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Plant Results 
Sludge. During the drossing of t in stacks, sludge 

was removed and weighed from stacks on palm 0il 
and on low polyunsaturated tallow. The results are 
shown in the following Table IV. 

TABLE I V  
Sludge Yield 

Original  
Oil Sludge, polyunsatu- 

lbs. ra ted  acids 
(%)  

Palm .............................................................. 253 9.5 
Low polyunsa tura ted  tallow. ........................ 35 1.3 
Ratio ............................................................. 7.23 7.31 

I t  appears significant that the sludge is directly 
proportional  to the polyunsaturated acid content of 
the oils. 

Consumption. Figure  2 shows the consumption of 
t inning oil per base box at two different t inning 
mills. I t  is to be noted that  consumption increases 
with increasing polyunsaturat ion and that  the curves 
for '  the two mills are parallel. The reason for the 
higher Consumption in the second mill is due to a 
different mode of operation. 

Factors  that  contribute to different Consumptions 
are higher rate of formation of free f a t ty  acids, main- 
tenance of a lower level of viscosity, and greater  speed 
of plate travel  through the stack. 

Ferenee and Johnson (5) report  results which are 
similar to three of the points shown above for  the 
first mill. 

Prime Plate Yield. One of the mills kept accurate 
records of the prime plate produced dur ing  the ex- 
periments. The low polyunsatu.rated tallow resulted 
m an increase of over 5% in prime plate yield over 
the results with palm oil. Both mills stated that  the 
tallow (low p o l y u n s a t u r a t e s )  plate was definitely 
brighter. 

Conjugation. In  regard to conjugation it was found 
that reclaimed or spent oil which appeared to have a 
large conjugated diene content according to the offi- 
cial speetrophotometrie method would not make good 
plate beeause of oil staining. I towever it was found 
that color which had been formed was interfer ing 
with the conjugated diene determination. Therefore 
the t rue conjugated diene content was unknown. 

Summary 
1. A theory was outlined, which predicts that  low 

polyunsaturat ion should result in better  t in plate at  
lower oil consmnption. 
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2. I t  has been shown that  low polyunsaturat ion 
results in lower oil consmnption in actual mill tests. 

3. The percentage of prime plate is higher for  
lower polyunsaturat ion.  

4. I t  has been demonstrated that  percentage of poly- 
unsaturat ion is lower in spent oils than in the origi- 
nal, indicating preferent ial  reactivity of this fraction. 

5. By  actual mill test it has been shown that  the 
percentage of sludge increases with the percentage 
of polyunsaturat ion in the original oil. 
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Color Characteristics and Chemical Analyses of Oil from 
Frost- and Weather-Damaged Soybeans 1 
DUNCAN MACMILLAN and EUGENE H. MELVIN, Northern Utilization 
Research Branch, 2 Peoria, Illinois 

I N an earlier paper  (1) some spectrophotometrie 
methods for grading green soybean oil were pre- 
sented. These methods were based on measnre- 

ments made on oil whieh had been extracted from 

1Presented a t  the American Oil Chemists' Soc i e ty  spr ing  meeting, 
Sail ~'~ntonio, Tex,, April 11-14, 1954. 

2One of the Branches  of the Agr icul tura l  Re,search Service, U. S. 
Depar tment  of Agriculture.  

soybeans of two varieties, grown in different fields 
and artificially frozen at several stages of ripeness. 
To make the methods more generally applicable, natu- 
rally frost-damaged soybeans from commercial sources 
were sought. Inquiries to several producers brought 
suitable samples of frost-danlaged soybeans, and two 
cans of ~reen oil. Localities represented in this group 
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TABLE I 
Analytical Data on O11 Samples 

VOL. 32 

Oil 

J .............................................. 

2 ............................................. 

3 ............................................. 

4 .............. '. ............................. 

5 ............................................. 

6 ............................................. 

7 ............................................. 

8 ............................................. 

9 ............................................. 

