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added by drops to the stirred mixture. The temper- 
ature was held at 175~176 for 6 hrs., then dilute 
HC1 was added until  slightly acidic. Sodium chloride 
and excess HC1 were removed by washing with water. 
The remaining water was removed under  vacuum. The 
product  was a yellow waxy materiaI which would not 
cure to a hard  resin when admixed with ethylene di- 
amine, diethylene triamine, triethylene tetraamine, or 
phthalie anhydride at baking temperatures. 
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A Determination of the Effects of Several Variables on the 

Performance Characteristics of Shortening, Using Statistical 

Experimental Designs 
H. MACK TRUAX and IRA A. MacDONALD, Atlas Powder Company, Wilmington, Delaware 

To ob ta in  sho r t en ing  of h igher  wa te r  absorp t ion ,  one should 
increase the level  of monoglyeer ide  used in  the shor tening .  
Ic ing volume is adverse ly  affected by h igher  levels  of mono- 
glyeer ides .  I t  is  i m m a t e r i a l  whether  the monoglyee r ide  has  
40 -44% or 5 6 - 5 8 %  alpha mono content ,  and  the I.V. m a y  range  
front  56 to 90 wi thou t  p roduc ing  signifie, a n t  effects on wa te r  
a.bsorption, i c ing  volume, or cake results .  T e m p e r i n g  and  the 
choice of vege tab le  fn t  or r e a r r a n g e d  mea t  fq t  s tocks are  of 
importance.  

I. Statistical Experimental Design 
and Its Applications 

T 
ins eAPE~ will present a simple outline of pro- 
cedure used in a shortening study where experi- 
mentation was on a statistical basis to aehieve 

maxinmm results in a minimum of experimental time. 
While the use of statistical methods in production 

and quality control is widely accepted, we find that  
some of the statistical techniques available are not 
well known to the research and development ehem- 
ist. llt is hoped that  this presentation will stimulate 
fur ther  investigation. 

Mueh chemical experimentation has to deal with 
systems made up of a number of variables, in whieh 
tile chemist has to determine the proper conditions 
for each variable necessary to achieve optimum re- 
suits. One common way to do this would be to take 
one part icular  ingredient (or factor),  va ry  it to 
find the level which works best, then hold that  opti- 
mmn condition fiixed and vary  some other faetor: 
find its optimum, and go on to another variable. 
There are some eases however for which this is not 
the most efficient way to proceed. 

Statistically it is possible to show that  we ean get 
nmre accurate results, in a shorter period of man- 
hours, by applying' some of the theories of statistical 
experimental design. This is an orderly, planned 
experiment in which we have decided how to vary 
the factors we wish to s tudy in relation to one  an- 
other. Under this approach all variables are changed 
simultaneously instead of only one factor at  a time. 

The advantages of changing all variables simulta- 
neously according to a definite plan as opposed to the 
"one-varying,  others-fixed" approach can be summed 
up as follows. We are able to determine differences 
in end-results that  are smaller than would be appar- 
ent if only one item were varied at a time. This 
al)proach brings to light the changes in end-results 
eaused by the interaction of variables, a factor hidden 
if only one at a time were moving. The use of this 
approaeh enables one to make all aeeurate estimate 
of the inbred experimental error ill our procedure, a 
faetor difficult to determine in common procedures 
without running  a number of separate repetitive 
experiments. 

We ean ehart a typical chemical problem of four 
variables (Table I ) .  By assmning that our final 

TABLE I 
A F~wtor i~d  ]~3xpt . r iment  

V a r i a b l e s  C e d e  L e v i q s  fill '  u s e  } l l l l nbPr  
. . . . . . . . . . . . . . . . . . .  I of  l e w q s  

A l p h a  n m n o  in  
n l o n e g l y ( . e r i d e  . . . . . . . . .  A 4(1 4 8  5 6  3 

l o : t i m ,  v a h l e  . . . . . . . . . . . . . . . .  ] B ] 5 0  70  9 0  3 
A Iph, o, n m n o  in  ] ] 

s h o r t e n i n g  . . . . . . . . . . . . . . .  C 1 .75  2 . 0 0  2 . 2 5  2 . 5 0  4 
Ten l l ) e r iT l  ~ . . . . . . . . . . . . . . . . . . .  t D t A b s ( ' n t  I> r e sen t  2 

answer will be made up of some conlbination of the 
varying levels of use of this material, we can quickly 
determine the number of total runs required to con- 
duet a complete factorial series. With  one variable 
having four possible levels of use, two other variables 
eaeh with three levels of use, and a four th  ingredient 
having only two levels of use, we would have 72 dis- 
tinet experimental runs to perform. 

I t  is satisfactory, in a major i ty  of eases, to run 
just  two levels of use for each of the four factors, 
the high limit and the low limit, for eaeh of the 
four  variables and, by graphical and mathematical 
means, to consolidate the data thus gained to fill 
in what we might not have derived directly from 
experimentation. Two-level experiments are simple to 
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analyze without the need for high-speed comi)uters. 
Fur thermore  they lend themselves to fractionation. 
This means that if there are five factors in an experi- 
ment and it is wished to keep the number of runs to a 
minimum, the appropriate  16 runs will supply all 
pertinent information whereas the complete two-level 
design wouh] require 2 '~ = 32 runs. 

AN EXAMPLE OF INTERACTION 

Coke Volun~ 

~. ~ ~ / ~ ~  B AT HIGH LEVEL 

% Mono Content 
] , ' m .  ]. 

Figure  1 shows the effect /)f varyir, g the monoglyc- 
eride content of a cake 8horte,fing in terms of volume 
of the cake. Under t|w,"one-fa(',tor-at-a-time" system 
mono content wouhl be varied, but otltm" factors would 
be held constant. I f  the h)w level of Factor B were 
chosen, we would erroneously e/meh~dc that varying 
the morn) l',mltent did not affect cake volume. If,  on 
the other hand, the high level of B were selected, we 
would see a distinct relationship between mono con- 
tent and cake volume. Statistical design shows that  
mono content and Faetor  B work together in affect- 
ing cake volume. This phenomenon is called an in- 
teraction. 

T A B L E  1 I  

T h e  2 - L e v e l  F a c t o r i a l  

C o d e  

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T o t a l  r u n s ~ - - 2  X 2  X 2 X 2 ~ 2  ~ = 1 6 .  

