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Performance Testing' 
E. C. SWANSON, Pillsbury Mills Inc., Minneapolis, 

p EICFORMANCE TESTING Of fats  and oils can be con- 
sidered to be divided into three basic categories: 
handling, quality, and stability. Although this 

discussion will refer  p r imar i ly  to the field of dry  
mixes, it will be seen tha t  the considerations involved 

could be generalized to in- 
clude other phases of the 
shortening industry.  Since 
the th i rd  category, stabil- 
ity, is discussed thoroughly 
in another  paper  in this 
series, only the first two 
categories will be diseusse:l 
here. 

In  the category of han- 
dling performance,  plastic 
range is quite impor tan t  in 
the light of present  prac- 
tical technology. With  irr~- 
proved technology and de- 
v e l o p m e n t  o f  p r e s e n t  
knowledge it is quite likely 
that  plastic range may  not 
be so impor tan t  in the ru- 

E. C. Swanson ture as it is today. The 
plastic range governs the 

case with which the shortening is blended with the 
other dry ingredients of the mix. E v e r y  organization 
has set up its own definite t empera ture  limits within 
which the various shortening's may  vary.  The meth- 
ods of measur ing these t empera ture  limits are dis- 
cussed adequately in other papers  in this series. 

Votation is responsible for  the physical condition of 
the shortening which, in turn,  affects the ease with 
which the shortening can be incorporated into a mix. 
Physical condition, within reasonable limits, does not 
appear  to be a significant factor  af ter  the shortening 
has been incorporated into the mix. Texture  of the 
shoPtening becomes impor tan t  chiefly when excessive 

1 Edited by C. "W. t Ioerr  from tape recording of oral presentation by 
the author. 
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graininess occurs. Graininess obviously exerts a 
marked influence on the uni formi ty  of the mix. 

Another  general ly used criterion of handl ing per- 
formance is tile penetra t ion test. Penetronleter  read- 
ings however are quite meaningless unless they are 
correlated with dilatometer measurements.  For  ex- 
ample, two shortenings which exhibit identical pene- 
t ra t ion values may  contain widely differing amounts 
of liquid fat. Such differences are impor tan t  to prod- 
uet quality under  given manufac tu r ing  conditions. 
Although processing conditions can be adjusted for 
various liquid oil levels, obviously such variat ions 
affect the routine of processing control. 

Because of the tediousness of dilatometric measure- 
ments such tests are not readily adaptable to rapid  
routine control al though the testing can be accelerated 
by setting up a var ie ty  of baths. In  order to use pene- 
t ra t ion data in their  most reliable form a "grease  
absorp t ion"  test is being developed for the determina- 
tion of the liquid content of shortenings based on 
the capil lary action of the liquid oil. 

With  reference to the second phase of perfornmnce 
testing, quality, there are analytical  tests galore. Only 
those which are most readily adaptable to rapid  rou- 
tine control, par t icu lar ly  with reference to the field 
of d ry  mixes, will be discussed. 

Au impor tan t  test of the quali ty of a shortening is 
its water-emulsifying ability. In  this test water  is 
dr ipped f rom a buret te  into a s tandardized amount  
of fa t  dur ing mixing in s tandard  mixing equipment.  
This gives a measure of the "emuls i f i ab i l i ty"  of the 
shortening. The greater  the amount  of water  incor- 
porated before the emulsion " b r e a k s , "  the greater  is 
the emulsifying power of the shortening. 

Although shortenings general ly contain relatively 
little water, the analysis of the moisture content 
serves as an analytical  cheek on the quali ty of the 
product.  

