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ure 3, S T P  continues to have excellent soil-removal 
effect. Others (3) have shown tha t  sodium is adsorbed 
on both glass and quartz though the extent for the 
lat ter  substrate  is less by about  75%. Such a degree 
of lowering with STP  was not found, suggesting either 
that  the same adsorption sites which adsorbed sodimn 
were not involved or that  others are active with S T P  
and this soil. This leaves only a competit ion for polar  
adsorption sites between S T P  and the tr istearin,  and 
whichever was adsorbed first would have considerable 
influence on the ease of replacement  by the other. The 
fact  that  oily soil is more readily removed from a 
STP- t rea ted  substrate  and tha t  STP  can ahnost com- 
pletely remove t r is tear in f rom the fa t - t reated sub- 
s t ra te  suggests the grea ter  polar i ty  of the S T P  system, 
as might  be expected. 

The mechanism of soil removal  for solvent system 
removal of t r is tear in  (1) f rom glass consists either 
of dissolution of coherent soil or a " s t r i p p i n g "  or 
preferential  displacement process for removal of 
adherent  (adsorbed monolayer)  soil. Since STP  is 
neither a solvent nor a surfaetant ,  neither dissolution 
nor micelle solnbilization is involved for this system 
in coherent soil removal. Ins tead it appears  that  the 
upper  soil layer may be removed in par t  by emulsifi- 
cation, but more likely that  both coherent an<l ad- 
herent soil are relnoved near ly  simultaneously by the 
" s t r i p p i n g "  or preferent ial  displacement meetlanism. 
The lower layer  is desorbed and, along with it, coher- 
ent soil. In suppor t  of this hypothesis is the fact that  
the eol~timml,S soil film of F igure  3 is r<,moved with 
much more difficulty (time and eOlicentrati<>n in- 
crease) than the Sl)otted soil applieation. F<>r the 
lat ter  type of soil applie, atiolb the potential area for 
penetration and contact is obviously nmeh g'reater. 

Impl@atio~ls. Use of S T P  in dishwashin~ composi- 
tions has general ly been based upon its effeetivem'ss as 
a sequestrant  type of water  softener. ~Vhih, it cer- 
tainly has these eharaeteristics, these data straw its 
lnueh broa(ler utility. Sequestrant  type of sol' |eners 
are the only ones found to p rc t rea t  glass surfaces so 
that  subseqnen~ soiling is less retentive. Soiling pre- 
vention occurs lhrough pre t rea tment ,  buL more im- 
portant,  mn~e ;t soiled glass (not pretreate(t)  has heen 
(deane(l wilh a composition containing al)pre('iab]e 
amounts of STI ), the effect upon subsequeni soiling is 
|ha t  of a soil-preventive pre t rea tment .  STI '  not only 
softens water  without precipitat ion,  it is an effe(;tive 
detergent  for an oily soil and, when used for washing, 
imparts  a soil-resistant surface to the glass. 

Additional Factors Requiring I'nvestigation. This 
repor t  is the first of several, for  factors  which mus t  
be investigated are: effect of other builders, bui lder  
c o m b i n a t i o n s ,  b u i l d e r - s u r f a e t a n t  combinations, ad- 
sorption-desorption isotherms, other soils, and other 
substrates.  

Summary 

The mechanism of radio-tagged t r is tear in  removal  
f rom a glass substrate  by sodium t r ipolyphosphate  is 
p r imar i ly  one of preferent ia l  displacement.  Triste- 
ar in removal by S T P  appears  to be a competi t ion for  
p r i m a r y  polar adsorpt ion sites: being' the more polar, 
S T P  displaces the soil. Continuous soil films are more 
slowly removed than  spot ty  soil films because ini t ial ly 
fewer accessible adsorpt ion sites are available for  dis- 
placement  a t tack by STP.  I t  is believed tha t  emulsi- 
fication of these heavy films occurs init ial ly by the 
" s t r i p p i n g "  or preferent ia l  displacement by S T P  of 
the adsorbed monolayer  at a site, followed by a rolling 
up of coherent soil along with the desorbed monolayer,  
result ing in a degree of emulsification. 

