in excess of 6 mm. were found 
to spread easily. However the desirable range was 
between 15 mm. to 20 ram. 

Pre l iminary  tempering tests were conducted in air- 
circulating ovens adjusted at 90 ~ 112 ~ and 130~ 
(32 ~ 44 ~ and 54~ respectively. Penetrat ion 
measurements were made af ter  11/~ hrs., 3 hrs., and 24 
hrs. at these temperatures.  Af ter  completion of the 
tempering period, samples were removed from the 
oven and periodic determinations of penetrat ion were 
continued at 75~ (24~ storage unti l  the samples 
apparent ly  assumed constant firmness, usually in 
about  100 hrs. An untempered or control sample was 
held at  75~ (24~ and penetrat ion values were 
determined for  a similar length of time. Final  pene- 
t ra t ion values reported in the tables were obtained as 
described above. 

Organoleptic and penetrat ion data led to the fol- 
lowing prel iminary conclusions: 

1, T e m p e r i n g  w a s  b e n e f i c i a l  to  a l l  p h o s p h a t i d e - c o n t ~ n i n g  
s p r e a d s  a n d  f o r  n o n p h o s p h a t i d e - c o n t a i n i n g  s p r e a d s  a t  low 
m o n o g l y e e r i d e  l eve l s  o f  13 to  1 5 % ,  H o w e v e r ,  a t  a l eve l  
of 30% in the absence of phosphatides, no improvement 
of the tempered over the untempered samples with re- 
spect to penetration was noted. 

2. Tempering at l12~ (44~ and at 130~ (54~ was 
more rapid than at 90~ '. (32~ 

3. Tempering at 112~ (44~ for 24 hrs. was preferable 
to 3 hrs. 
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The results indicated that  tempering phenomena 
were occurring under the three experimental tem- 
peratures, selected but at different rates. Since global 
spreads contain more than 80% liquid vegetable oil, 
tempering should be carried out under mild condi- 
tions so as to minimize the development of undesir- 
able flavors. Consideration of factors such as the 
manufacture and the subsequent storage conditions 
before use led to the selection of 112~176 as 
the temperature for studying the effect of tempering 
and formulation on general acceptance. 

Tempering Pattern of Spreads Not Containing 
Phosphatides 

Table III lists pertinent penetration data and geta- 
way scores for  spreads of increasing monoglyceride 
content. In view of the satisfactory getaway of the 
13% monoglyceride spread it would appear that it 
was of a satisfactory composition. As pointed out 
previously, this spread lacked firmness and tended to 
bleed oil at 112~176 Moreover, when the prod- 
duct was'stored for approximately 10 days at l12~ 
(44~ the penetration decreased and the getaway 
score was adversely affected. The purpose of the stor- 
age test was to determine if the canned spread was 
stable when stored for extended periods at elevated 
temperatures such as might be encountered in use. 

T A B L E  III 

The Effect of ~Ionoglyceride Content  on Pene t ra t ion  a n d  
" G e t a w a y "  of Tempered Spreads  

~(~no~ 
glyeer- 
ide, % 

Untempered  
penet ra t ion  a t  
75~ (24~ 

Initial Fin ~.I 

Pene t ra t ion  
a t  l12~  

(44~ af te r  

/ 
1 hr.  t 3 hr .  / 24 hr.  

] / 

I 

Tempered 24 hr ,  
a t  112~176  

lq'inal a 
pen~tr~- "Geta- 
ti(~n !at, w a y "  
75~ score b 

(24o0.) 

Without  phosphat ide  

13 
15 
18 
3 0  

29.7 
24.7 
22.6 
18.1 

14.2 21,5 22.0 21.0 
10.3 19.5  18.4 17.9 

4.5 11.2 7,4 6.8 

18.5 
16.2 
13.3 

4.5 

1.O 
1.8 
2.6 
3.5 

With 0,.2% phosphat ide 

17 1 24.5 
18 15.1 
22 16.1 

8.5 23.5 / 23.0 24.0 
8.9 18.9 I 20.7 22.1 
6.9 15.9 17 . i  17.1 

17.5 
18.1 
14.1 

1.2 
1.4 
2.6 

aValue, when penet ra t ion  became co,nst~nt. 
bA score of 0.O indicates "ge t away"  character is t ics  comparable to 

but te r ;  a score of 4.0 indicates a very poor "ge taway ."  

The influence of monoglyceride content is shown by 
the increase in initial and final firmness of the un- 
tempered control as well as the final firmness of the 
tempered sample. Samples containing over 15% mon- 
oglyceride became progressively firmer during their 
retention in the tempering oven. 

The difference in penetration values between the 
final untempered and the tempered product has been 
shown to be a good measure of the extent of temper- 
ing, which indicated that spreads made with 13, 15, 
and 18% monoglycerides were benefited by tempering. 