11 . . . . . . . . . . . . . . . . . .  

Green NiSOa 
equiv. D7oom~ 

A.O.C.S. color 

Photo- 
V~'esson 

22.0 

6.6 
7.6 

10.6 
2.1 
2,2 

6.9 

~Ref. 
loss grade 

m m .  

13.2 
15.0 
16.2 
16.0 
19.8 
20.1 
22.1 
23 . l  
31,6 
59.1 

0.380 
0.428 
0.492 
0.412 
0.440 
0.395 
0,480 
0,480 
0,79 
1.30 

metric 

23.5 

8.1 
8.0 

12.2 
2.3 
3.2 

6.9 

% 
23.6 

10.4 
9.4 
6.7 
6.9 

38.7 
lO.O 

F.F.A. 

% 
0.7 

0.6 
0.6 
1.2 
0,6 
0.6 
1.2 
0.7 

I .V.  

123.8 
121.3 
130.4 
122.8 
126.2 
119.6 
120.8 
118.0 
127.4 
106.6 

of samples were Oklahoma, Mississippi, Iowa, and Illi- 
nois. In  addition to samples sent f rom elevators and 
producers,  other soybeans were obtained f rom a late 
plant ing on a f a rm  in Peoria  County which, for tu-  
nately for the present  work, were frosted before they 
had m a t u r e d .  To s tudy the p r o g r e s s i v e  effect, of 
weather  damage on frosted soybeans, the local plant-  
ing was harvested at three intervals  af ter  the frost. 
A patch of soybeans on another  f a rm  was frosted in 
the field with solid carbon dioxide. Soybean plants  
were covered with tarpaulins,  and carbon dioxide was 
thrown on the ground and lower par ts  of the plants. 
The air t empera ture  did not fall below 28~ ( - -2~  
Only oils which were either dark, g r a d e d  oils, or  were 
actual ly in the green grades, were considered in this 
program.  

E x p e r i m e n t a l  

After  the soybeans were cracked and flaked, the oil 
was extracted in a 2-gallon Soxhlet extractor, using 
trichloroethylene as solvent. One early batch was ex- 
t racted with hexane, but  the renlaining samples were 
extracted with tr ichloroethylene because it removed 
pigments nlore thoroughly than  hexanc. Admit tedly  
extraction with tr ichloroethylene is not a prevai l ing 
practice, but  the purpose was to obtain dark  oils. 
That  hexane and  triehloroethylene extract  pigments  
in the same ratio was shown by  comparing oils f rom 
the same soybeans extracted with both solvents in a 
Duboscq colorimeter. By vary ing  the depths, it was 
possible to obtain an exact color match between the 
two oils. 

Diethyl ether also was tr ied as a solvent, and al- 
though it produced dark oil, the assortment of pig- 
ments extracted was so different f rom those extracted 
with either of the other solvents that  no match could 
be made in the colorimeter. 

Each extracted oil was compared with nickel sul- 
phate  solution B (2) ( 9 ~  nickel sulphate in water)  
in a Duboseq colorimeter, with the specified red-glass 
filter, to establish the green grade and to determine 
the depth of solution required to match one inch of 
oil. The matching provided a continuous scale for  
comparison with optical density (1). 

Absorpt ion spectra of the crude oils were measured 
with a Coleman Model 6B 3 speetrophotometer,  and 
20% solutions of them in carbon tetrachloride were 
measured with a Cary  recording" spectrophotometer.  

The oils available in sufficient quantit ies were re- 
fined and bleached with both na tura l  and act ivated 
earths, and, as a characterizat ion of the samples, free 
f a t ty  acids and iodine values of the crude oils were 
determined. W esson colors and A.O.C.S. ph0t0met- 

aThe mention of firm names or trade products does not imply that  
they are endorsed or recommended by the U. S. nep~r tment  of Agri- 
culture over other firms or similar products not mentioned, �9 

rie colors were measured for  refined, bleached oils. 
All methods used were official N.S.P.A. or A.O.C.S 
procedures. 