The determinat ion of free f a t t y  acid is an impor- 
tan t  test of the quali ty of shortening, irrespective of 
the reason for  any  occurrence of high free f a t ty  acid 

PIG. i .  The effect of 0, 0.3, 0.6, 0.9% oleic acid added as free fatty acid to chocolate cake mix (left fo right). 
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be used.  A common mis take  is t h a t  of a t t e m p t i n g  to 
e x t r a p o l a t e  the  r e su l t s  of the  b a k i n g  p e r f o r m a n c e  of  
a sho r t en ing  in a f o r m u l a  fo r  which  i t  was never  in-  
t ended .  ] t  is u t t e r l y  imposs ib le  to eva lua t e  the  per -  
f o r m a n c e  of a sho r t en ing  in  a l a y e r  cake mix  on the  

Fie. 2. The effect of 0, 0.7, 1.4, 2.1% oleie acid added to a 
hot tell mix (left to right). 

content .  The d e t r i m e n t a l  effect of th is  f ac to r  on 
baked  goods is shown in F i g u r e s  1 a n d  2. Excess ive  
" t u n n e l i n g "  ( th i s  is b u t  one f ac to r  r e spons ib le  for  
t u n n e l i n g )  a n d  m a r k e d l y  dec reased  vo lumes  a r e  char -  
ac te r i s t i c  of a h igh  f ree  f a t t y  ac id  con ten t  of the  
shor ten ing .  

B a k i n g  tests  a re  the  p h y s i c a l  m a n i f e s t a t i o n  of the  
ac tua l  p e r f o r m a n c e  of a shor ten ing .  I t  shou ld  be 
borne  in  m i n d  t ha t  the  . b a k i n g  tes t  is v a l i d  on ly  a t  
the  p o i n t  in  t ime  at  which  the  tes t  was app l i ed .  The 
i m p o r t a n c e  of th is  d i r ec t  eva lua t i on  of a p r o d u c t  is 
obvious. A sho r t en ing  however  should  be e v a l u a t e d  in  
the t y p e  of b a k e d  p r o d u c t  in  which  i t  is i n t e n d e d  to 

:FIG. 4. The effect of varying both the amount of shortening 
in white layer cake and the amount of mono-glyceride in the 
shortening. 

:FIG. 3. The effect of employing the wrong shortenings in 
three types of layer cake mix. Cakes at A contained excessive 
amounts of emulsifier, and those at B were deiicient in emulsi- 
fier. White, yellow, and spice cake mix, top to bottom. 

bas is  of i ts  p e r f o r m a n c e  in a cookie f o r m u l a  or a hot  
ro l l  rec ipe .  F i g u r e  3 shows the  effect of us ing  the  
w r o n g  sho r t en ing  in  th ree  t y p e s  of l aye r  cakes. I n  
each case the  n o r m a l  cakes were  made  wi th  shor ten-  
ings  possess ing the  p r o p e r  e m u l s i f y i n g  power  for  the  
respec t ive  fo rmulas .  The cakes at  A con ta ined  excess- 
ive amoun t s  of emulsif ier ,  a n d  the cakes at  B were  
def ic ient  in emulsif ier .  Dif ferences  in cake volume,  
t ex tu re ,  c rus t  charac te r i s t i c s ,  etc., can be a t t r i b u t e d  
in these ins tances  to the use of i m p r o p e r  shor ten ings .  

The cha rac t e r i s t i c s  e v a l u a t e d  b y  the b a k i n g  tes ts  
can  be d i v i d e d  in to  ob jec t ive  m e a s u r e m e n t s  and  sub- 
j ec t ive  observat ions .  A m o n g  ob jec t ive  measu rem en t s  
a re  vo lume a n d  s y m m e t r y .  N u m e r o u s  methods  of 
m e a s u r i n g  vo lume  have been devised~ A l l  a r r i ve  a t  
r e a s o n a b l y  f a c t u a l  resul ts .  A l t h o u g h  not  qu i te  so 
s imple ,  s y m m e t r y  can be d e t e r m i n e d  b y  p l ac ing  the 
cut  ha l f  of a cake aga ins t  a g a u g e  and  m e a s u r i n g  the  
he igh t  a t  the  edge and  at  severa l  po in t s  across the  
top.  A t t e m p t s  to devise an  equa t ion  whereby  an  in- 

Fie. 5. The effect of 0, normal, twice normal, three times normal amounts of emulsli~er in 100% vegetable shortening (left to 
right). Hard emulsifier on top row, soft emulsifier on bottom. 
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]~IG. 6. The effect of various amounts of bard and soft emulsifiers in 50-50 mixtures of vegetable shortening and lard, same ar- 
rangement as Figure 5. 

dex  of s y m m e t r y  ea~l be ob ta ined  f r o m  such meas-  
u r e m e n t s  have  no t  been successful .  