I C o n d i t i o n s  

a c t o r s  L o w  I t i g h  

Alpha m o n o  in  m o n o g l y e e r i d e  / 4 0 . 0 0  I 5 6 . 0 0  
I o d i n e  v a l u e  o f  m o n o ~ l y c e r i d e  ] 5 6 . 0 0  ] 9 0 . 0 0  
Alph~ m o n o  i n  f i n a l  s h o r t e n i n g  1 . 7 5  2 . 5 0  
T e m p e r i n ~  I A b s e n t  I P r e s e n t  

Let ' s  now follow a typical  case through to conclu- 
sion. Referr ing to Table II ,  we see that we are dealing 
with four variables, each having a high and a low 
level. The number of runs required will  then be 
2 • 2 • 2 • 2 or 16. This particular experiment was 
set up to determine the effect of vary ing  shortening 
ingredients  on icing volume but could be extended to 
other forms of chemical experimentation.  

The first step is to list the manner  in which the 
variables are to be manipulated (Table I I I ) .  One 
w a y  to indicate the levels of  each variable in each 
experimental  run  is to set up a symbolic  code in small  
letters. Each letter in lower case corresponds to the 

TABLE III 

( ! o m b i u  a t l o n  ( 'ode 

( ~ )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a | )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a v .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

bc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ab(~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
l i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

bd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
abd  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

cd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ae(1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
bed  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ab(.d . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A 

E m u l s i -  Alpha 
t i  o r  n l o n o  

c o n t e n t  (%) 

4 0 . 5  
5 5 . 7  
40~5 
5 5 . 7  

4 0 . 5  
5 5 , 7  

3 4 0 . 5  
4 5 5 . 7  

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

4 0 . 5  
5 5 . 7  

3 4 0 . 5  
4 5 5 . 7  

B C 

Lev(~] of 
u s e  t~  

I . V .  tdpha m o n o  

5 8  1 . 7 5  
5 6  1 . 7 5  
9 0  t . 75  
9 0  ] .75  

5 8  2 . 5  
5 6  2 . 5  
9 0  2 . 5  
9 0  2 , 5  

5 8  ] .75  
5 6  1 . 7 5  
9 0  1 . 7 5  
9 0  1 . 7 5  

58  2 . 5  
5 6  2 . 5  
9 0  2 . 5  
9 0  2 . 5  

T e m p e r -  
i n g  

A b s e n t  
A b s e n t  
A b s e n t  
A b s e n t  

A b s e n t  
A b s e n t  
A b s e n t  
A b s e n t  

Pl,esent 
l ' r e s c n t  

t> r em m t  
P r e s e n t  

P r e s e n t  
] ) r e s e n t  

Tresen t 
Present 

variable originally indicated in capital letters. But, 
instead of simply indicating the variable, it is now 
used to indicate the level of use of that  variable in the 
experimental run. In  other words, where the lower 
case " a "  appears, it indicates that the high level of 
the wn'iable " A "  is used. The complete absence of a 
lower-case letter in our symbolic code indicates that 
the run was made with the low level of that  ingrelti- 
ent. The use of a code makes it easy to tell that  all 
of the possible combinations of variables needed to 
complete the statistical design have been inchnlcd. 

We are now ready to perform the actual experi- 
mental work. The coded results of the experimental 
work are shown under the eolmun labelled Percent- 
age in Tatlle~ I V. This cohlnln gives the water absorp- 
tion obtained for e,a(d~ of the 16 experimental rmls. 
In order to make eah',ulatiorls easier, 500% has been 
subtracted from each of the 16 results. Such coding 
by snbtraeting a number from all data will not affe('t 
our final answers. 

T A B L E  I V  

T a r e s  A n a l y s i s  

T r e a t -  
ment 

combi -  
n a t i o n  

(1) 
a 

b 
a b  

e 

a e  

bc  
a b e  

d 
a d  
b d  
a b d  

e d  
a a d  
bed  
~bcd  

' e r c e n t -  
a g e  

4 6 . 0  
4 8 7 . 5  
4 9 2 . 0  

5 3 . 5  
5 5 . 0  

4 9 4 . 0  
4 4 9 . 5  

9 9 . 0  
1 2 9 . 5  
3 4 9 . 5  

5 6 . 5  

8 4 . 5  
1 6 0 . 5  
4 2 6 . 0  
4 5 9 . 0  

(1) 

1 9 . 0  
) 7 9 . 5  
[ 0 8 . 5  
) 4 3 . 5  

. )28.5 
L06.0  
~)45.0 
3 8 5 . 0  

7 3 . 0  
4 . 5  
1 .5  

4 4 . 5  

3 0 . 5  
' . 93 .0  
7 6 . 0  
3 3 . 0  

(2) 

9 9 8 . 5  
1 0 5 2 . 0  

6 3 4 . 2  
1 1 3 0 . 0  

7 7 . 5  
- -  4 3 , 0  
- - 2 6 2 . 5  

1 0 9 . 0  

9 6 0 . 5  
8 3 5 . 0  
1 7 7 . 5  
6 4 0 . 0  

- 6 8 . 5  
- -  4 6 . 0  
- - 3 2 3 . 5  
- -  4 3 . 0  

(3) 

0 5 0 . 5  
7 6 4 . 5  

3 4 . 5  
. 1 5 3 . 5  

7 9 6 . 5  
8 1 7 . 5  
1 1 4 . 5  
3 6 6 . 5  

5 3 . 5  
4 9 5 . 5  
1 2 0 . 5  
3 7 1 . 5  

. 1 2 5 . 5  
4 6 2 . 5  

2 2 . 5  
2 8 0 . 5  

(4) 

3 8 1 5  
1 1 9  

2 6 1 4  
- 4 8 1  

5 4 9  
2 5 1  
3 3 7  
3 0 3  

2 8 6  
1 8 8  
9 7 9  

- 2 5 2  

4 4 2  
4 9 2  
5 8 8  
2 5 8  

E f f e c t  

2 3 8 . 4  
- -  1 4 . 9  A 

3 2 6 . 8  B 
- -  6 0 . 1  A B  

6 8 . 6  C 
3 1 . 4  A C  
4 2 . 1  B C  
3 7 . 9  A B C  

- -  3 5 . 8  n 
- -  2 3 . 5  A D  

1 2 2 . 4  B D  
- -  3 1 . 5  A B D  

5 5 . 3  C D  
6 1 . 5  A C D  
7 3 . 5  BCD 
3 2 . 3  A B C D  

The mathematical  treatment  of the data is simple 
and methodical.  A discussion of the computat ion is 
presented in Davies  (8) .  The values  in the effect 
column represent the estimated change in water ab- 
sorption corresponding to each capital letter in the 
far right-hand column. 