These findings are shown graphically in Figures 2 
and 3 and lead to the conclusion that nonphosphatide 
spreads are best prepared with the minimum amount 
of monoglyceride consistent with sufficient firmness at 
room temperature. This amount is between 13 and 
15%. Tempering of nonphosphatide spreads appeared 
to alter the crystal habit or structure of the spread, 
and at suitable monoglyceride levels tempering re- 

~2o- ~--W ~ ~ O S P H A T f O E S  TEMPERED 

~ ~ ' - - ~  PHOSPH,TIDES, TEMPERED 
~= _ ~ ~ '~ '~.~. .0  % PHOSPHATIDES, 

~ P H A T I O E S ,  UNTEMPERED 
bJ  

o. I t I J 
,3--- 15 2o 25 ~o, 

MONOGLYCER'DE, PERCENT 

FIG. 2. E f f e c t  o f  m o n o g l y c e r i d e  c o n t e n t  on  p e n e t r a t i o n  o f  
s p r e a d s  a t  7 5 ~  ( 2 4 ~  

sulted in a softer product of improved getaway char- 
acteristics. 

Tempering Characteristics of Spreads 
Containing Phosphatides 

Tempering studies at 112~ (44~ have been con- 
d u c t e d  on spreads containing 0.2% of oil-free phos- 
phatides, 17% monoglyceridcs, and other ingredients 
so as to establish the optimum treatment time. Sam- 
ples from several typical preparations were placed in 
the tempering oven and subsequently removed at in- 
tervals and held at 75~176 until penetration 
measurements were seemingly constant. 

The data in Table IV show that minimum getaway 
score and maximum penetration fall within the 12- 
to 48-hr. tempering period and that the undesirable 
increase in firmness caused an increase in getaway 
score after about two months of storage at 112~ 
(44~ This finding strongly indicates that whereas 
optimum tempering was. beneficial, prolonged storage 
at 112~176 subsequently reduced the general 
acceptance of the product. In contrast, nonphospha- 
tide-containing spreads develop these undes i rab le  
characteristics in about one-fourth the time. 

Having chosen a suitable tempering time and tem- 
perature, it was deemed necessary to determine the 
optimum amount of phosphatide for incorporation in 
an 18% monoglyceride spread. Table V lists the per- 
tinent data, which show that the initial penetration 
measurements as well as final values for the untem- 
pered products, decreased with increasing quantity of 
phosphatide. Values obtained at 112~176 ex- 
hibit a small progressive decrease at low phosphatide 
levels and an increase at the higher levels. Table 
I I I  showed that increasing mongolycerides promoted 

o PHOSPHATIDES o 

P,OSP, ,T ,0ES  . 

I( I I I 
13 15 20 25 ,, 

MONOGLYCERIDE0 PERCENT 

FIG. 3. Effect of  monOglyceride content on ge taway of  tem- 
pered s p r e a d s .  

] 

3 O  
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TABLE IV 

Tempering Spreads Containing 17% l~Ionoglyceride 
and 0.2% Phosphatide 

T e m p e r i n g  t i m e  a t  
!!2~ (44~  

D~y8 
0 

!4 
1 

2 
28 
56 

=~(~e~awav" 
sc{)re 

2.7 
1.4 
1,3 
1.6 
1.6 
1,6 
2,1 

P e n e t r a t i o n  

15 
17 
17 
16 
17 
14 
11 

hardness, indicating that phosphat ides  and mono- 
glycerides act in opposition in determining the final 
penetration. 

Getaway scores improved and softness increased 
with increasing phosphatide percentage and leveled 
off at about 0.2% for tempered spreads as shown in 
Figure 4. 

T A B L E  V 

The  Effect  of P h o s p h a t i d e  Concen t r a t i on  on P e n e t r a t i o n  a n d  " G e t a w a y "  
e f  S p r eads  C o n t a i n i n g  1 8 %  Monoglycer ide  

U n t e m p e r e d  P e n e t r a t i o n  a~ T e m p e r e d  
pene t ra4 ion  a t  112~ (44~  24 hrs .  a~ 

75~ (24,~ a f t e r  112~  44~ 
Phos -  

phat ide ,  
% 

0 
0.01 
0.1 
0.2 
0 .4  

n i t i a  F ' inal  a 

19.8 10.1 
17.9 10.1 
15.1 8.9 

9.3 8.7 

1 hr .  3 hr .  24 hr .  

1 8 % - -  - 1--C~.9 
20.3 I 19.3 I 18,1 
20.0 I 2o.e I 2o.1 
1 8 , 9  20,7 22.1 
20.7 22.5 23.4 

a V a l u e  a f t e r  ,enet ra t ion became cons tant .  