In addition to its sequestrant  water-sof tening action, 
previously considered its main function, and its de- 
tersive effectiveness, another  very  impor tan t  fea ture  
has been diseovere(t. Tr ipolyphosphatc  (and seques- 
t r an t  type of anion) adsorbs on a glass surface and 
reduces the tenaci ty of subsequent f a t t y  reselling. 
This may account to a considerable degree for  the 
demonstra tedly  high practical  cleansing effectiveness 
of the compound. 

Adsorption of STI> is not by a base exchange meeh- 
a l l i s l n  f o r  q n a r t z  a l s o  displays the same effect a s  g l a s s .  

It seems a p p a r e n l  that  the same type of a(lsorptiol~ 
sites exists on bolh glass alld quartz snr faees  thongh 
those o n  quartz snggesl either a s t ronger  adsorption 
of a higher energy level or a larger  number  of adsorp- 
tion sites. 

These data den|ousiraie the relatively high detersivc 
efliciem.y of the polyphosphaies for this soi l /substrate  
system. Sodium metasili(,ate and sodium carbonate fal l  
consi(lerably lower in soil-removal value. 

. I,:,,'~,: m~XCES 
1. Anderson,  ]L M., Snianek, 5., and Ha r r i s ,  J .  C., ,J. Am. Oil Chem- 

ists' See., 36, 2 8 6 - 2 9 4  (1959) .  
2. IIensley, a. W . ,  J. Am.  Cer. See., 34, 188 (1..<)51). 
3. Hensley, 3. W., Long, A. O., and Vr J.  E., J .  Am. Chem. See., 

70. 3146 (1948) .  
4. Hensley, J .  W., Long, A. O., and \Villard, J .  E,, Ind.  Eng.  Chem., 

41, 1415 (1949) .  
5. Willard, J .  E., J .  Phys. Chem., 57, 129 (1953) .  

I IC!ceiw>d S e p t e m b e r  28,  19591 

Direct Extraction d Jojoba Seed 1 

I. J. SPADARO, P. H.  EAVES, and E. A. GASTROCK, Southern Regional Research Laboratory, 2 
New Orleans, Louisiana 

J 
OJOBA SEED contains about 50% of a liquid wax, the 
eomposition of which is unique in that  it is one of 
the few agr icul tural  products  known to have sneh 
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high proport ions of C,:,o and C22 acids and alcohols 
combined as esters. This liquid wax is general ly re- 
ferred to as an " o i l "  because of its liquid state at  
room temperature .  In  several reviews and technical 
publications (1, 8, 10, 11 ) it has been shown that  both 
the oil and the products  derived f rom the oil have 
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numerous  potent ial  uses, thus  establishing the poten- 
tial value of jojoba oil as a valuable raw mater ia l  for 
industr ial  use. 

Many  papers,  such as those listed by Daugher ty  
et al. (1),  have been published on the technical aspects 
of jojoba oil and its products  as well as on the agron- 
omy of the jojoba plant,  i lowever,  to the knowledge 
of the authors, no informat ion has been published 
tha t  describes the applicat ion of a practical  extract ion 
method or the conditi(ms m~ccssary for p repa r ing  the 
seed for  extraction. 

The use of various solvents, such as benz:me and 
hexane, have been m(mtio ,ed by s<>me investigators 
for obtaining jojoba oil for experimental  work. Ex-  
t ract ion methods and conditions were not described. 
In most eases it was simply staled tha t  "convent ional  
pressing and solvent-extraction methods can lye u s e d "  
with no fu r the r  details. 

A s tudy  on the effects of six solw~nts for the extrac- 
tion of jojoba seed conducted by lZn<>epfler et al. (9) 
showed that  hexane and hel)tane were as good as or 
bet ter  than other solvents tested for extraction of raw 
flakes in l abora tory  Soxhlct appara tus .  