The real meaning of the numbers obtained for each 
of the effects or mean squares is masked because of 
the experimental  error of the system. Relative com- 
parisons of the numbers  must  be made to establish 
Whether, say, the --14.9 obtained as the effect of A is 
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due to changing A (% a mono content) f rom low to 
high level (40 to 56). 

The conventional way of doing this is by  analysis 
of variance (Table VI ) .  The mean squares for  each 
main effect and interact ion of two factors  are tabu- 
lated. All mean squares corresponding to terms of 
interactions with more than  two factors  are averaged 
to fo rm the error  term. I n  this example there are 
five mean squares in the error  term. 

T A B L E  V 

R a n k i n g  of Ef fec t s  

R a n k i n g  R a n k i n g  
p robab i l i ty  of effects 

3.4 
10.0 
16.7 
23.4  
30.0  
36.7 
43.4  
50.0 
56.7 
63.4 
70.0 
76.7 
83.4 
90.0 
96.7 

14.9 
23.5 
31.4 
31.5 
32.3 
35.8 
37.9 
42.1 
55.3 
60.1 
61.5 
68.6 
73.5 

122.4 
326.8 

The magni tude  of the mean squares in Table VI  
are all compared to the error  term. Statist ical  theory 
tells us tha t  these mean squares can be expected 
to va ry  just  by  chance. By  use of the F test  we can 
test  to see if  the var ia t ion is due to chance. In  our 
example the F test  indicates tha t  a value as large as 
1,070,400 could be obtained by  chance. Only the 
Fac tor  B mean square  is larger.  This indicates tha t  
Fac tor  B is the only detectable variable related to 
water  absorption. In  Table I V  the estimate of the 
B effect was 326.8. Statistics show that  the magni tude  
of the other effects could be a t t r ibu ted  just  to experi- 
mental  variations.  The interested reader  is again 
re fe r red  to Davies for a detailed discussion of these 
techniques. 

T A B L E  V I  

Ana lys i s  of V a r i a n c e  

D e g r e e  of M e a n  s q u a r e s  Source  of v a r i a t i o n  f r e e d o m  

.A .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C ........................................................... 
J) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

fi_{) ........................................................ 
]~(~ ........................................................ 
flxD ....................................................... 
B D  ....................................................... 
OD ....................................................... 
E r r o r .  ................................................... 

14,161 
6 ,832 ,996**  

301 ,401  
8 1 , 7 9 6  

231 ,361  
63,001 

113 ,569  
35,344 

958 ,441  
195 ,364  
161 ,937  

Cr i t ica l  I~ tes t  a t  9 5 %  ~ 6.61 >( e r ro r  ~ 1 ,070,400.  

Another  statistical procedure  (7) has been devel- 
oped for  making  decisions of this nature.  To apply  
this graphical  method we first r ank  the effects f rom 
'gable I V  in order of ascending" absolute magnitude.  
The ranking  is shown in Table V. A ranking  prob- 
ability, expressed as percentage, is a t tached to each 
of the rankings.  This is obtained f rom the formula  
i -- 1/2 

, where n is the total  number  of rankings  
n 

(15 in our ease) and i is the par t i cu la r  ranking.  The 
value of i can v a r y  f rom 1 up to n. 

These pair ings  can then be plot ted on half  normal-  
probabi l i ty  pape r  (F igure  2). I f  the magni tude  of 

the effects jus t  resul t  f rom exper imenta l  variation,  
these points should all cluster a round  a s t ra ight  line. 
When  significant effects are present,  they will repre-  
sent the larger  rankings  and fall  well off the line esti- 
ma ted  for  the other rankings.  

340, 

320 1 

240 

i n .  

~.1 160 

80 O ~ H A L F  NORMAL 
J - PROBABILITY PAPER 

. . . y  
0 ~ ' 1  I I ~ I I I I I 0 20 40 60 80 90 96 98 99 99.8 

PER CENT 
F r o .  2. H a l f - n o r m a l  g r a p h i e n l  a n a l y s i s :  w a t e r  a b s o r p t i o n  r e -  

s u l t s  w i t h  r e a r r a n g e d  m~ ,a t  f a t  c o d e d  da t a , .  

In  F igure  2 only one point  falls well off the s t ra ight  
line which was fitted to the other points. This effect 
is important .  Reviewing Table IV, we see it is Fac tor  
B. Addi t ional  informat ion  on these graphical  meth- 
ods m a y  be obtained f rom an article by Daniel  (7). 

The two techniques of analysis m a y  be used joint ly 
so tha t  erroneous decisions are minimized. The final 
conclusion is that,  of the four  factors  which were 
varied,  only B created a significant effect. 

We have a t t empted  to convey some of the concepts 
behind experimental  design, pa r t i eu la r /y  two-level 
factorials.  Perhaps  this introduct ion to experimental  
design will allow a ful ler  unders tand ing  of the dis- 
cussion on the use of factorial  designs in the experi- 
nlent described in P a r t  I I  of this paper.  

II. The Factorial Experiment 

T 
HE EFFECTS Of individual variables  on the per- 
formanee characterist ics of shortening have been 
considered by  several authors.  Swanson (1) dis- 

cussed this under  three categories: handling, quality, 
and  stability, as applied to shortenings for  d ry  mixes. 
He  listed water-emulsi fying abil i ty as an impor tan t  
test  of the quali ty of a shortening. He  also considered 
the effect of f a t t y  acid, type of shortening, amount  
of shortening, level of monoglyceride emnlsifier, type 
of emulsifier, i.e., hard  or soft, and ra t io  of mono- 
glyeerides to diglycerides. These factors  were all 
considered individually,  and there was evidently no 



6 5 4  T H E  J O U R N A L  O F  T H E  A M E R I C A N  O I L  C I t E I ~ { I S T S '  S O C I E T Y  V O L .  3 7  

atteinpt to determine the interactions, if  any. Bailey 
and McI(inl ley (2) developed a "rat iona l"  method 
for evaluating the creaming qualities of shortening. 