F i n a l  a 
pene t ra -  
t ion at  
75~  

( 2 4 o c . )  

13.3 
13.1 
15.9 
17.4 
16.5 

"Geta -  
w a y "  
score  

2.6 
2 .4  
2.0 
1.2 
1.5 

2 5 -  3 

~ .  g PENETRATION 

i '  - 

iO L t t _ 1 ~ _ _  
0 OA 0.2 0.5 0.4 

PHOSPH~'TIDE, PERCENT 

FIG. 4. E f f e c t  o f  p h o s p h a t i d e  c o n t e n t  o n  p e n e t r a t i o n  a t  75 ~ 
1+. ( 2 4 ~  a n d  g e t a w a y  o f  t e m p e r e d  s p r e a d s  c o n t a i n i n g  1 8 %  
m o n o g l y c e r i d e s .  

8 

~9 

In view of the snperiority of those spreads contain- 
ing 0.2% phosphat ides  at the 18% monoglyceride 
level, it was logical to investigate their effect at other 
monoglyceride levels. The results in Table I I I  show 
that phosphatides were effective in softening a 22% 
monoglyceride spread. They should also be effective 
at lower monoglyceride levels, but this point has. not 
as yet been established. 

Phosphatide-containing spreads usually were made 
with various commercial vegetable oils. Others have 
been made in which hydrogenated vegetable oils, mar- 
garine oil, and butter oil replaced a part  of either the 
soybean or cottonseed oil. I t  has been established 

that amounts of the hydrogenated vegetable, marga- 
rine, and butter oils, approximating about 10%, may 
be included without detracting from the general ac- 
ceptability of the product. However their incorpo- 
ration decreased the spreadibility at t empera tu res  
below 32~176 

Acceptance and Organoleptic Eva luat ion  

Changes in composition and processing techniques 
were followed closely by organ01eptic evaluation. A 
9-point balanced scoring system (4) was adopted with 
0 as the ideal score. Thus four positive units and 
four negative units were used to indicate the superi- 
ority or inferiority of the product over that of the 
ideal. Scores inferior to the ideal are considered neg- 
ative, and those superior are positive. To avoid the 
confusion of carrying a negative sign, all scores are 
reported as positive figures since all scores to date 
have been negative. A few panel evaluations have. 
been conducted for general over:all acceptance of the 
product, using both a simple ranking test and the 
above-scoring system. 

The taste panel was initially trained on high-scoring 
butter and margarine for both getaway and flavor. 
Getaway scores for various spreads used throughout 
this work are shown in Table VI. The improvement 

T A B L E  V I  

A v e r a g e  " G e t a w a y "  Scores  fo r  Sp reads  

M a r g a r i n e  A ........... ] 
! ' r  B ........... I 
) I a r g a r i n e  C . . . . . . . . . . . .  I 
Global sp read  A...,.,] 
Global sp read  B ....... 
Global sp read  C ....... ] 
A r m y  margar ine . . . . . /  

A P e n e t r a t i o n  No. of pane l  v e r a g e  _ _  _ _  
eva lua t i ons  score  1 7 5 o ] ~ ( 2 4 o c .  ) 34OF. ( l e e . )  

8 0.85 14.0 2.0 
6 1.4 9.3 2.0 
8 1.0 16.1 1.7 
5 1.4 I 14.6 10.1 
8 0.83 17.4 13.9 
5 1.1 17.4 14.(} 
4 3.0 ] 1.7 1.5 

in getaway of the present products over the early 
global-spread compositions which rated scores of 3 
to 4 is apparent. The values shown in the table indi- 
cate that the product is clearly in the range of mar- 
garine and superior to that of the conventional Army 
spread. Penetration values are also included, and a 
study on 86 spreads of varying composition indicated 
a correlation coefficient of 0.5 between getaway and 
penetration. Although a higher value might be ex- 
pected, it was observed that, in comparisons between 
spreads with a definite difference in penetration val- 
ues, the softest spread usually received the better 
getaway score. Factors besides tempering which af- 
fect the getaway scores are the monoglyceride content 
and the level of phosphatide addition. The effect of 
composition and tempering time on getaway scores was 
discussed in their respective sections under tempering. 

Indications by independent evaluation groups are 
that the general acceptability of global spread is very 
good. Tests performed at the Quartermaster Food 
and Container Institute have shown that a sample of 
global spread examined compared favorably with 
margarine, particularly file military type (6). Eval- 
uations by the Northern Utilization Research Branch 
panel are shown in Table VII. The selections of the 
15 tasters are significant, indicating that the panel is 
able to distinguish differences, by ranking, which are 
not significant differences when the samples are scored. 
Thus when scored for acceptance, a highly significant 
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TABLE V I I  
Comparabie Acceptability Tests for Global Spreads 

Spread 

Army margar ine  ................. 
Global spread ..................... 
Margarine ......................... 