Desp i t e  efforts to the  c o n t r a r y ,  obse rva t ions  which  
s t i l l  r e m a i n  l a r g e l y  sub jec t ive  are  cell s t r uc tu r e ,  g r a i n  
charac te r i s t i c s ,  t ex tu re ,  wa l l  th ickness ,  a n d  re s i l i ency  
of the  b a k e d  p r o d u c t .  These p r o p e r t i e s  a re  r e l a t e d  to 
the  " e a t i n g  s e n s a t i o n "  a n d  a re  sub jec t  to pe r sona l  
p re fe rences .  

C r u s t  c h a r a c t e r  ~s ano the r  sub jec t ive  obse rva t ion  
as y e t  no t  s a t i s f a c t o r i l y  measu rab l e  b y  ob jec t ive  meth-  

ods. Crus t s  which  a re  too suga ry ,  too mois t ,  or too 
d r y  wil l  be difficuIt  to ice a n d  difficult  to cut .  

The elusive cha rac t e r i s t i c s  of f lavor  a n d  a r o m a  are  
o ther  sub j ec t i ve  phenomena .  These p r o p e r t i e s  a re  
closely assoc ia ted  wi th  the  t e x t u r e  of the  b a k e d  p r o d -  
uct .  A ce l lu l a r  s t r u c t u r e  which  is too f ine -g ra ined  
a n d  t h i n - w a l l e d  possesses an  excess ively  l a r g e  su r f ace  
a r ea  p e r  u n i t  "r Such  a s t r u c t u r e  absorbs  or 
loses m o i s t u r e  exceed ing ly  r a p i d l y .  Consequen t ly ,  
when eaten,  the  p r o d u c t  gives the  sensa t ion  of be ing  

FIG. 7. Tile effects of various proportions of mono- and diglyceridcs in standard white layer cake formula. From left to right, 
O, normal, 2x, 3x, 4x, and 5x normal amounts of mono. Front top to bottom, 0, normal, 2x, 3x, 4x, and 5x normal digl3~cerldos. 
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sticky, gummy,  gluey, or dry, depending upon per- 
sonal reaction. A s t ructure  which is too coarse-grained 
and thick-walled gives a harsh, sandy sensation in 
the mouth. 

The baking performance  test enables the consistent 
control of p roduc t  uniformity .  I t  serves to detect 
variat ions or er rors  in any  of the manufac tu r ing  pro- 
cedures, such as the compounding of shortenings, pro- 
cessing of other ingredients,  formulat ion of mixes, 
etc. Fo r  example, F igure  4 shows the effect of varia- 
tions in the amount  of shortening in a white layer 
cake formula,  and of deviations in the monoglyceride 
content of the shortening. I t  will be noted that,  to 
some extent at least, the effects of abnormal  amounts 
of emulsifier can be corrected by appropr ia te  varia-  
tion in the amount  of shortening incorporated in the 
m i x ,  

I n  addition to serving as a check on the nn i formi ty  
of manufac tu r ing  procedures, baking tests are also 
useful as a research tool for determining proper  for- 

mulat ion of ingredients. For  example, Figures  5 and 
6 i l lustrate the results of tests on emulsifier compo- 
sition. By varying'  the amounts of hard and soft 
emulsifiers, i.e., those of relat ively lower and higher 
iodine values, layer  cakes o f  different volumes and 
textures were obtained. Baking performance tests 
permit ted  the selection of the proper  blend of hard  
and soft emulsifiers possessing an average iodine 
value which produced the desired results. (A single 
emulsifier with the same iodine value as the blend 
average would not work as well.) 

Another  interest ing phenomenon deInonstrated by 
baking performance  tests is shown in Figure  7. This 
series of photographs  il lustrates the interrelated ef- 
fects of mono- and diglyceride emulsifier composition 
on layer cake quality. I t  can be seen that  neither the 
mono- nor the diglyceride alone yield the proper  de- 
gree of emulsification. Tests such as these have dem- 
onstrated that  a certain proport ion of each is neces- 
sary  to produce the desired cake volume and texture. 