The purpose of this pape r  is to presem bench-scale 
data  showing the mater ia l -prepara t ion  and extraction 
conditions required for  the efficient reeovery of oil 
f rom jojoba seed by  the recently commercialized ill- 
t ra t ion-extract ion process (7).  This proee,'s consists 
essentially of a) cooking oilseed flakes at lower tem- 
pera tures  and higher moisturc cmmmts  lhan normal ly  
uscd in cooking for hydraul ic-  and screw-pressing 
operations, b) crisping the cooked material  by evapo- 
rat ive cooling, e) s lur ry ing  material  with a miscella 
filtrate, and d) filtering the s lu r ry  a , d  eountereur-  
ren t ly  washing the cake o .  a ro tary  vaemnn filter. 
The concentrated miscella and  solvent-extracted meal 
are sent to conventional oil-recovery and desolventizer 
systems, respectively, for  separation of solvent from 
oil and meal. Although this process has proven to be 
versati le in its appl icat ion to various oil-bearing ma- 
terials (2, 6, 7), including high oil-content seed, the 
inherent  characterist ics of eaeh specific oil-bearing 
mater ia l  necessitate the determinat ion of a set of 
opt immn processing conditions. 

Experimental  

Material and Equipment .  The jojoba seeds used in 
this investigation were obtained in 1.957 f rom the 
Boyce-Thompson Southwestern Arboretmn,  Superior ,  
Ariz. The nut-like jojoba seeds are about the size and 
shape of large coffee beans and have a thin, dark- 
brown outer layer  over a white perisperm. The seeds, 
a f ter  deeortieation, contained 47.9% lipids and 4.1% 
moisture.  Dur ing  the in ter im between experiments  
and pr ior  to prepara t ion ,  the seeds were stored at 
32~ and, before processing, they were allowed to 
wa rm to room tempera ture .  The extract ion solvents 
used were eommereial-grade hexane and heptane.  

The equipment  used for  p repara t ion  of the jojoba 
seed for  extract ion included Allis-Chalmers pilot- 
plant ,  single-pass cracking and flaking rolls, and the 
beneh-scale rooking appara tus  described in an earlier 
publicat ion (3).  This cooker was designed (4) to 
make possible the accurate  maintenance of desired 
cooking tempera tures  and to permi t  the quant i ta t ive  
addit ion and recovery of all mater ia l  components.  
Wi th  this appa ra tu s  conditions similar to those used 
in commercial  pIants  for  cooking oilseeds can be 

studied on a much reduced scale. To evaluate the 
fi l trat ion-extraction characterist ics of the p repared  
materials,  a bench-scale appara tus  previously de- 
scribed by Graei ct a[. (5) was used. I t  consists of a 
stainless steel funnel  with a removable filter, 5.25 in. 
in diameter.  With  its auxi l ia ry  units the appara tus  
can be operated to obtain data  which are direct ly 
applicable to the commercial-scale process. 

Procedure. The general experimental  procedure 
consisted of flaking the seed to the desired thickness, 
cooking in the mixer  type of cooker, crisping in <)pen 
t rays  for about 20 min., s lurrying the rooked mate- 
r im with solvent, and determining the filtration-ex- 
t ract ion characterist ics of the material .  Exper iments  
were designed to investigate the effect of flake thick- 
hess, moisture content of flakes dur ing cooking, reroll- 
ing of cooked flakes, and extraction tempera ture  ou 
mass velocity and extraction efficiency, usiw/ hexane 
and heptane as solvents. 

