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of the foots s t ratunl  may be plainly scen through the 
glass wall and read on the engraved scale thereon, 
as shown in the photograph.  

�88247 

Substrata Thickness Total Poots Depth Volume Rat ios  
t-=b=c~ laob,r " @/a b/. ~/. 

2" 6" 2.3 1.8 1 
S 9 2.S 1.8 1 
4 12 2.2 1.8 1 
6 18 2.2 1.8 1 

Cross Section of the Lower Part of Tanlc Car Containing 
Foots. Geometri(.al basis for the proport ions specified in Case 
3 of the proport ional  foots method. Thus, within the ra ther  
extreme limits indicated, (which should cover all cases encoun- 
tered in pract ice) ,  and for  all practical purposes,  the ratio of 
the volumes of the top third, based on depth, and of the middle 
third of any foots s t ra tum,  to the volume of the bot tom third, 
is substant ial ly two-to-one. 

Technique. If the I)roI)ortional foots method ap- 
pears to be ra ther  complicated, it is really simple and 
logical to a technically-trained person though it may 
seen1 diffieult to tile average workman. Tankcar  sam- 
pling, h o w e v e r ,  shouhl ahvays be under  tlle close 
supervision of the laboratory,  when price settlements 
or claims are concerned; and where there is indi- 
cated a melhod of sampling which nlay require mm-  
sual care in apt)licatior~ as compared with the usual 
ones, if it cmmot be applied untler the direct super- 
vision of a laboratory nlan or sonaeone thoroughly 
famil iar  with the principle invoh'ed, then the work- 

man who does use it unobserved should be qualified 
by  thorough instruction. 

On the other hand, what  this method may  lose in 
l)eing somewhat conlplieated in p r i net  pl e, f rom the 
workman ' s  point of view, it more than makes up by 
being less t ime-consuming;  and once the idea of the 
r ight  proport ion has been mastered it should be more 
easily applied, especially when we consider that  it 
reqmres (trawing only a few portions from the tank- 
car, as compared with the federal  specifications meth- 
od 's  nlilfimum of 40 withdrawals.  

Summary 
The general problem of taking a r e p r e s e n t a t i v e  

sample from a tank ear containing foots is (liscussed, 
and the shortcomings of various methods in wide use 
are noted. A new method based upon a clear recog- 
nition of the difficulties involved and the application 
of simple geometry to the problem has been proposed. 
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Flavor Reversion in Hydrogenated Soybean Oil." I. The Effect of 
Double-Degumming. II. The Effect of Unsaponifiable Matter 
W. G. TAYLOR, Research Department, Lever Brothers Company, Cambridge, Massachusetts 

T I I E  results of research work in this fiehl fall into 
two general groups with respect to the cause of 
flavor reversion. One group considers materials  

other than pure  tr iglycerides to he the offending fac- 
tors whereas the other places the responsibil i ty on the 
triglyeerides proper.  This apparen t  contradiction is 
largely due to the ambiguous use of the te rm "soy-  
bean oil flavor revers ion"  and par t icular ly  to the 
failure to make proper  distinction between the flavor 
found in soybean oils hehl at moderate tempera tures  
(20-60~ and the entirely different flavor and odor 
developed by heating hydrogenated soybean oils to 
the elevated tempera tures  required for cul inary 
purposes. 

The different methods used to develop the two 

* P r e s e n t e d  a t  22nd  annua l  fall meet ing ,  A m e r i c a n  Oil Chemists '  
Society, Nov. 15-17, 1948, New Y o r k  City. 

types of reversion as well as the lack of un i formi ty  
ill panel evaluations add to the confusion and have 
made it v i r tual ly  impossible to compare the results 
of various workers. As has been pointed out repeat- 
edly in the l i terature  (1, 2, 13, 14), the use of tile 
term " f l avor  r evers ion"  is unfor tuna te  since these 
flavors are not the same as the original ones. Thi.~ 
is par t icu lar ly  t rue of the heated flavor of soybean 
oils hydrogenated to shortening consistency since this 
s trong-peculiar- last ing taste is in no way reminiscent 
of na tura l  soybean oil. 

Soybean oil reversion is usually referred to in 
terms of flavor. We have found, however, that  tile 
flavor developed in hydrogenated  soybean oils at ele- 
vated tempera tures  is characterized by  a similar dis- 
tinct odor;  and in the panel evahlatious to be dis- 
cussed later  par t ic ipants  have used the flavor and /o r  
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the odor as the individual  member  preferred,  lIsu- 
ally odor has proven to be a more sat isfaetory eri- 
terion. For  purposes of simplicity, flavor is used in 
this discussion as a common term to include both 
flavor and odor. The te rm " h e a t  flavor revers ion"  
refers only to the flavor and odor deveh)ped in soy- 
bean oils which have been hydrogenated  to shorten- 
ing consistency and heated at 140~ in open beakers 
in a dark oven for four  hours. 