Army margar ine  ............... 
Global spread A .................. 
Global spread B .................. 
Margarine ........................... 
Significance. ........................ 

Acceptability by ranking 

1st place I 2nd pl,ace 3rd place 

I l i  lag 
Acceptability by scoring 

I 3.3 
1.2 ]::~ 
1.4 1.5 

1.1 
higil none 

score 

3.1 
1.4 
0.7 

difference is shown between the Army margarine and 
the global spread, but a significant difference does not 
exist between global spreads and regular margarine. 
The acceptability shown by ranking and the getaway 
score are indicative of the quality of the product. 

Extensive work on flavor and flavor stability was 
not undertaken until compositional studies and proc- 
essing conditions had reached a favorable  posit ion 
in the course of developmental work. Synthetic fla- 
vors ha~ge not been entirely satisfactory, and present 
compositions include 0.04% of B u t r - t r a t e  2XW, a 
product described as a special-distilled, butter-flavor 
concentrate. Taste-panel studies indicate that a very 
minimum of flavor is desirable. This agrees with the 
trend that less and less flavor is desired in the sta- 
ple food items which are consumed in large quanti- 
ties in the daily diet. Flavor, flavor stability, and 
oxidative stability of the global spreads under vari- 
ous storage conditions are the current problems under 
investigation. 

Summary 
Global spread of improved plasticity characteristics 

has now been produced on a pilot-plant scale. Chill- 

ing equipment similar to that used in margarine pro- 
duction was slightly modified ; and because of the scale 
of operation, throughput was reduced to one-fifth the 
rated capacity. 

Global spread produced by the formulation previ- 
ously described suffered the defect of becoming pro- 
gressively firmer when stored, consequently both the 
"mouth feel" and general acceptability were impaired. 
This deficiency was largely overcome by tempering at 
112~176 for 24 hrs. in the presence of 0.2% 
oil-free soybean phosphatides which softens the spread 
and slows the hardening process which occurs during 
prolonged storage at elevated temperatures. Spreads 
currently being produced  compare favorably with 
commercial margarines in general acceptability when 
evaluated at room temperature and are superior in 
plasticity characteristics when compared at low and 
high temperatures. 
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Measurement of Oxidation in Dried Milk Products With 
Thiobarbituric Acid 
C. G. SIDWELL, HAROLD SALWlN, and J. H. MITCHELL JR., Quartermaster 
Food and Container Institute for the Armed Forces, Chicago, Illinois 

T HE need for objective tests for measllring flavor 
deterioration in food products and the use of 
2-thiobarbituric acid as a reagent for such meth- 

ods were discussed in a previous paper (8). 
The chemical test used most often for measuring 

oxidative changes in fat-containing food products is 
the determination of peroxides. The absolute per- 
oxide value may sometimes have no significance in 
relation to flavor score because of the simultaneous 
formation and decomposition of the peroxides (2). A 
peroxide value of approximately 2.0 m.e./kg, of fat 
is normally considered to be low for most fats, and 
they are generally free of oxidative off-flavors at this 
level of peroxide value. The reverted flavor of soy- 
bean oil is detectable at a peroxide value of 2.5 (4). 

*Presented at the 27th Fail Meeting of the American Oil Chemists' 
Society, Chicago, Ill., Nov. 2-5, 1953. 

2This paper reports research undertaken by the Quar termaster  Food 
and Container Inst i tute  for the Armed Forces and has been assigned 
No. 452 in the series of papers approved for app]ica.tion. The views 
and conclusio,ns contained in this paper are those, of the authors. They 
are not to be construed as necessarily reflecting the  views or indorse- 
ment  of the Department  of Defense. 

Milk powder also undergoes serious flavor changes 
of an oxidized nature by the time the fat  reaches a 
peroxide value of 2.0 (6). 

Patton and Kurtz (7) and Dunkley and Jennings 
(3) have ably reviewed the l i t e r a tu r e  leading to 
the application of 2-thiobarbiturie acid as an agent 
for the detection of oxidized fat in dairy products. 
Procedures have been described for the application 
of the thiobarbituric acid (TBA) test to fluid milk 
(3), b u t t e r f a t  (7, 8), and to cheese, butter, and 
milk powder (1). 

The procedure to be described offers certain ad- 
vantages over previously published methods. Free- 
dora from the physical interference of proteins as 
well as freedom from turbidity in the test solution 
is accomplished by steam distillation of an acidified 
slurry of milk powder. Less complicated apparatus 
than that of the only other published procedure for 
milk powder (1) is required. Furthermore no organic 
solvent, such as isoamyl alcohol or pyridine, is neces- 