St ing]ey and Wheeler (3) discussed the meaning 
of commonly-quoted values as related to shortening 
performance,  stating that some of the various chemi- 
cal and physical  constauts of a shortening cau bc 
translated by an experienced operator into approxi- 
mate terms of shortening performance,  but, in order 
actual ly to prove what  a shortening will  do, perform- 
ance tests are required. They described briefly the 
fo l lowing tests: pound cake, wet-creaming vohune, 
icing volume, layer cake, water absorption, dry-cream- 
ing volume,  and t)rcparcd mix. 

Kuhrt  and Wch;h (4) have shown that cake-vol- 
ume measurements  can be sufficiently precise to use 
in the evaluation of monoglyccrides.  They also rc- 
port that different types of nlonoglycerides have be(m 
shown to possess inarkc(l (liffcrcnccs in their activity 
in cake baking, observing lint)roved activity Wtlell 
m o n o c s t l u ' S  m a d e  f r o n l  f a t s  c o n t a i n i n g  u n s a t u r a t c ( [  
acids wc,'c used. They conclude that in a watcr-at)- 
sorpti(m test the unsaturated fatty  acid monoglyccr-  
ides arc considerably more active than the monocslc,'s 
of saturated fa l ty  acids. 

An  cminent ly  valid but apparently  disregarded COl> 
clusion was rcI)ortcd by IIarris, El)stein, and Calm 
(5) in 1941, wherein it was stated tmcqlfivocally, 
" It is commonly  and erroneously acccl)ted by many 
in the industry  that the amount  of water which can 
be emulsified in a shortening is a measure of the 
efficiency of the shortening in the production of cakes 
with incrcasc(t I)rolmrti(ms of sugar  and mois tu re . "  
In spite of this early appraisal  nlany large consunlcrs 
of high-absorption shortening include a water-absorp- 
tion requirement as oue of thcir specifications. 

A second tcst usual ly  applied is icing volume, wh ich 
is of vital  concern to the baker who wishes to stock 
a Ininimum number of shortenings. 

The effects of four factors that may  be regulated 
in the product ion of shortening were examined: the 
monoglyceride  content of the emulsifier, the hardness 
or plast ic i ty  of the emulsifier as indicated by its I.V., 
the level of use of the emulsifier, and the effect of 
tempering or not  tempering the resultant shortening. 

Several  criteria of commercial  importance were 
considered in adjudging the effects of vary ing  these 
factors on the performance of the resultant shorten- 
ing. The performance tests were: icing volume,  cake 
b a k i n g ,  w a t e r  a b s o r p t i o n .  The  i c i n g - v o l u m e  and 
water-absorption tests are standard methods.  

In  the cake-baking tests standard white,  yellow, 
and devil 's  food cakes were baked, and the volume 
in ec. of two layers of  a scaled weight  of batter in 
each as well  as the over-all cake scores are reported. 
The cake formulas  used are given in Table V I I  and 
the scoring method in Table VIII .  

In spite of  doubts as to the significance of water- 
absorption results, as corroborated by St ingley  and 
Wheeler,  and Harris  et al., the effects of  vary ing  the 
several factors on this property  were determined. 

M E T H O D  

Ic ing-Volume Determinat ion  
Formula 

Powdered  10X sugar ( s i f t ed )  ............................ 681.0 g. 
S h o r t e n i n g  ............................................................... 170'.3 g. 
D i s t i l l ed  water  ........................................................ 128.0 cc. 

T A B L E  V I I  

C a k e  F o r m u l a s  

1 3 0 %  Devi l ' s  food 
I n g r e d i e n t s  ( g . )  W h i ~ e  c a k e  c a k e  

C a k e  f l ou r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S u g a r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N . F . D . M . S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sal t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B a k i n g  p o w d e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B a k i n g  s o d a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
()rc~ml ef  t a r t a r .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F; r t , a k f a s t  cocoa  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E n n d s i f i e r  sho rhmin~"  . . . . . . . . . . . . . . . . . . .  
"Water .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W a t e r .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
W a t e r .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

V~:hole c c:g's . . . . . . . . . . . . . . . . . . . . . .  I 
Eg'~ yo lks  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
Eg'g w h i t e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T t a l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Scah ,  3 5 0  ~, in to  

1 8 1 . 6  
2 3 6 . 1  

1 8 . 2  
4 . 5 3  
9 .9  

2 . 5 5  

9 0 . 8  
9 9 . 8  
2 7 . 2  

1 3 . 2  

1 2 2 . 5  

8 0 6 . 7 8  

t w o  

Y e l l o w  
cake  

1 8 1 . 6  1 8 1 . 6  
2 3 6 . 1  2 3 6 . ]  

2 2 . 7  3 1 . 7  
3 .4  5 . 6 6  
9 . 0 6  9 . 0 6  

...... 3 .4  

3 6 . 3  
7 7 . 7  S 0 . 6  

1 0 0 . 0  1 2 7 . 0  
3 6 . 3  4 5 . 4  
] 8 .2  5 0 . 0  
4 5 . 4  9 9 . 8  
7 2 . 6  ...... 

S();I.()(I 906.(12 

8 in.  p a n s .  

TA I~LE VJI. I 

(!~ I<e-F; t < ~ T e s t  R c p o r t  

F, x t e r n a l  1 n t o r n a l  

]Carter m i x e d  ~ Vo]llllll, 2 0  ({Vaill 
B a t t e r  v i s cos i ty  Color  of c r u s t  5 Color  o f ( . r u m b  
B a t t e r  Spec i f ic  gr  tv i tv  Sy~ 't "y )f f o r m  5 A r o n l a  
Bat tc r  a p p e a r a n c e  (~hnra( , tvr  of c r u s t  5 T a s l e  
C a k e  vo lume ,  ec.  T o t a l  35  T e x t u r e  
C a k e  w e i g h t ,  g .  T o t a l  

Tota l  c a k e  s(,or~, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I o 0  

2 5  
I 0 

5 
Io 
15 
35  

Procedure. Pl'tce sugar,  shortening,  and half of the water 
in a 3-qt. bowl,  us ing  a paddle type of  beater;  mix ingredients 
at speed # 1  (144 r.p.m.) until  a thick paste is fm'nwd. 