A great  deal of previous experimental  work in our 
laboratories has indi(:ated that  the glyeerides them- 
selves are the precursors  of " h e a t  flavor revers ion,"  
and, as brought  out by others (3), moderate  varia-  
tions in I)rocessing, ineluding degumming, etc., have 
failed to effect any marked improvement  in the re- 
version charaeteristies. Nevertheless, in view of 
recent papers on this subject  (4, 5, 9) which at tr ib-  
ute soybean oil flavor reversion to unsaponifiable 
matter ,  etc., we have made additional experiments  on 
the effect of unsaponifiable mat te r  and mater ial  that  
may be removed by  degumming.  

I. TIlE EFFECT OF DOUBLE-DEGUMMING 
Recent repor ts  on German processing methods (4) 

and experimental  work in this country  (5) indicate 
that  proper  handl ing of oil seeds and oils c~ouI)led 
with double-degmnming of the extracted oils before 
refining may  improve the reversion characterist ics of 
unhydrogenated  soybean oils. Tests have recently 
been completed in our laboratories to determine if 
this t rea tment  will improve the reversion of hydrog- 
enated soybean oils. In the investigation at the North- 
ern Reo, ional Labora tory  (5), 0.01% citric acid added 
before deodorization was tr ied in conjunction with 
the degumming. In our work on degumming this 
reagent was omit ted since it is a separate  factor  
which to evaluate proper ly  would require duplicate 
tests with and without  citric acid in the deodorizer. 
The time involved in such a test appeared  prohibitive. 

Experimental 
In order to be sure that  the oil used would be of 

exceptional qual i ty  it was extracted from No. 1 yel- 
low beans in the laboratory  and processed proml)tly 
with par t icular  care being taken to protect the mate- 
rial f rom exposure to light, air, and excessive heat 
at all times. 

The oil was extracted f rom the beans with chem- 
ically Imre petroleum ether in a large Soxhlet-type 
extra(,tor heated with a Glas-Col mantle. The entire 
appara tus  was eneh)scd in a black eh)th screen to 
eliminate exl)osure to l ight  and the maxinmm tem- 
pera ture  of the miscella was 60~ Each lot of beans 
was eraeked in a food ehopper just  prior  to extrac- 
tion. Twenty-one batches were handled, and each 
was extracted an average, of 15 times, yielding 7,718 
grams of miscella containing 3,930 grams of erude 
oil f rom 27,920 grams of beans. This left  only about 
2% oil in the meal. The pelroleum ether was distilled 
from ihe miseella in a ba th  of hot water,  using 
va( 'uum to remove the residual soh'ent. The crude oil 
was degmnmed twice with 2% II.:O at 65~ sew 
ara t ing  the gmns each time with a laboratory-model  
Sharples Super-Centr i fuge.  Af te r  degumming,  the 
sample was refined with 0.2% excess Na()I{ as 16 ~ 
B6 lye. 

The refined stock was bleached with Spec, ial Fil trol  
earth at 120~ in vaeuo, hydrogenated to about 75 
I,V. at ~,,, ,~, in a steel vessel, filtered, and then 

cleaned with 0.5% of neutral  clay. The hardened 
stock was deodorized in an all-glass appara tus  for  
several hours at approximate ly  200~ employing 
high vacuum and a normal  amount  of steam. The 
finished sanu)les and the controls were heated at 
140~ in open beakers in a dark oven for four  hours. 
They were then evaluated by  an experienced-cali- 
brated panel ae, eording to the method explained in 
detail hy l Iandschumaker  (6).  

Briefly, the sample to be tested and five cont ro ls - -  
100% hydrogenated cottonseed oil (about 75 I .V.) ,  
the same cottonseed stoek containing -,,9~v/c, 50%, and 
75% hydrogenated soybean oil and 100% hydro- 
genated soybean oil (approximate ly  75 J .V . ) - -were  
coded from A through F and each panel member  
was asked to ar range the six beakers in order of in- 
ereasing bean characteristics by  odor and /or  flavor. 
The evaluation was kept as objective as possible by  
not informing the observers what samples were being 
tested as well as withhohling the identity of the 
sample and controls. Each panel member  made his 
selection without other members  being present and, 
a f ter  completing the sample arrangement ,  reported 
his result on a piece of paper  which was held in a 
ballot box until all the results were in. The sample 
and controls were then scored according to the method 
of Fisher and Yates (7). In addition to the fore- 
going test, doughnuts  were f r ied in the special sample 
(extraeted-degunmwd-proeessed) at 195~ and eval- 
uated by a I)anel of 20 experienced tasters. 