X-Ray Spectroscopy 
W. S. SINGLETON, Southern Regional Research Laboratory, 1 New Orleans, Louisiana 

s 
PECTROSCOPY i s  a means of determining certain 
propert ies  of materials  by utilizing the effects 
produced by applied energy of various wave- 

lengths. Based upon the wavelength of the energy 
employed, spectroscopy is divided into several fields. 
One of these main  divisions is x-ray spectroscopy, in 

which x-rays are employed 
as the source of energy for  
bombarding the material  
u n d e r  ana lys i s .  X - r a y  
spectroscopy can be subdi- 
vided in the same manner  
as is ultraviolet  or infra-  
red spectroscopy. Thus x- 
r ay  absorption is possible 
because some materials  ab- 
sorb x-rays more strongly 
than  do other materials.  
In  x- ray  fluorescence, mat-  
ter  which is excited by x- 
rays  will al ter the p r ima ry  
wavelength. In  x- ray  dif- 
f ract ion the direction of 
t h e  p r i m a r y  w a v e  is 
changed by the material ,  

W. S. Singleton but its wavelength is un- 
changed. The t e c h n i q u e s  

of these subdivisions of x-ray spectroscopy may  be 
applied at one time or another  to numerous classes of 
materials.  However  when applied to the field of fats  
and oils, x- ray  diffraction is by fa r  the most utilized 
application. The wavelength of the p r i m a r y  wave re- 
mains unchanged in diffraction. By means of diffrac- 
tion it is possible to determine crystalline structure,  
and the molecular dimensions of crystall ine sub- 
stances. Crystal  s t ructure  in general  will be t reated 
briefly in order to lend unders tanding  to the usual 
habit  of long chain compounds under  normal  condi- 
tions. The major  concern of this paper  is tha t  phase 

J One of the laboratories of the Souther~ Utilization Research Branch, 
Agricultural Research Service, U. S. Department of Agriculture. 

of crystal  s t ructure  having to do with polymorphism, 
and it reports  the development, application, and in- 
te rpre ta t ion  of x- ray  diffraction pa t te rns  as an ana- 
lytical method of determining polymorphism and 
changes in polymorphic  phases in fats, f a t ty  acids, 
and derivatives. 

The economic aspects of polymorphism in fats and 
products  derived theref rom should be mentioned 
briefly. The manipula t ion of f a t t y  materials  to obtain 
the desired polymorphic  forms and to prevent  subse- 
quent  changes to undesirable forms requires consid- 
erable effort on the par t  of manufacturers .  In  the 
processing of shortening and margarine,  equipment is 
designed and operated so as careful ly  to control the 
t empera tu re  levels and rate of cooling dur ing p l a s t i -  
cization, packaging,  and subsequent tempering. Some 
of these operations also serve, of course, to control 
crystal  size. In  candy-making the tempera ture  and 
rate  of cooling of chocolates and fat-containing coat- 
ings is careful ly  controlled. 

In  certain instances the need of a given polymor- 
phic form of a product  is functional.  For  example, 
the melt ing point  of a given fa t  can va ry  m a n y  
degrees depending upon its polymorphic  form. In  
soap-making precautions are taken to obtain certain 
polymorphic  forms as polymorphism has a decided 
influence upon the hardness and the lathering prop- 
erties of soap. 

In  other instances polymorphism is important  be- 
cause of its effect on appearance.  Pa r t i a l  melting of 
a low-melting fo rm in shortening or margar ine  fol- 
lowed by resolidification to a higher melt ing form de- 
stroys the smooth texture of the product  a n d  produces 
instead a gra iny  appearance.  Polymorphic  changes 
in candy fa ts  produce " b l o o m , "  dullness, and pos- 
sibly other faults,  which can ha rm the reputat ion and 
competit ive position of the manufac ture r .  

Equipment for X-ray Diffraction 
The source of x-rays for  obtaining x-ray  diffraction 

pa t te rns  will not be discussed in detail  since excellent 