The following eooking procedure was used. The 
mixer  type of cooker was preheated to about 180~ 
and the flakes were charged to the cooker. When the 
flake t empera tu re  reached 180~ the predetermined 
quant i ty  of water  (5 to 20%) was sprayed on the 
flakes through a nozzle in a 2-min. period. Tempera-  
ture of the moistened flakes was then increase<l to and 
mainta ined at 210-220~ for  30 rain. For the first 
15 rain. of cooking the moisture content of the ma- 
terial  was kept constant by reflnxing, then reduced 
gradual ly  to a predetermined level dur ing th(' btst 
]5 min. of cooking. The materials were crisped im- 
mediate ly  a f te r  cooking by evaporat ive cooli ,~ al 
ambient  temperature .  Crisping de(;reases lhe mf~is- 
ture content of the cooked flakes by I to 2%. The 
cooked mater ial  was then extracted " a s  i s "  or a f ter  
reroll ing through smooth rolls set at 0.003 in. 

The p repared  materials  were slurried with an equal 
weight of solvent either at room tempera tu re  or at 
elevated tempera tures  (120~ for hexane and 140 ~ F. 
for heptane) .  The s lur ry  was hand-st i r red to simu- 
late the mixing-conveyor action of the commercial 
s lu r ry  mixer. 

In  determining the fi l trat ion-extraction character-  
istics of the p repa red  materials,  using tlhe bench- 
scale appara tus ,  certain conditions were standardized 
on the basis of previous experience. They were as 
follows: 30-rain. s lu r ry ing  time, three solvent washes, 
2-in. cake thickness, 60 • 60 mesh filter screen, vacuum 
of 4 in. of mercury ,  and a 10-see. dra in  period af ter  
addit ion of the final wash. As the s lur ry  was poured 
on the filter uni t  of the bench-scale appara tus ,  air  
blow-back was used to mainta in  a homogenous mix- 
ture. By  means of a 3-way valve, the air  was rut  off 
and vacuum was applied. Wash solvents were added 
when the s lur ry  liquid disappeared f rom the surface 
of the cake. F i l t ra t ion  t ime began with the applica- 
tion of vacuum and included a 10-see. drain period 
a f te r  the fna l  wash liquid disappeared f rom the sur- 
face. The weight of the s lur ry  and wash filtrates and 
the fil tration times were used to calculate mass veloc- 
ity, which is defined as pounds of miseella filtrate per  
hour per  square foot of filter area. A mass velocity 
value of 2,000 is considered adequate for commercial  
application. 

Results  and Discussion 

Table I shows the exper imental  data  obtained when 
heptane was used as the extract ion solvent. F lake  
thickness for  these experiments  ranged f rom 0.008 to 
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T A B L E  I 
F i l t r a t i o n - E x t r a c t i o n  D a t a .  a E x t r a c t i o n  S o l v e n t - - I - I e p t a n e  

E x p e r i m e n t  No . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 3 4 5 6 7 8 

M a x i m u m  m o i s t u r e  d u r i n g  cooking,  % .... . . . . . . . . . .  5 .35  5 .35  10.0  10.0  1.5.0 15 .0  2 0 . 0  2 0 . 0  
M o i s t u r e  of f lakes  to ex t rac tor ,  % .. . . . . . . . . . . . . . . . . . . . .  3 .27  3 .02  5 .78  5 .44  7 .28  %62 8.B9 8 .33  
E x t r a c t i n g  t e m p e r a t u r e ,  ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80  140  80 140  80 140  80 ] 4 0  
Mass  veloci ty,  l b s . / h r . / s q ,  f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 , 2 1 9  3 , 2 2 7  3 , 0 7 7  1 , 6 1 7  2 , 7 2 9  1 ,091  1 , 5 6 4  9 6 2  
E x t r a c t e d  m e a l  ( so lven t - f ree )  

Mois tu re ,  ,% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.7  7.9 6.4 5 .5  7 .6  7 .7  7.2 7.3 
R e s i d u a l  l ipids,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 .55  1 .98 2 ,28  1 .16  1 .99  1 .22  1 .70  1 . 1 0  

E x t r a c t i o n  efficiency, % .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 .1  98.0  97 .7  98 .8  98 .0  98 ,8  98 .2  98 .8  

a T e s t  condi t ion~:  m a t e r i a l  wt . ,  450  g . ;  so iven t4o-mea t s  r a t io ,  1 to 1 ;  s l u r r y i n g  time, 30  r a in . ;  washes,  t h r ee ;  cake th ickness ,  2 i n . ;  a n d  f i l ter  
screen,  60 mesh.  