D i s c u s s i o n  

Data  presented in Table I show characteristics of 
the oils. The heading "Nickel  Sulphate  Equ iva l en t "  
means the depth of solution B required to match 1 in. 
of oil. Samples 1, 3, and 9 were f rom the local farm. 
Number  9 was harvested immediately  af ter  f ros t ;  
Number  3, 2 weeks la ter ;  and Number  1, 2 months 
later. I t  is evident that  weather ing destroyed the 
porphyr ins  originally present  and p r o d u c e d  o the r  
changes which b rough t  about  a high refining loss. I t  
had been expected tha t  weather  damage would pro- 
duce darker  oils. Sample 8 was f rom commercial 
soybeans which showed a large amount  of weather  
damage. 

Inspection of the data presented in Table I of the 
earlier publicat ion (1) shows tha t  a steady increase 
in iodine value occurs as the soybeans r ipen and a 
decrease occurs in free f a t ty  acid and refining loss. 
The samples described in this paper  were procured 
at random so tha t  the soybeans are of different vari-  
eties and f rom several localities. I t  is not surprising, 
then, tha t  the correlation shown in Table I between 
green grade and these propert ies is less regular  than 
in the 1952 series. Sample 11, the darkest  ever en- 
countered at  this laboratory,  was extracted f rom soy- 
beans sent in by a cooperative elevator. They showed 
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some weather  damage but, in general, looked no worse 
than some lots of soybeans which produced bet ter  oil. 

A difference was noticed in response to na tu ra l  and 
active earths when refined oils were bleached. In  some 
cases, repor ted in Table I I ,  the difference was marked,  
bu t  in others  it was slight. 

In  the graph  (Figure  1) which shows optical dens- 
i ty at  700 m~ versus nickel sulphate equivalent,  there 
is less regular i ty  than  was found in the ma tu r i ty  
series. I n  the graph  presented in the earlier paper  
(Figure  2) the points fell on a smooth curve. The 
scatter  of the points in the present  work was such 
tha t  a s t ra ight  line was the best representat ion of the 
new data. Since there were no na tura l ly  frosted soy- 
beans in 1952, it was suggested that  it might  be 
necessary to move the limits between grades 1 and 2 
(optical density 0.5 at 700 mt~) and grades 2 and 3 
(optical density 0.7). The optical density at 700 m/~ 
for  the lower l imit  of grade 2 becomes 0.45 whereas 
that  for  grade 3 becomes 0.58. 

The scat ter  in F igure  1 can be accounted for  by  
the greater  background present  in the absorpt ion 
spectra of some of the samples. F igure  3 shows ab- 
sorption curves obtained with the Cary  spectropho- 
tometer  for  oils in all 3 grades. Backgrounds in the 

T A B L E  II 

Effect  of N a t u r a l  and  Act ive  E~r ths  on 
Bleached  Color of Soybean Oil 

Wesson  color 
Oil 

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

A.O.C.S. photo- 
me t r i c  color 

Na,tural  Active 

23.5 19.7 
8.1 5.7 
8.0 4.0 

12.0 :12.2 
4.7 2.3 
3.8 3.2 

10.7 6.9 

N a t u r a l  Act ive  

70Y 22 .0R 70Y 18.71~ 
6 ,6R 5.7P~ 
7.6B, 4.71~ 
5 . 7 ~  10.6t~ 
4.81~ 20Y 2.1R, 
5 . 2 ~  20Y 2.21~ 
9 .0R 70Y 6.91~ 
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b o n  t c t r a c h l o r i d e .  