Results 
The extracted oil analysis shown in Table I appears  

normal for a good-quality extracted crude. The de- 
gummed stock had a free f a t ty  aeid of 0.15% and 
a Lovibond co!or of 35Y-12.4R. The bleached color 
on the refined oil was 25Y-1.7R while the color of 
the hydrogenated I)roduet was 4Y-O.4R and the 
F.F.A. 0.018%. 

Although the constants on the deodorized stock 
indicate a soybean oil of unusual ly  good quality, the 
heat-flavor reversion score was identical with tha t  
of the 100% (.onmmreially t)roeessed soybean oil con- 
trol as shown in Table I. Likewise the speeially de- 
gmnnn,(t and l)ro('esse(t sample exhibited no improve- 
ment  in doughnut  f ry iug  inasmuch as it scored the 
same as the regularly I)rocessed soybean oil. 

Discussion 
The fact that  low-temperature extraction and 

(Ionble-degnmming failed to improve the heat rever- 
sion eharateeristies of soybean oil hardened to short- 
ening eonsisteney indicates s trongly that phospholi- 
pids removed by  degunnning are not the precursors 
of this tyI)e of reversion. 

On the surface these data may appear  contradic- 
tory to those of I)utton et al. (5),  but actually this 
is not the ease since the type of reversion deveh)ped 
by holding unhardened soybean oil at 60~ ` . is en- 
t irely different fr~>m the flavor developed in hydro- 
genated soybean oil heated at elevate:l temperatures.  

i t  is logical to expect the reversion precursors of 
hydrogenate(l  and unhydrogenated  oils to be differ- 
ent since both the basic eoml>ositions of the s tar t ing  
materials  and the reverted flavors are different. Ob- 
viously, the significance of the work depends upon 
the accuracy of the reversion evaluations. The de- 
pendabi l i ty  of the results is indicated by art examina- 
tion of our method of evaluation (6).  
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T A B L E  1 

C r u d e  Oil 

% F r e e  F a t t y  Acid as Oleic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .30  
% B r e a k  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .14  
% Acetone :Insoluble . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .29  
% Vola t i | e  M a t t e r  ( H o t - P l a t e  Method)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .22  
Iod ine  V a l u e  ( W i j s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135 .1  
Thiocyanogen  V a l u e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81 .7  

Deodor ized  Stock 

Imvibond  Color . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 Y - 0 . 2 R  
% F .F .A.  as Oleic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 0 6  
Perox ide  Number  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .0  
F l a v o r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B l a n d  
l~ancidi ty  S tab i l i ty  Index  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 .6  
R a n c i d i t y  S tab i l i ty  Index fo r  F o u r  O t h e r  Soybean 

Oils Processed  ConcurrenLly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 .3  
I od ine  V a l u e  ( W i j s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74 .9  
Thioeyanogen V a l u e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 .2  

Scores on I )anel  E v a l u a t i o n  of Soyl)ean Oil Reve r s ion  

Sample  Score  

1 0 0 %  I I y d r o g e n a t e d  Cottonseed Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 .99  
2 5 %  Soybean Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 .03  
5 0 %  Soybean Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .64  
7 5 %  Soybean Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - 1 . 2 0  

1 0 0 % I I y d r o g e n a t e d  Soybean Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - 5 . 7 3  
Special  Soybean Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - 5 . 7 3  

It  shouht be noted tha~ the "heat-flavor reversion" 
panel had been redueed to a few persons who were 
selected on the basis of their ability to (tiscriminate 
between flavors on a large number of tests over a 
period of months. Moreover this calibration of the 
testers is based upon their proven ability to evaluate 
reversion without regard to previous experience or 
reputation in oil grading. We have found that, in 
addition to the native ability to detect flavors and 
odors of the heat-reversion type, considerable experi- 
ence is required hefore an individual is able to make 
satisfactory distinction between the flavor levels of 
the fix'(; controls. 

Tile system of fix'(, controls with each sample serves 
as an additional cheek on each panel member at the 
time of the test; and in the rare ease in which the 
tester 's arrangement of the controls was inaccurate, 
lhe results are not included in the scoring. This 
method of testing is quantitative as well as qualita- 
live and the results have proven to be reproducible. 