0.010 in. The two main variables were the moisture 
content of the flakes during the initial cooking period 
and the extracting and washing temperature. In the 
first two experiments the flakes were cooked "as is" 
with no added moisture. As cooking moisture of flakes 
was increased to 10%, the extraction efficiency in- 
creased rapidly with a corresponding decrease in re- 
sidual lipids. This was true for both the 80 ~ and 
140~ extraction temperatures. No improvement in 
extraction effieiency was attained for the 140 ~ extrac- 
tion when the material was cooked with nloisturc con- 
tents above 10%. For the 80 ~ temperature a slight 
increase in extraction efficiency was attained with an 
increase in cooking moistures to 20%. In all cases 
extraction efficiency was greater when the higher ex- 
traction temperature was used. 

Increasing the moisture content of flakes during 
cooking to 20% resulted in a decrease in mass veloci- 
ties for both extraction temperatures. The decrease 
in mass velocity was more rapid  ilfitially for the 
higher extraetion temperature .  At  10% cooking mois- 
ture the mass velocity dropped helow 2,000. Except  
for the experiments  in which the cooking moisture 
contents were 5.35%, the over-all mass velocities were 
greater  when the 80 ~ extract ion tenlperatures  were 
used. 

I f  heptane, were to be considered as an extract ion 
solvent for j()joba seed in commercial operations, it 
appears that either a cooking moisture content of 
about 10% and extract ion t empera tu re  of about 
140~ or a cooking moisture  of 15-18% and extrac- 
r io,  tenlpcra ture  of 80~ would be used. The choice 
of conditi t ,  ls would be a compromise between attain- 
ing adequate mass velocity and a desirable extraction 
efficiency. 

The data for the filtration-extraction tests in which 
hexane was used as the extraction solvent are shown 
in Table II. Preliminary experiments had shown 
that high extraction efficieneies (low residual lipids) 
could be obtained when the particle size of the seed 
was decreased.  Conse que nt ly  f lake  th icknesses  of 
0.007 and 0.004 were investigated as well as the effect 
of retell ing the cooked, crisped flakes prior to ex- 
traction. Except  for one experiment (No. 2) the 

extraction temperature used was 120~ the extrac- 
tion temperature employed in most commercial sol- 
vent-extraction plants.  

The effects of cooking with maximum mois ture  eon- 
tents of 10, 15, and 20% are i l lustrated in the first 
four  experiments  (Table ! I) in which the flakes used 
were 0.007 in. thick and cooked materials  were re- 
rolled. Extrac t ion  ef~eiency varied only front 98.1 
to 98.6 and residual lipids from about 1.3 to 1.7. 
Mass velocities however decreased with an increase 
in cooking nmisture contents of 10, 15, and 20% for 
the 120~ extraction temperatures as follows: 3078, 
2498, and 1782, respectively, (Expts.  1, 3, and 4) .  The 
first two values are well within the range of practical 
operat ions;  the 1,782 mass velocity approaches the 
desired minimum of 2,000. Exper iment  No. 2 was 
comparable to No. 3 exeept that  the extraction tem- 
pera tu re  was 80~ Extract ion efficiency and mass 
velocity did not appear  to he significantly affected by 
extraction tempera ture .  

In  an effort to elimimtle l'erolliug, tests were con- 
ducted, as shown in exl)eriments 5 through 8 with 
flakes 0.004 in. in t}licknt,ss. Materials cooked with 
10 and 15% moisture cmltt, nts resulted in mass veloei- 
tics above 4,500 and extraelion efiicieneies of 9&0%. 
For  comparison l)urposes th(, cooked nleats in ex- 
per iment  7 were rerlllled. Although extraction effi- 
ciency was increased It) 99% (h'ss than 1% resi(htal 
l ipids),  the mass velocity de(,reascd to 1,450 appar -  
ently due to the smalh, r partich,, size, of the revelled 
meats. I n Ex/lcrinlent 8 the mass velocity was pur-  
posely decreased by th't:reasin~z the vacuum to about  
1 in. of mercury,  thereby iner(.asing the contact t ime 
of the solvent dur ing  filtration. Ext rac t ion  efficiency 
was inereased to 98.'3%. 