grade-3 oils are fa r  greater  than that  of any  oil en- 
countered in the 1952 series, and a po rphyr in  absorp- 
tion is superimposed on this background.  Vary ing  
amounts of background were found in the several oils 
which scat ter  a round the line. Two samples, Numbers  
3 and 8, had the same optical densities at 700 mt~ 
measured in the Coleman ins t rument  bu t  had differ- 
ent nickel snlphate equivalents. When a comparison 
of the Cary  curves was made, it was found that,  al- 
though the 670 mt~ peaks were of the same density, 
the peak positions and the shape of the bands were 
different, with more absorpt ion in the region between 
the short  wavelength l imit  of the filter, 630 m~, and 
670 nl~ in the oil of higher nickel sulphate reading. 
Another  pa i r  of oils, Numbers  3 and 4, had the same 
nickel sulphate equivalents and different Coleman op- 
tical densities; and, again, inspection of the Cary  
curves showed tha t  a difference in sharpness of the 
absorpt ion bands  permi t ted  like quantit ies of light 
to pass in the region beyond 630 m~ al though the 
density at  the peak is greater  in one than  in the other. 

Refining losses were unduly  high, iodine values were 
lower than  normal,  and free f a t t y  acid was slightly 
higher than normal  for  all oils. Most oils were  diffi- 
cult to refine, one produced loots which required five 
remelts. 

Discounts or p remiums  (2) which would be applied 
to the green soybean oils are shown in Table I I I .  All 
bu t  two oils would have been subject  to heavy penal- 
ties. These two oils would have taken a penal ty  for 
green grade and were the only screw-pressed oils 
available for  this study. When  the visaal, crude, 
g r e e n - g r a d i n g  method was adopted in 1942, screw- 
pressing was the prevai l ing practice and accounted 
for  about  75% of the oil produced. In  recent years  
75% or more of the soybean oil has been produced 
by  solvent extraction. The method or scale of penal- 
ties may  need revision if the differences in bleaching 
response presented here can be substant ia ted on a 
larger  n u m b e r  of samples. The common practice of 
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TABLE III 

Percent  Discount  or P remium for Green Grade, Refining Loss, and  
Refined Bleached Color of Green Soybean Oils 

Green- Discount  Discount  or Net 
Oil g rade  for  p remium for diseo.unt 

discount  RBC a I~L b 

1954 Beans  

65 ....................... ..................... :.Jl 11 SampleNone ~grade 0.221.80 (premium)(disc~ II Sample0.78grade 

7 ................ I 0.07 (premium) 0.93 9 ................ ZZ::I ~ None~ 6.25 ~ 2.25 (discount)  8.50 

1952 Beans  

5 ........................ ] 1 Sample grade  0.22 (pre~nium) Sample grade I 6 1 Sample grade 9.15 (discount)  Sample g rade  
7 ........................ 1 Sample grade. 6.45 (discount)  Sample g rade  
8 .................. 2 Sample g rade  1.28 (discount)  Sample grade  
9 ................ ]..::::: 2 . Sample grade  12 .00(d iscount )  Sample g rade  

" R B C - - r e f i n e d  bleached color. 
u P~L---refining loss. 

Green-grade discount  applies only if RBC discount  is less than  green- 
grade  discount.  

blending frost- or drought-damaged soybeans with 
sound soybeans before processing has made it ex- 
t remely difficult to procure samples of damaged soy- 
beans or oil f rom damaged soybeans. Extensive green 
damage would raise processing problems in which the 
present  N.S.P.A. grading system would not give the 
real value of the oil. 

The authors are not in a position to state what  
effect variety,  locality, and weather  dur ing the grow- 
ing season may  have had on the refining and bleach- 
ing qualities of the oil in frosted soybeans. There 
were however some indications that  var ie ty  and proc- 
essing were involved. Some samples of soybeans did 
not look unusual ly  bad, but  they prodneed dark oil 
whereas other soybeans which were entirely green 
and badly  shriveled produced bet ter  oil. 