Change mixer to speed # 2  (258 r.p.m.) ; and a f te r  2 nlin. 
add remnining  water s lowly over a period of 3 rain. 

Scrape down bowl. Continue creaming  for  a lo~a] of 24 rain., 
taking ~L weight sample at 10 rain., 15 rain., 20 rain., and 24 
rain. in n calibr'~ted density cup. 

Calibration of Ih~,,.~ity Cup. A stainless  steel cup with a 
volume of 234 ec. is used. The volume of  the cup is not eritienl, 
but a volume of  at least 200 cc. is recommended. 

Calculation 

Volmne of  cup 
X 100 -- 100 volume of  icing in co. 

Weight  of  sample  per 100 g. 

M E T H O D  

Water -Absorpt ion  Determina.t ion 

Weigh  3-qt. mixer  bowl and paddle  beater. Add 200 g. of 
shortening.  Set  mixer  on speed # 2 (250 r .p.m.) ,  and ag i tate  
for  30 sec. Beg in  adding  water  at the rate  of  20 cc. per minute  
(cont inuous ly  f r o m  a 2-liter flask suspended on a r ing  stand 
above the bowl  and added to the bowl  by s iphoning)  unt i l  the 
enmls ion  breaks.  Record t ime when completed,  and weigh'bowl ,  
beater, shortening,  and water.  

Example 

( S t a r t )  W e ig h t  of  bowl and beater ............ 898 g. 
shortening  ............ 200 g. 

1098 g. (Tota l )  
(F in i sh )  W e i g h t  of  bowl,  beater,  shorten- 

ing,  and water  .............................. 2608 g. 
W e ig h t  of  bowl,  beater,  and 

shortening  ..................................... 1098 g. 

W e ig h t  of  H~O ................................ 1510 g. 

For  200 g. of  shortening,  

1510 
- 755% 

2 

Experimental  

Some of the factors amenable to control in the 
production of shortening may be designated as follows: 
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A---~nono content of the monoglyceride (alpha) 
B--iodine value (I.V.) of monoglyceride 
C - - l e v e l  o f  a d d i t i o n  i n  s h o r t e n i n g  

D - - t e m p e r i n g  

There had been indications that  a blend of the 
monoglyeerides  at the two levels used in B was su- 
perior to either one or a single monoglyeeride deriva- 
tive of I.V., equivalent to that of the blend, so an 
addit ional  experiment  was conducted in which the 
high and low level of B were blended to give, in effect, 
a third level of B. 

To obtain two levels of nmnoglyeeride content and 
I.V., four  monoglycerides  were prepared as shown in 
Table IX.  

T A B L E  I X  

A.lpha mono I .V.  of 
monoglye- 

content ,  % er ide  

i~r 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 .5  58 
Monoglyeer ide  2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55 .7  56  
Monog]ycer ide  3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 3 . 4  90 
lVIonoglyeeride 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 .2  90 

For  the second exper iment  in which a third level 
of Fac tor  B was examined, 1 and 3 and 2 and 4 were 
blended to give an I.V. of approx imate ly  75. 

For  Fac tor  D eight samples were used without  
tempering, and eight of the samples were " t e m p e r e d "  
for 24 hrs. in an 86~ cabinet and allowed to equili- 
brate at room tempera ture ,  75~ before using. 

The levels at  which each factor  was examined in all 
,ombJnations were: 

Low lewd H i g h  level 

A 4 0 - 4 4 %  alpha m o n o  c o n t e n t  5 5 - 5 7 %  alpha m o n o  c o n t e n t  
B 5 6 - 5 8  I . V .  9 0  I . V .  
C 1.75% alpha mo~,o a d d e d  2 . 5 %  alpha mono a d d e d  
I) n o t  t e m p e r e d  ( - - )  t e m p e r e d  ( + )  

These levels were chosen on the basis of the type of 
1)roduets general ly used in high-absorption baker ' s  
shortenings. This type of shortening represents,  at 
1)est, a compromise for all general bakery  use except 
fryirlg. I f  cake volume and quali ty are the only crite- 
ria of performance,  a lower range of iodine values and 
higher use levels have been shown to be beneficial by  
such authors  as Swanson, Kuhr t ,  and others. Prod-  
nets of much lower I.V. or eonversely much higher 
ti ter than  the products  represented have been shown 
to have very  deleterious effects on water  absorption 
and icing volume. 

In  this exper iment  a s tandard  hydrogenated  vege- 
table oil shortening (Kopald  ~) was used as the base 
stock. Trea tment  combinations are listed in Table X. 
Where  the number  (1) appears,  all factors  are at the 
lower level. Where  the small let ter  a, b, c, d appears,  
it means the factor  is at the higher level. 

Sixteen addit ional  combinations were examined, 
using a blend of the high mono, low and high I.V. 
monoglyeerides, and the low mono, low and high I.V. 
monoglyeerides. E igh t  of these combinations were 
tested with hydrogenated  vegetable oil shortening 
(Kopald) ,  and eight with a new Fac tor  "E,"  a rear- 
ranged meat  fa t  shortening ( P u r i t y ) .  2 

t T r a d e  name  of the I-IunlKo Company,  ~Miemphis, T e n n .  
2 T r a d e  name  of A r n l o u r  a n d  Company,  Chicago,  I l l .  

The blend of the low and high I.V. monoglyeerides  
make a common I.V. of about 75. Therefore the Fae- 
tor " B "  was el iminated in the coding of the fo l lowing 
treatment combinations: 

T A B L E  X ( 1 )  

Combina t ion  code 

(I) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ab . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

be . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
abe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
b ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
abd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

c d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
aed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
bed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
abed . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I Emulsb 
Et~UlrSi-I t ier  

~nono- 
content, 

% 

40.5  
55 .7  
40 .5  

' 55 .7  

40 .5  
55 .7  
40 .5  
55 .7  

40 .5  
44 .7  
40 .5  
55.7  

40 .5  
55 .7  
40 .5  
55,7  

I . V .  