Using hexane as the extract:Jim solvent, cookiug 
moisture, contents of 10 and 15% with reduction to 
6 to 7% pr ior  to extract ion are adequate to obtain 
mass velocities and cxtraetion effieiencies suitable for  
conlmercial application. Re.rolling is not required if 
flakes are rolled inil ially to a thickness of 0.004 in. 

When op t imum seed prct)arat ion and extract ion 
conditions are used, both heptanc and hexane are 
considered suitable as solvents for commercial ex- 

T A B L E  I [  
F i l t r a t i o n - E x t r a c t i o n  D a t a .  a F x t r a c t i o n  S o l v c n t - - H e x a n e  

R a w  f lake th ickness ,  inches  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 0 7  0 . 0 0 4  

E x p e r i m e n t  No . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 3 4 5 6 7 8 

Rero l l ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Max imum m o i s t u r e  d u r i n g  eooking,  % .... . . . . . . . . . .  
Mois tu re  of t takes  to ex t rae to r ,  % .. . . . . . . . . . . . . . . . . . . . .  
E x t r a c t i n g  t e m p e r a t u r e ,  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mass  veloci ty,  l b ~ . / h r . / s q ,  f t ,  b . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E x t r a c t e d  meM (so lvent - f ree)  

Mois ture ,  % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Res iduM l ipids ,  o~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

lqxtraetiml efficiency, % .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

yes 
10 .0  

3.7 
120  

3 , 0 8 0  

5.8 

.5,es 
15.0  

6.4 
80 

2 , 8 9 0  

7.5 

yes 
15 .0  

6.4 
120  

2 , 5 0 0  

7.0 

yes 
' )0.0 

7.:1 
120  

1 ,780  

5,5 

no  
10.0  

6.7 
120  

6 , 1 7 0  

5.6 

no 
15.0  

6.2 
120  

4 , 5 2 0  

5.~ 
1 .27  1 .55 

98 .6  98,3  
L 6 9  

98.1  
t .a4 

08 ,5  
1 . 7 8  

98 .0  
1 , 9 6  

98,(/ 

yes 
15.0 

5.7 
120  

1 ,450  

5.5 
0 . 9 2  

99 .0  

no  
15 .0  

6:8 
1 2 0  

2 , 7 1 0  b 

5.8 
1 .58  

98 .3  

Tes t  c o n d i t i o n s :  m a t e r i a l  wt . ,  4 5 0  g. ;  solvents- t~-meats  ra t io ,  1.5 to 1 ;  s l u r r y i n g  t ime,  30 r a in . ;  washes ,  t h r e e ;  cake  th ickness ,  2 i n . ;  and  f i l ter  
s(.i.(,(,rl, 60 nlesh.  

i, Mass  ve loci ty  r educed  by r e d u c i n g  vacuum.  
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t ract ion of jojoba flakes as there are no significant 
differences in mass velocity and extract ion efficiency 
obtained with the two solvents. However  hexane is 
the p re fe r red  solvent because it is more readily avail- 
able, is lower in cost, and has a lower boiling point,  
which facil i tates its removal  f rmn the products.  

Three exper iments  were conducted to determine the 
fi l trat ion-extraction characteristics of uncooked jojoba 
flakes. Results were errat ic in tha t  mass velocities 
varied f rom about  200 to 1,600 and extract ion effi- 
ciencies f rom 96.5 to 97.8 (residual lipids 1.9 to 
3.2%). Use of une, ooked flakes is not recommended 
for commercial  fi l tration extraction operations. 