II. THE EFFECT 0F UNSAPONIFIABLE MATTER 

It was shown in tlle preceding section that  n o n -  
glyceride materials removed by water-washing were 
not the cause of heat flavor reversion in hydrogenated 
soybean oil of shortening consistency. Obviously, this 
does not eliminate the possibility that unsaponiflable 
matter may be responsible since this material was 
present in the finished product. 

hi  view of divergent opinions (2, 3, 8, 9) concern- 
ing the role played by this material an investigation 
has been made as to its effect on the heat-reversion 
characteristics of hydrogenated soybean oil. Tile orig- 
inal plan was to test tile unsaponifiable fraction by 
adding it to cottonseed oil and comparing this with 
a glyceride made from the unsaponifiable-free soy- 
bean oil fa t ty  acids. Wlien it was found that heat- 
treated esterified samples have peculiar flavors and 
odors which are not present in heated hardened nat- 
ural oils, the experiment was extended to include 
preparation of a reconstituted cottonseed oil to act 
as a carrier for the unsaponifiable material as well 
as reconstitution of cottonseed and soybean oil con- 
lrols for eomtiarison. 

In this section, as in Part  I, the term "heat-flavor 
reversion" refers only to the characteristic flavor 
and odor developed in soybean oils hydrogenated to 

shortening consistency when heated at 140~ for 
four hours. 

Since from a comnmrcial standpoint " f lavor  re- 
vers ion" is a problem of the glycerides as they occur 
natural ly rather than of tile fa t ty  acids, it was con- 
sidered best to make all reversion tests on samples 
ill the glyccride state and this procedure was followed 
throughout. The unsaponifiable matter was removed 
from refined oil and added to the cottonseed oil car- 
riers after refining, but before bleaching, hydroge- 
nating, etc., so that this material was subjected to 
the same processing as it is when soybean oil is made 
into shortening. 

In order to minimize variations due to processing 
all procedures were standardized as described below. 
In each case an attempt was made to choose the pro- 
eedure that  would ensure the best quality in the 
finished sample. In  addition, the processing steps 
were calibrated by means of controls with the single 
exception of the effect of potash treatment on tile 
soybean oil unsaponifiable niatter. I t  is realized that 
alkali t reatment may change the nature of the un- 
saponifiable material, but  this is not considered im- 
portant  since the purified fa t ty  acids themselves 
retained the heat-reversion characteristics. 

All processing steps were performed in glass ap- 
paratus and care was taken to protect the materials 
from undue exposure to light and air. Insofar  as 
possible, high temperatures were avoided, 

Processing Procedures 

Acithdation. An excess of 1:1 IIC1 was added and 
after clarification, the oily layer was washed five or 
nlore times with hot water. 

Dryi~g. Oils and fa t ty  acids were (Iried under vac- 
uum at temperatures less than IO(}~ 

Esterificatfon. The method of Feuge, Kraemer, and 
Bailey (10) using stannous chloride catalyst and 
C I ' .  glycerine under an atmosphere of hydrogen at 
pressures of 20 mm. t tg absolute or less was employed. 

Hydrogenation. All samples were hardeued in 
glass at atmospherie pressure using electrolytic hy- 
drogen and nickel catalyst at a temperature of 
approximately 140~ 

Refining. 16 ~ B6 NaOII  was used with excesses 
varying from 0.2% to 0.3% of NaOII  calculated on 
the oil weight. Temperatures not greater than 65~ 
were used. 

Bleaching. Bleaches were made under a pressure 
of less than 25 ram. Hg with earths and temperatures 
as designated. 

Postbleaching. 0.5% natural  clay at 80-85~ in 
vaeuo was employed. 

Deodorization. An all-glass apparatus  was nsed. 
The pressure was 5 mm. I Ig  or less. using 10% steam 
by weight at 185 ~ or 210~ '. during tile four-hour 
period. 

Experimenta l  
Two thonsand two hundred fifty grams of re- 

fined extracted soybean oil containing 0.48% un- 
s~Donifiable, as analyze~t by the A.O.C.S. method, 
was treated with 900 grams of KOII  in five liters of 
commercial ethyl alcohol. Af ter  adjusting to a water- 
alc, ohol vohune ratio of approximately 4:1, the soap 
solution was divided and extracted semi-continuously 
with petroleum ether in two five-gallon bottles. After 
90 hours of extraction 0.21.% unsaDonifiable still re- 
mained in the soaps and the extraction was continued 
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for  a total  of 110 hours. At the end of this period 
the I)etroleum ether was still removing color f rom the 
soap so the solution was t r ans fe r red  to 18 one-gallon 
bottles and extracted 11 times using 600 ml. of petro- 
leum ether to each bottle every extraction. At this 
point, the petroleum ether layer  still eontained a 
little color, but  this was a t t r ibuted  to slight solubility 
of soap since analysis showed no more than  a trace 
of unsaponiflable. 