58 
56 
90 
90 

58 
56 
90 
90 

58 
56 
90 
90 

58 
56 
58 
90 

Leve l  of 
use % 
mono 

added 

1.75  
1 .75  
1 .75  
1 .75 

2.5 
2 .5  
2 .5  
2.5 

1 .75 
1 .75  
1 .75  
1 .75  

2 .5  
2 .5  
2 .5  
2.5 

Temper -  
i n g  

Absen t  
Absen t  
Absen t  
Absen t  

Absen t  
Absen t  
Absen t  
Absen t  

P r e s e n t  
P r e s e n t  
P r e s e n t  
P r e s e n t  

P r e s e n t  
P r e s e n t  
P r e s e n t  
P r e s e n t  

T A B L E  X (2 )  

Combina t ion  Emuls i  
code ti(w 

( 1 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 - r  3 
a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4 - 4  

e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 ~ 3 
ae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 @ 4  

d ............................... 1- t  3 
ad . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 + 4  

ed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 -~- 3 
acd . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 + 4 

e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 - ~ 3  
a e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 + 4  

ee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4 - 3  
ace . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 + 4 

de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 + 3  
ade . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 + 4 

erie . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 d 3 
aede . . . . . . . . . . . . . . . . . . . . . . . . . .  2 + 4 

Emul s i  
t ier  

H l o n o -  
q o l 3 t e n | . ,  

% 
40.5  
55 .7  

40 .5  
55.7  

4(1.5 
55 .7  

40 .5  
55 .7  

40 .5  
55 .7  

40 .5  
55 .7  

40 .5  
55 .7  

40 .5  
55 .7  

Level  
of use ~/, 

t t l o n o  
added  

1 .75 
1 , 7 5  

2.5 
2.5 

1 . 7 5  
1.75 

2,5 
2.5 

1 . 7 5  
1.75 

2.5 
2.5 

1 . 7 5  
1 . 7 5  

2,5 
2.5 

Shor ten-  
Temper -  i nk  base 

in~ s l eek  

Absent  Vegetabh,  
Absent  Ve~'etabh, 

Absen t  VetZetabh, 
Absen t  Vetzetable 

P r e s e n t  Vegetabh~ 
P r e s e n t  Veg, , tabh,  

P r e s e n t  Vet~etabh, 
P r e s e n t  Vege tab le  

Absen t  An ima l  
Absent  A n i m a l  

Absent  An ima l  
Absent  An ima l  

l ' rvmmt  A n i m a l  
P r e s e n t  An ima l  

l ' r , , s en t  An ima l  
[ ) r p N e n t  A n i m a l  

Thir ty- two shortening samples were p repa red  by 
using the requisite amount  of the four  emulsifiers or 
blends of two of the four  monoglyeerides. Each 
shortening was heated to 150~ chilled, and plasti- 
cized in a laboratory-batch Vota tor  under  carefully- 
controlled conditions, tempered or not tempered  as 
the design required, and the water-absorption,  icing- 
volume, and cake-baking tests were performed.  The 
data are summarized in Table XI .  

Results  and Conclusions 

The data obtained from the shortening samples 
wherein the various t r ea tment  eombinations had been 
incorporated were then subjected to statistical an- 
alysis, as previously  described. In i t ia l ly  the analysis 
of variance was employed in which the Yates  Method 
(6) was used to ealeulate the Effeets and Mean 
Squares. The method is i l lustrated in Table XII .  

In addition, a graphical method (7) was  used 
whieh we have designated H a l f - N o r m a l  Graphical 
Analysis  (F igure  2).  This delineates those effects 
whieh are significant but does not  give the sign of 
the effect, i .% whether the property  being measured 
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T A B L E  X I  ( a )  

S u m m a r y  of R e s u l t s - - I n i t i a l  E x p e r i m e n t  

VoL 37 

Treatment c o m b i n a t i o n s  

( 1 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
el) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ac.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/)e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
abc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
bd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
abd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(3(l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a c 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
b e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
abed  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I c i n g  
c c . / l O 0  g. 

Water-  1 3 0 %  W h i t e  c a k e  absorpt ion  

V o l u m e  P e r c e n t a g e  Vol l l l ne ,  ('e, Scol 'e  

1 9 0 0  
1 9 0 0  
1 8 5 5  
2 0 0 0  

1 9 7 5  
1 9 0 0  
I !) 60 
1 8 5 0  

187O 
1 8 5 0  
1 9 5 0  
1 9 1 5  

I 9 5 0  
1 9 0 0  
1 9 5 0  
2 0 5 0  

1 4 3  
1 4 3  
1 4 4  
1 4 4  

1 3 5  
1 3 9  
1.33 
1 2 9  

141  
1 5 4  
1 4 1  
1 4 4  

1 3 6  
1 3 9  
1 3 3  
1 3 2  

5 0 3  
6 5 7  
6 0 3  
7 7 4  

5 7 6  
601 
5 5 5  
8 0 9  

4 7 7  
5 8 4  
4 5 0  
5 6 4  

7 2 4  
5 5 7  
7 5 1  
8 6 9  

88  
9 0  
8 6  
9 4  

93  
8 7  
91 
8 6  

8 7  
8 5  
89  
88  

9 0  
8~ 
9 0  
!)6 

Yel low-cake  

V o l u m e ,  co. Score  

2 5 6 0  9 9  
2 4 3 0  9 0  
2 5 0 0  9 7  
2 5 0 0  9 7  

2 4 7 0  9 4  
2 4 8 0  9 5  
2 4 4 0  9 1  
2 4 5 0  92  

2 4 8 5  9 6  
2 5 6 5  9 9  
2 4 2 5  8 9  
2 5 0 0  9 7  

2 4 0 0  8 7  
2 4 8 0  9 5  
2 4 0 0  8 7  
2 4 1 0  88  

l ) c v i l ' s  food 

V o l n m e ,  cc. 