Summary 
Data  for  the appl icat ion of the versati le filtration- 

extract ion process to jojoba seed on a bench-scale has 
been presented. Based on experience with other oil- 
seeds, there should be good correlation between the 
bench-scale and its commercial application. Moisture 
(:ontents of the material  dur ing cooking were opt imum 
at  l0 and 15%. Mass veloe, ities in excess of 2,000 and 
extract ion efficieneies of over 98% were obtained. 
These results are considered suitable for  commercial  
application. Hexane  is recouunended over heptane 
as the extract ion solvent. The use of uncooked flakes 
is not considered feasible for large-scale application. 
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A Simple Method 
Soybean Meal 

for Evaluation of Heat Treatment of 

Y. POMERANZ 1 and C. LINDNER, Government of Israel, Ministry of Commerce and 
Industry, Food Testing Laboratory, Haifa 

E 
XTRACTED SOYBEAN MEAL is heat- t reated in order to 

destroy heat-labile, ant inutr i t ional  factors  which 
impair  the nutr i t ional  value of the meal. P roper  

heat t rea tment  is capable of destroying toxic or unde- 
sirable factors  in soybean oil meal, such as t ryps in  
inhibi tor  (1, 2, 3), hemagglut in iu  (4, 5), saponin, a 
goitrogenic substance (6),  an ant icoagulant  factor,  a 
diuretic principle,  and lipoxidase. The heat ing must  
not be applied too long or at too high a tempera-  
ture  since serious damage may  occur to the qual i ty  
of the meal. Essential  components may  be destroyed 
with a concomitant  decrease in the biological value 
(7, 8, 9, 10). 

The most widely used in vitro methods for test ing 
efficiency of soybean meal toast ing include measure-  
mea t  of urease act ivi ty  (11), destruct ion of t ryps in  
inhibitor, solubility of protein (in water  or mild 
alkali) ,  fluorescence (12, 13), abil i ty of meal to ab- 
sorb dyes containing a phthalein group (14, 15, 16), 
avai labi l i ty  and extent of destruction of amino acids 
dur ing  the heat ing process or decrease in free basic 
amino groups in soybean meal (17, 18, 19). A col- 
laborat ive s tudy  of the urease method (20) showed 
that  inadequately  heated meals gave a positive test, 
but  the method should be considered as having  lira- 
ited value for  testing proper  toast ing and of no value 

1 P r e s e n t  addres s :  K a n s a s  State Univers i ty ,  Depl .  of Flour  and ~'eed 
Milling Industries,  Manhattan.  

in detecting overheating (21, 22). Evans  and St. John  
(23) followed changes in solubility of soybean pro- 
teins dur ing  progressive increases in severi ty of moist 
heat  t reatment .  Simon and Melnick (24) showed that  
reduction in protein solubility were general ly corre- 
lated to biological improvement  of soybeans dur ing 
heating. Smith  ct al. (25) studied the effect of the 
age of soybeans, t ime and tempera ture  of extraction, 
s team t reatment ,  pH,  and presence of wet t ing agent  
on the pcptizat ion of soybean mea]s. Balloun et al. 
(22) correlated the results of several in v i tro labora- 
tory  tests with the nutr i t ional  value of soybean meals 
when fed to chicks. A determinat ion of fluorescence 
was considered adequate for  testing overheat ing of 
solvent-extracted meals but  was of little va]ue in de- 
tecting overheated expeller mea]s. 

Dur ing  the manufac tu re  of soybean meal a quick 
control is essential, and only simple nlethods which 
enable an immediate  decision to be made are of value. 
On the other hand, the informat ion which can be 
expected f rom such methods is, of course, limited. 
No single physical  or chemical (and probably  not 
even biological) test carl provide an evaluation sig- 
nificant in respect to all possible applications and 
uses to which the meal may  be put.  The value of the 
meal depends - - in  addit ion to severi ty and length of 
heat t r ea tn len t - -on  the method of p repara t ion  of the 
soybean meal (solvent, hydraulic,  or expeller) and 