Af te r  evaporat ing the extract  to dryness in a hot- 
water  bath under  vacuum, tile residue was resaponi- 
fled with 30 grams of K O I I  in 950 ml. of alcohol with 
90 minutes of refluxing. The soap solution was ad- 
justed to a volume ratio of two par ts  of water  to one 
par t  of alcohol for extraction with petroleum ether, 
using a volume ratio of petroleum ether to soap solu- 
tion of approximate ly  2:5 for  each wash. This mix- 
ture was extracted 40 times, taking great  care to 
prevent  soap f rom being carried over into the extract. 
In all three of the above extractions no emulsion dif- 
ficulty was encountered. Although the number  of 
extractions may appear  excessive, the extra  effort was 
made to be sure that  all reasonable I)recautions 
were taken to ensure the pur i ty  of the separated 
constituents. 

The I)urified dried extract  weighed 15 grams, which 
was 0.67% of the original soybean oil weight. This 
material  had an iodine valve of 143.2 and a thiocy- 
anogen value of 67.2. The reason for tile difference 
between the 0 .48~  unsaponi fab le  mat te r  found in 
the soybean oil by analysis and tile 0.67% actual ly 
recovered has not been investigated. The pur i ty  of 
the unsaponifiable was checked, however, by washing 
a petrolenm ether solution with 10% alcohol solution. 
There was no loss of mater ial  by  the wash and tile 
washings were neutral  to phenolpthalein. 

This final extract  was redissolved in 1,000 ml. of 
petroleuln ether and stored in the dark at 60~ ~'. until 
used. It  was found that  a pa r t  of the extracted mate- 
rial was only spar ingly soluble in petroleum ether 
and a small amount  of solid mat te r  failed to dissolve 
in the 1,000 ml. used. 

The fa t ty  acids were recovered f rom tile soap re- 
maining a f te r  removal of the unsaponifiable mat ter  
and af ter  drying, were molecularly distilled between 
95~ and ll,q~ .. under  9 ~ pressure or less. Only 
the 82.5% nliddle portion was esterified, refined, hy- 
(lrogenated to approximate ly  75 l.V., postbleaehed 
and deodorized at 1850C. This material  is designated 
as Sample 1. 

Sample 2, cottonseed oil with soybean oil mlsaponi- 
fiab]e a(lded was 0reDared as folh)ws: A sufficient 
amount of the well-shaken petroleum ether solution 
of soybean oil lmsaponifiable mat te r  was added to 
rofine(1 cottonseed oil to make its concentration the 
~ame as found in the original refined soybean oil, 
i.e., 0.67%. Analyses by  the s tandard  A.O.C.S. 
metho(t showed the unsaponiflable to be 0.77% in the 
cottonseed oil before and 1.27% af ter  the addition. 
This analytical discrepancy is similar to the one men- 
tioned previously and has not been investigated. Af ter  
careful removal  of the petroleum ether in vacuo over 
a hot-water bath the mixture  was bleached with 1% 
activated earth, hydrogenated to about  75 I.V., post- 
bleached and deodorized under  the same conditions 
as Sample 1. 

The two samples were then heat- treated and evalu- 
ated for  reversion by the new improved method with 

five controls (6). It  was immediately apparen t  that  
Sample 1, the reconsti tuted acids, had a distinctly 
different type of odor and flavor, and it was not 
possible to compare it with the nornlal controls, tIow- 
ever, the two reverted samples were also compared 
with each other direetly. 

In order to prepare  a test wherein all samples 
would be str ict ly comparable,  reconsti tuted soybean 
and cottonseed oil controls were prepared,  and a re- 
constituted cottonseed oil was used as a carr ier  for 
the soybean nnsaponiflable. Sample 3 was prepared 
by  saponifying refined cottonseed oil, acidulating, 
-vashing, and dry ing  the acids. After  the dried acids 
were molecularly distilled at 90-100~ under  3 to 
11 g pressure, a 78% middle cut w~s es'erified and 
~eflne(t, and to this was added suffMent petroleum 
,;ther solution to add 0.67% of the soybean oil un- 
saponifiable matter .  After  carefully removing the 
solvent, the mixture  was bleached with 1% activated 
earth at 120~ hydrogenated to the usual iodine 
value, postbleaehed and deodorized at 185~ 

The reconsti tuted controls were prepared  from the 
regular  controls by  separation of the acids, esterify- 
ing, bleaching with 5% act ivated earth at 120~ 
refining, cleaning with 0.5% neutral  clay at 80~ 
in vaeuo and deodorizing at 210~ 