Summary 
Frosted soybeans and oils f rom frost-damaged soy- 

beans were obtained f rom the f a rm and commercial 
sources. All soybeans used were classed as inferior,  
according to the Handbook of Official Gra in  Stand- 
ards of the United States, with respect to both green 
and weather damage. Loca l i t i e s  r e p r e s e n t e d  were 
Oklahoma, Mississippi, Illinois, and Iowa. Spectre- 
photometric m e a s u r e m e n t s  and visual comparisons 
were made to establish the green grades. I f  the neces- 
sary  quantities of oils were available, the samples 
were refined and bleached; otherwise only the chemi- 
cal analyses, green grading, and spectrophotometric 
measurements  were made on the crude oils. Iodine 
values and free f a t t y  acid were determined also. 

I f  a spectrophotometric method for  the green grad- 
ing of soybean oil were to be adopted, present indica- 
tions are that  the boundary  between grades 1 and 2, 
comparable to the present  N.S.P.A. grading system, 
should be at optical density 0.45 at 700 mt~, as meas- 
ured in a 21.8 nlnli I.D. tube in a Coleman Model 6B 
instrument,  and tha t  between grades 2 and 3 should 
be at optical density 0.58. I t  is recommended tha t  
duplicate sys tems,of  green grading be avoided. 
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The Infrared ,Spectra of Mono-, Di-, and Triglycerides I 
ROBERT T. O'CONNOR, ELSIE F. DuPRE, and R. O. FEUGE, Southern Regional 
Research Laboratory, ~ New Orleans, Louisiana 

R A P I D L Y  growing interest  ill various types of 
modified glycerides has been evidenced by  an 
increasing number  of p u b l i c a t i o n s  describing 

their  prepara t ion,  purification, physical and chemical 
properties,  and their possible uses. These modified 
glycerides include products  obtained by  hydrogena- 
tion and fraetionation,  mixed glycerides of long- and 
short-chain f a t t y  acids such as acetostearins, and mix- 
tures of mono-, di-, and triglycerides.  

Whi le  ehemiea l  m e t h o d s  for  analyzing modified 
glyeerides are generally satisfactory, some of them 
are tedious and others are not entirely adequate for 
investigational and control purposes. Physical  meth- 
ods which would provide rapid  and eonvenient means 
of determining quali tat ively and quant i ta t ively  spe- 
cific glyeerides present  in admixtures  as well as t rans-  
isomer content would be extremely useful. 

I n f r a r ed  absorpt ion appears  to be a most promis- 
ing physieal  tool for  analytical  purposes. However  
before development of any  speeific procedure  c a n  be 
at tempted,  the spectra of several pure  glycerides, rep- 

aPresented  a t  the 45th annua l  meet ing of the American  Oil Chemists'  
Society, San Antonio, Tex., Aor i111-14 ,  1954. 

~One of the laboratories  of the Southern  Utilization Research  Branch ,  
Agr icul tura l  Research  Service, U. S. Depar tment  Of Agricul ture .  

resentative of the various types, must  be obtained 
and characterized. Availabi l i ty of such compounds 
in this labora tory  has afforded an mmsua l  opportu- 
ni ty  to obtain and examine the inf rared  speetra of 
several types of glyeerides. The purpose of this pa- 
per  is to repor t  the in f ra red  spectra of 21 pure  glyc- 
erides, including various mono-, di-, and triglycerides 
of long-chain (C14, C1~, and Cls) f a t ty  acids, both 
sa turated and unsaturated,  and of mixed long- and 
short-chain f a t t y  acids, such as diaeetotriglyeerides. 
With  two or three exceptions, which are included for  
completeness, none of these spectra has heretofore 
been published. The inf rared  spectra  of these com- 
pounds in the rock salt region, 2 to 12 microns, are 
presented. Conclusions which can be obtained from 
their  examination and  which are of possible impor- 
tance to the development of analyt ical  methods are 
discussed. 

Experimental 
I n f r a r ed  absorpt ion spectra were measured with a 

Model IR-2T Beckman Automatic  Recording In f r a -  
red Speetrophotometer.  a The ins t rument  was housed 
in a room mainta ined at approximate ly  23~ and 