2 1 3 0  
2 1 5 0  
2 2 0 0  
2 1 8 5  

2 1 4 0  
2 2 4 0  
2 2 2 5  
2 2 4 5  

2 2 0 5  
2 1 9 5  
2 1 8 5  
2 1 6 5  

2 190  
2 1 2 0  
2 1 9 5  
2 1 6 0  

c a k e  

Score  

8 6  
8 8  
8 7  
93  

8 7  
!)5 
9 l 
9 6  

9 2  
92  
9 0  
92  

93  
8 4  
!)2 
8 7  

T l ' e a t l l l r l l t  c o m b i ] l a l i o l l s  

(1 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d ................................................................... 
ad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I'd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a cd  ................................................................ 

e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ce  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ade  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a e d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

is improved in going from the 

T A B I A i ]  X I  ( b )  

S u m u l  ~ 'y  of Resul ts  S e c o n d  ] q x l ) e r i n m n t  

I c i n g  W a t e r -  
col  u a le  absorpt lon  

p e r c e n t a g e  

1 4 3 . 5  
1 4 5 . 0  
1 I 5.0 
1 0 6 . 5  

1 4 1 . 5  
1 4 1 . 5  
1 1 2 . 0  
1 0 8 . 5  

1:14.0 
13 1.0 
] 0 5 . 5  

9 9 . 5  

1:17.5 
1:15.5 
105.0  
10I  .5 

low level 

4 7 3 . 0  
5 4 6 . 0  
9 8 7 . 5  
9 9 2 . 0  

5 5 3 . 5  
5 5 5 . 0  
9 9 4 . 0  
9 4 9 . 5  

5 9 9 . 0  
6 2 9 . 5  
8 4 9 . 4  
5 5 6 . 5  

5 8 4 . 5  
6 6 0 . 5  
9 2 6 . 0  
956 .O 

to the higher 
level. I lenee  it is necessary that the graphical method 
be used in conjunct ion with or in addition to the 
analysis  of variance. 

In the case of water absorption it was found that 
the highest  absorption was obtained when the emulsi- 
fier is at the higher level (2.5% alpha nmno) in the 
shortening.  There also was an interaction between 
the higher level of use and the presence of tempering. 
The diagram below serves to i l lustrate this interac- 
t ion more clearly. 

The diagram indicates the water-absorption values 
which might  be expected under conditions extant in 
each square. Results from the experiment would indi- 

L e v e l  o f  U s e  i n  S h o r t e n i n g  
1 2 

1 . 7 5 % ~ m o n o  2 .5%r m o n o  

( 1 )  ~ c 

1 n o t  t e m p e r e d  - | 628% 629% / ,  

T e m p e r i n g  d c d  

2 t e m p e r e d  + 525% 732% . 

(.ate a decrease in water absorption when the shorten-  
ing  is tempered. I towever  it is know n  tha t  erratic 
results are obtained when the shortening is not tem- 
pered. However  on going from the low level, where 
1.75% a mono is added to the shortening, to the higher 
level, 21/.2% a mono, there is a significant improve- 
ment  in water absorption, particularly when com- 
bined with tempering. The alpha mono e<)ntent of 
the emulsifier, the I.V. of the emulsifier, or" the short- 
ening base stock does not  have  any significant effect 
upon the absorption characteristics of the shortening. 
These conclusions are based upon results at the 95% 
confidence level. 

Where opt imum ic ing-volume is desired, it was 
found that the best results could be obtained from a 
shortening containing the low level of addition of 
emulsifier, plus the use of a vegetable-base stock 
shortening. The use of the high level of addit ion or 
a Bleat-fat type of shortening had a significant effect 

T A B L E  X I I  

A n a l y s i s  of W a t e r  A b s o r p t i o n  D a t a  

P e r c e n t a g e  :Mean 
T r e a t m e n t  Combinat ion  B P e r c e n t a g e  less  5 0 0  ( 1 )  ( 2 )  ( 3 )  ( 4 )  Effec t  squares  

( 1 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
acd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ce . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ace  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ade  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
cde  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a e d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 7 3 . 0  
5 4 6 . 0  
9 8 7 . 5  
9 9 2 . 0  

5 5 3 . 5  
5 5 5 . 0  
9 9 4 . 0  
9 4 9 . 5  

5 9 9 . 0  
6 2 9 . 5  
8 4 9 . 4  
5 5 6 . 5  

5 8 4 . 5  
6 6 0 . 5  
9 2 6 . 0  
9 5 9 . 0  

- - 2 7 . 0  
4 6 . 0  

4 8 7 . 5  
4 9 2 . 0  

5 3 . 5  
5 5 . 0  

4 9 4 . 0  
4 4 9 . 5  

9 9 . 0  
] 2 9 . 5  
3 4 9 . 5  

5 6 . 5  

8 4 . 5  
1 6 0 . 5  
4 2 6 . 0  
4 5 9 . 0  

1 9 . 0  
9 7 9 . 5  
1 0 8 . 5  
9 4 3 . 5  

2 2 8 . 5  
4 0 6 . 0  
2 4 5 . 0  
8 8 5 . 0  

7 3 . 0  
4 . 5  
1 .5  

- - 4 4 . 5  

3 0 . 5  
- - 2 9 3 . 0  

7 6 . 0  
3 3 . 0  

9 9 8 . 5  
1 0 5 2 . 0  

6 3 4 . 2  
1 1 3 0 . 0  

7 7 . 5  
- - 4 3 . 0  

- - 2 6 2 . 5  
1 0 9 . 0  

9 6 0 . 5  
8 3 5 . 0  
1 7 7 . 5  
6 4 0 . 0  

- - 6 8 . 5  
- - 4 6 . 0  

- - 3 2 3 . 5  
- - 4 3 . 0  

2 0 5 0 . 5  
1 7 6 4 . 5  

3 4 . 5  
- - 1 5 3 . 5  

1 7 9 6 . 5  
8 1 7 . 5  

- - 1 1 4 . 5  
- - 3 6 6 . 5  

5 3 . 5  
4 9 5 . 5  

- - 1 2 0 . 5  
3 7 1 . 5  

- - 1 2 5 . 5  
4 6 2 . 5  

2 2 . 5  
2 8 0 . 5  

3 8 1 5  
- - 1 1 9  
2 6 1 4  

- - 4 8 1  

5 4 9  
2 5 1  
3 3 7  
3 0 3  

- - 2 8 6  
- - 1 8 8  
- - 9 7 9  
- - 2 5 2  

4 4 2  
4 9 2  
5 8 8  
2 5 8  

2 3 8 . 4  
- - 1 4 . 9  
3 2 6 . 8  

- - 6 0 . 1  

6 8 . 6  
3 1 . 4  
4 2 . 1  
3 7 . 9  

3 5 . 8  
- - 2 3 . 5  

- - !  2 2 . 4  
31.5 

5 5 . 3  
6 1 . 5  
7 3 . 5  
3 2 . 3  

1 4 , 1 6 1  
6 , 8 3 2 , 9 9 6 " *  

2 3 1 , 3 6 1  

3 0 1 , 4 0 1  
6 3 , 0 0 1  

1 1 3 , 5 6 9  
9 1 , 8 0 9  

8 1 , 7 9 6  
3 5 , 3 4 4  

9 5 8 , 4 4 1 "  
6 3 , 5 0 4  

1 9 5 , 3 6 4  
2 4 2 , 0 6 4  
3 4 5 , 7 4 4  

6 6 , 5 6 4  

S i g n i f i c a n t  level:  9 5 %  1 , 0 7 0 , 4 0 4 .  
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TABLE X I I I  

S u m m a r y  of Resu l t s  

P r o p e r t i e s  

W a t e r  absorp t ion  ..................... 
I c i n g  vo lume ............................ 
W h i t e  cake  score  ...................... 
Whi t e  cake  vo lume ................... 
Yellow cake  score .................... 
Yellow cake  vo lume ................. 
Dev i l ' s  food score  ..................... 
Dev i l ' s  food vo lume  .................. 