Results 
In the evaluation of soybean oil unsaponifiable in 

natural  cottonseed oil (Sample 2) as well as in the 
reconstituted oil (Sample 3), it was noted that  while 
the samples definitely did not have the typical  heat- 
reversion odor and favor ,  they were not as bland as 
cottonseed oils alone. In other words, while the soy- 
bean oil unsaponifiable did impar t  some flavor and 
odor to the heat- treated hardened cottonseed oils, the 
samples did not develop the heat-reversion flavor typ- 
ical of hydrogenated soybean oil. This point was 
clearly demonstrated in the dire,.t oomnarisa'~ of 
two samples. When the unsaponifiable carried in 
natural  cottonseed oil (Sample 2) was compared to 
the reeonsti tuted purified soybean oil f a t ty  acids 
(Sample 1), eight out of nine panel members picked 
Sample 1 (reconsti tuted purified soybean oil) to be 
more beany, i.e., as having more heat reversion. 
Actual statemer, t:~ on the ballots submitted in this 
comparison are listed in Table No. 2. 

As mentioned previously, the reconstituted soybean 
oil exhibited a heated flavor that  was different from 

T A B L E  2 

Direc t  Compar isons  Between a t reat-Treated Cottonseed Oil Sample 
Conta in ing  Soybean Oil Unsaponi f iab le  Matter  and a Ueat- 

Treated Glycer ide  Prepared  From Unsaponiflable- 
Free Soybean Oil Fa t ty  Ae-ids 

_ I _  . . . . . . . .  I . . . . .  

P a n e l  Member Statements  

Sample  l Sam01e 2 

PaneI Member Soybean Oil 
I :nsaponif iable-F ree Unsaponif iable  

Recons t i tu ted  in Natura l  
Soybean Oil Cottonseed 0 i l  

l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

4, ................................................ 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 ................................................ 
7 ................................................ 
8 .............................................. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' l  

Benny Not Beany 
Benny Not Benny 

1 twice as benny as 2 
1 definitely more beany 

Soybean Oil ........ 
Soybean Oil ........ 

1 beanier  than 2 
2 mo"e beany than 1 

Soybean Oil ........ 
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natural  oils. This was a t t r ibu ted  to the esterification 
procedure and several subsequent tests on various re- 
constituted samples have confirmed this. With  a 
sample such as No. ] which has a flavor distinctly 
different f rom the eontrols, it is obviously not pos- 
sible to place it accurately. Fur thermore ,  if the ob- 
server does place the sample, the position is largely 
influenced by  persorial preferenec. The difficulty of 
this situation may be i l lustrated by  a hypothetical  
situation where comparison of chocolate flavors is 
made by tast ing chocolate-coated vanilla creams and 
then an a t t empt  is made to place a sample having a 
strong peppermint-f lavored center, l~epetition of the 
heat t l 'eatment and evahmtions of Sample 1 confirmed 
the flavor abnormal i ty  due to reconstitution. 

To (letermine if the reconsti tuted controls were 
distinguishable, a sample of each and a 50/50 blend 
of the two were heat-treated, coded and evaluated. 
The parlel was unanimous in placing them in the 
correct order, thus showing that  it was possible to 
identify tile heat-reversion odor and flavor despite 
the masking effect of the reconstitution flavor. A pre- 
l iminary evaluation of the soybean oil unsaponifiable 
mat ter  in reconstituted cottonseed oil (Sample  3) 
with only three controls, as above, placed the un- 
saponifiable sample ahead of the cottonseed oil con- 
trol, indicating absence of any soybean heat reversion. 

Portions of Samples I and 3 were heat t reated arid 
ttlen evaluated using the s tandard  procedure of five 
controls as described in Pa r t  I. In coding, the two 
experimental  sami)les were given the same let ter  with 
their identities being known only to the person (not 
a member  of the panel)  sett ing up the test. First ,  
one sample was placed with the controls and called 
Set No. 1 and af ter  the tester  had a r ranged  these 
samples in order' of increasing beaniness, the I)erson 
in charge of tire panel test (in the absence of the 
evalnator) ,  replaced the first test sample with the 
second, and the tester again a r ranged  the samples in 
order ~t:~d recorded th'~ r::sults as Set No. 2. This 
method afforded an effective comparison of the two 
samples since they were evahmted at the same time 
with identical controls. 

In this test Sample 3 (reconsti tuted cottonseed oil 
containing soybean oil unsaponifiable) placed be- 
tween the cottonseed oil and the 25% soybean oil 
controls wiiile the reconsti tuted nnsaponifiable-free 
soybean oil (Sample 1) placed between the 50% and 
75% soybean oil controls. The scores of the test are 
shown in Table No. 3. The difference between the 

T A B L E  3 

Scores on Panel  Eva lua t ion  of Soybean t rea t -F lavor  Revers ion 

100% R, eeonst i tuted Cottonseed Oil ...................... 
Sample 3 - - S o y b e a n  Oil I) 'nsaponifiable 

in ReconsLit.uted Cottonseed Oil ........................ 
2 5 % Reconst i tu ted Soybean Oil ............................ 
50% Reconst i tu ted Soybean Oil ............................ 
Sample 1 - - R e c o n s t i t u t e d  Soybean Oil 

Unsaponif iable-f  ree ............................................... 
75% Reconst i tuted Soybean Oil ............................. 
100% :Reconstituted Soybean Oil ........................... 

Set 1 

4.01 

0.84 

- - I  .47 
--1.68 
--3.82 

Set 2 

3.38 

1.47 
1.28 
1.08 

--2.12 
--4.45 

two samples is perhaps  more clearly demonstra ted by 
a direct comparison between the two coded samples 
in which eight panel  nlembers unanimously picked 
the reconstituted unsaponifiable-free soybean oil to 
be more beany than the unsaponifiable mat te r  in r e - '  
constituted cottonseed oil. See Table No. 4. 

T A B L E  4 

Direct  Compar isons  Between a Heat-Treated Recons t i tu ted  Cottonseed 
Oil Sample  C o n t a i n i n g  Soybean Oil Unsaponi f iab le  .Matter and 

a Heat -Treated  Glyeeride P repa red  F rom Unsaponif lable-  
Free Soybean Oil Fa t ty  Acids 

Pane l  Member 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

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

1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Panel  Member S ta tements  

Sample  1 Sample  3 

Soybean Oil 
Unsaponif lable-  Free Unsaponi f iab le  

Reconst i tu ted in Recons t i tu ted  
Soybean Oil Cottons,'~ed Oil 

S t rong  Bean  Not Benny 
More Like a Bean 

1 more benny than 3 
I m o ' e  benny than  :1 

Beany IAke Cottonsen.d Oil 
Benny Not Benny 
........ Leas t  Benny 

Benny Xot Benny 

Discussion 
Aside f rom rancidity,  at least three dist inctly dif- 

ferent  flavors may be developed in hydrogenated  
soybean oils, only one of which is the subject  of this 
discussion. One of the three is the flavor developed 
in some soybean oils on shelf storage or when held 
at modcrate  tempera tures  (9, 14) which may  be 
found in stocks tha t  are inadequately processcd (1). 
A second is the extremely disagreeable light-effect 
flavor which is found in soybean and other oils (1, 
11). The third is the subject  of this s tudy and is, in 
itself, a specific problem, distinct f rom the other two. 

While the present  work is not p r imar i ly  concerned 
with the first type,  it was found that  the presence of 
an analogous flavor in Samples 2 and 3 coinplieated 
the evaluation of the heat-reversiou flavor. In both 
of these samples the addition of the soybean oil un- 
saponifiable ma t t e r  increased the amount  of flavor 
developed on heating, even though it was not of the 
typical  heat-reversion type. This is in aecoI'daime 
with the results reported by Matti l  (9) in which he 
found that  soybean oil unsaponifiable mat te r  caused 
flavor development in oils at 95~ Light-effect flavor 
was avoided by  protect ing the samples f rom light 
exposure and was therefore not a factor" in this 
experiment.  

I t  bee, omes obvious that  in addition to the wea~:- 
hess inherent  in all organoleptic evaluations the de- 
tection and estimation of the heat-rev~,rsion flavor is 
t,,omp]icated by  the presence of contaminat ing flavors 
and odors. Of these the reconsti tuted flavor was most 
serious in this s tudy arid as reported by Golumbic 
(12, 15) was found to make appra isa l  of reversion 
flavors difficult. 

In  the evaluation of one flavor component in the 
presence of other flavors our system of controls is 
par t icular ly  effective since the masking flavors are 
present  in all samples arid the differences are largely 
due to the heat-reversion factor. 

The use of reconsti tuted controls substant ia l ly  re- 
duced the effect of the presence o f  this flavor but  
yet may aceount for  the fact  that  Sample 1 failed 
to show more beaniness than the 75% soybean oil 
control. Likewise, the s torage-type flavor impar ted  
to the reconsti tuted cottonseed oil by  the soybean oil 
unsaponiflable could account for  the sample scoring 
similar to the 25% soybean oil control, h i  discussing 
the various flavors found in hydrogenated  soybean 
oils, it should be mentioned that  al though 140~ is 
used to develop heat reversion in our test, tempera-  
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lures as low as 60~ will develop the same flavor 
af ter  extended exposure, usually more tlmn three 
weeks. 

While the system of five controls is ve ry  desirable 
f rom a quant i ta t ive  and calculation standpoint ,  it 
should be realized that  dist inguishing between such 
narrow differences not only requires sharper  perecp- 
tiou on the par t  of the panel  member  but  also neces- 
sitates more care and time to make the proper  
a r rangement .  