Exper i -  
m e n t  

~verage 

628 
140.5 

89 
1901 

94 
2465 

90 
2182  

S ign i f i can t  
f ac to r s  

Level  of addi t ion,  t e m p ' g  
Level  of add i t ion  
None  
None 
Level  of add i t i on  
None  
l~ono content ,  t e m p e r i n g  
None  

Confi- 
deuce 
l imi t s  
(95%) 

4-99 
~ 3 . 9  
--+-3.5 
--+109 
4-3.9 
4-88 
4-3.6 
4-91 

on the icing volume in a negative way. There was no 
interact ion of factors, a~d the factors, alpha mono 
content of emuIsifier, I.V. of emulsifier, and temper-  
ing showed no significant effects. 

I t  is well known that  max imum icing-volume is 
obtained with min imum or no monoglyceride added 
to the shortening stock. However,  in order  to obtain 
desirable icing characteristics, such as moisture reten- 
tion, creaminess, and nonweeping, the use of some 
mono and diglycerides is indicated, but  these prop- 
erties are obtained with some reduction in icing 
volume. 

In  the ranges  examined for the five factors, we 
were unable to show any  significant effect on either 
the volume or over-all cake score of the 130% white 
cake, which is commonly used to evaluate shorten- 
ings and emulsifiers. In  the case of the yellow cake 
the graphical  decision method does indicate that  the 

level of use of the monoglyceride in the shortening 
is significant. However,  con t ra ry  to what  might  be 
expected in going f rom the low level, where 1.75% 
alpha mono is added to the shortening,  to the higher 
level, where 2.5% alpha mono is added to the short- 
ening, the sign of the effect is negative. 

Again it  is fa i r ly  well accepted by those in the 
p repared  mix indus t ry  tha t  as the level of monoglye- 
eride in cake mix shortening is increased, there are 
two peaks. The first m a x i m u m  in volume occurs 
somewhere a round 2 � 8 9  alpha mono, and the second 
slightly higher max imum at  about  4 to 41~% alpha 
mono. Since we added sufficient emulsifier to give 
2 � 8 9  mono added, the shortening would analyze 
about  2.9 to 3% alpha mono. A p p a r e n t l y  the levels of 
use were on either side of the init ial  maximum,  which 
is quite peaked as compared to the second maximum.  
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The Allergen Content of Castor Beans and Castor Pomacc 

E. J. COULSON, JOSEPH R. SPIES, and HENRY STEVENS, Allergens Laboratory, ~ 

Washington, District of Columbia 

The allergen content of 10 varieties of deeortieated, de- 
fa t ted castor beans, as determined by a serological method, 
ranged from 6.1 to 9.0%. This range of allergen content 
probably does not offer an cneournging prospect for the de 
velopment of an allergen-free castor bean by p lan t  breeding. 

The allergen content of samplcs af commercial castor pomace 
ranged from 0.092 to 4.2%. I t  is "~pparent f rom these results 
tlmt some current  commercial milling practices are capable 
of reducing significantly the allergen content of easter pomaee. 

T 
HE CASTOR ~EAN AI,LERGE~r is a nontoxic, unusu- 
al ly stable prote in  (1-5)  tha t  exhibits an ex- 
t r ao rd ina ry  capaci ty  to sensitize individuals 

exposed to small concentrat ions of the dust f rom 
castor beans or castor pomaee (6-10) .  Allergic dis- 
eases caused by sensit ivi ty to easter beans or easter  
bean by-products  appear  likely to become an increas- 
ingly serious problem as the growing, t ransporta t ion,  
and processing of the beans become more widespread 
in this count ry  (11,12). 

Maximal  util ization of castor pomaee as a source 
of industr ial  proteins depends largely on tlle develop- 
ment of a feasible method for  inactivation or elimi- 
nation of the castor bean allerR'en. Previous endeav- 

1 Th i s  is a l abo ra to r y  of the  E a s t e r n  Ut i l iza t ion R e s e a r e h  and  
Deve lopmen t  Div i s ion ,  A g r i c u l t u r a l  R e s e a r c h  Service ,  U.  S. D e pa r t -  
men~ of Agr i cu l t u r e .  

ors (13,14) to inactivate the allergen by chenlical 
and physical  methods indicate that  reactions drasti(, 
enough to destroy the allergen also destroy the useful  
proteins. Selective plant-breeding has been proposed 
(15) as a possible means of diminishing and ulti- 
nlately el iminating the undesirable Mlergenic com- 
ponent  f rom castor beans. The feasibi l i ty of such a 
p rogram would depend upon the demonstrat ion of 
a na tura l  var ia t ion in coneentrai iou of the allergenic 
component  in different varieties of castor beans. The 
Inlrpose of the present  s tudy was to investigate tile 
range of allergen concentrat ion in different vari-  
eties of castor beans in order to supply  this informa- 
tion. Also the allergen content of a few samples of 
commercial  easter  pomaee was invest igated to deter- 
mine the effect on the allergenic components of dif- 
ferent,  cur rent  castor-bean mill ing practices. 

The quant i ta t ive  precipi t in  method developed by  
Heidelberger  and Kendal l  (16) was used for deter- 
mining the allergen content  of castor beans. This 
method utilizes the normal  immunological  protect ive 
reaction of a live rabbi t  to an invasion of its tissues 
by a foreign protein. Inject ion of the foreign protein, 
called antigen, st imulates the product ion of some 
newly formed blood proteins, called antibodies. Anti-  
bodies exhibit the unique p rope r ty  of react ing spe- 