Also in such a system the inclination to place the 
samples in order of total flavor intensi ty ra ther  than 
ill order of quali ty can intluence the evaluation. This, 
of course, is more likely to occur when the Inaterials 
being compared have different types of flavors. For  
these reasons the pre l iminary  three-control test and 
the direct comparison between the two samples (un- 
saponifiable mat te r  versus unsaponifiablc-free soy- 
bean oil) are important  additions to the data. 

In conclusion, this work presents strong evidence 
that  neither the non-glyceride mater ia ls  removed by  

water-washing nor the unsaponifiable mat te r  is re- 
sponsible for  the heat-reversion flavor in soybean oil 
hydrogenated to shortening consistency. 
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Deodorizer Catch Basin Sludges and the Metallic 
Soaps Found Therein" 
E. A. GULINO and WALES. NEWBY, The Opelousas Oil Refinery of Cotton Products 
Company, Inc., Opelousas, Louisiana 

T I I E  steam distillation method of deodorizing edi- 
ble oils is a well known industrial  process, which 

has been adequately described in the l i terature  (1), 
(2),  (3), (4). In  the i ;ni ted States ahmc over one 
and a half  billion pounds of vegetable and animal 
fats  are deodorized each year. As a result of this 
process, there is produced a by-product  which is 
known in the t rade by  various names such as deo- 
dorizer catch basin skimmings, deodorization sludge. 
hot well skimnlings, deodorigation distillate, etc. AI1 
of these names refer  to tile shldge formed by emulsi- 
tication of the highly complex mixture  of organic 
~.omponnds, distilled f rom the oil being deodorized, 
with water  in the barometr ic  condensers, an(l it will 
usual ly contain more or less dissolved soap formed 
by reaction with minerals ill the water.  'rile mate- 
rial appears  first as small white floes in the discharg- 
ing water  f rom 1he baronletr ic  condensers. The extent 
to which these floes rise to the surface and form a 
reeoverat)le sludge depends largely on tlle efficiency 
of the catch basin, bn t  even the most efficient of catch 
basins would be expected to lose all appreciable  pro- 
portion of the material  on account of its physical 
condition. 

Jus t  how much of this by-product  material  is pro- 
dneed in the I:nited States each year  wouhl be hard 
to say, but  it: is safe to assume that  it is less than 
fifteen million pounds and certainly a much smaller 
amount is actual ly recovered, t lowever,  tile compo- 
sition of Ihe sludge is of considerable interest ill spite 
of the relalively small amount  recovered. This is 
t rue for a numt)er of reasons. Among others is tile 
fact  that  all of the organic compounds found in the 
deodorization shnlge were either present  in the orig- 

*Presented at 22nd annual fall meeting, American Oil Chemists' 
Society, Nov. 15-17, 1948, Now York C i t y .  

inal oil or else their  precursors were, and they are 
the eonlpounds which contr ibuted tile flavors and 
odors to the raw oils. Too, in practical refinery oper- 
ations the question of losses dur ing deodorization is 
of considerable importance and certain substances, 
par t icular ly  soaps, if present  in the sludge in appre- 
ciable quantities, may affect the results obtained in 
studies relat ing to these losses. 

hi spite of the obviously interesting character  of 
deodorizer catch basin sludges, relatively little has 
been published regarding their  composition. Jasper-  
son and Jones (5) have made a s tudy of tile unsapon- 
ifiable consti tuents of some deodorizer distillates. 
l )auber t  and co-workers (6) have obtained some 
highly interest ing reslflts on soybean oil deodoriza- 
tion distillates produced in the laboratory,  but  these 
would (lifter somewhat froln industr ial  nmterials, es- 
pecially in their  lack of metallic contamination, tIick- 
man, in a series of U. S. Patents,  (7) has described 
tlle recovery of toeopherol, sterols, etc., f rom deo- 
dorization sludges, and he gives gem~ral limits for free 
fa t ty  acid contents. I Ie  also uotes the presence of 
calcium and iron soaps and describes their  removal 
by decomposition with strong acids. However,  no 
exact data on the composition or percentage of me- 
tallic soaps present  in d e o d o r i z a t i o n  sludges are 
given. 

In the course of other work it  was noted that  deo- 
dorization sludge oil, which had been completely 

f r e e d  of insoluble material  b y  filtering and bleach- 
ing, was nevertheless not completely soluble in cold 
Skellysolve-F, a commercial solvent consisting largely 
of pentanes, hexanes, and heptanes. When it was 
fu r the r  found that  the precipi tated material  repre- 
sented a quant i ta t ive  recovery of the calcium soaps 
present  and that  the f a t ty  acids in these soaps were 


