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showed no impuri t ies ;  in f ra red  analysis proved that  
no trans isomer was present. 1.V. 90.5 (theor. 89.9) ; 
acid value 198.7 (theor. 198.61; n 26/D = 1.4585 [Lit. 
n 2~ = 1.4585, 1.4599 (11 ]. 

Preparation of Dcrivat'ives. Methyl  oleate was pre- 
pa red  f rom our olcic acid ( 9 9 + % ,  undist i l led),  and 
distilled at 168-170~ ram. to give a clear, colorless 
product .  The gas chromatogram showed no impnrities.  
I.V. 85.8 (theor. 85.6) ; n '~6/I) = 1.4510, Lit. n~~ = 
1.4522 (1).  

()lcoyl chhlridc was p repa red  by rcfluxing nnllis- 
tilled o lcic acid, ill dry  benzene, with oxalyl chl(/ride 
(111. The crude nlaterial was dislill(,(1 at 169- 
170~ ram. to give a clear, colorless I)rOd uct in 87 % 
yicht. In f ra red  analysis revealed no trace (tf Ccie acid 
or other cmltanlilmnts. 

Reduction with li thium alunlimlm hy(l,'i<lc of the 
nlcthyl iilcatc made from oleie acid (both nllllistilled) 
gave o]cyl ah~ohol in quant i ta t ive  yiehl (121. The 
Ulldistil]ed prodln.t had a saponification wilue of zero 
anll an [.V. of 93.2 (thcor. 94.5). When analyzed in 
tile gas chronlatograph as the ae('tate, no impurit ies 
were detected. 

Summary 
Oleic acid of 99-100% pu r i t y  has been prepared  

in 36-43% yield f rom t)live Jill. The conlbination of 

two urea-adduct  separat ions (at  room tempera ture)  
and three acid soap crystallizations (at  3~ gives an 
oleic acid of high quali ty without  recourse to frac-  
tional distillation or low-temperature  solvent crystal- 
lization. 
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The Enzymatic Hydrolysis and Tissue Oxidation of 
Fatty Acid Esters of Sucrose' 
JAMES F. BERRY and DAVID A. TURNER, Biochemistry Research Division, Department of Medicine, 
Sinai Hospital of Baltimore; and Johns Hopkins University School of Medicine, 
Baltimore, Maryland 

F 
A T T Y  A C I D  E S T E R S  o f  s u c r o s c  have been employed 
(11 as emulsifiers for the oral adminis t ra t ion of 
fa t  to dogs and humans. I t  was subsequently 

found that  the equivalent of as much as 100 g. of fa t  
as the sucrose f a t t y  acid ester in a synthetic  diet could 
be oral ly adminis tered without the expected elevation 
of p lasma tu rb id i ty  or increase in the amount  of fa t  
excreted in feces (2).  In  an extension of these studies, 
humans  were mainta ined for short  periods on this 
mater ia l  as the sole source of d ie ta ry  lipid. In  an 
a t t empt  to determine whether some unusual  mode of 
absorption of sucrose f a t t y  acid might  be involved, 
various modes of enzymic at tack were studied. Quastel 
(3) repor ted  that  sucrose monostearate  was hydro-  
lyzed to glucose and fructose by surviving intestine 
at one-fourth the rate  of sucrose hydrolys is ;  and York, 
Finchler ,  Osipow, and Snell (4) repor ted  the hy- 
drolysis of sucrose monolaurate  by  fructo-invertase.  
However  Bourne  (5) was unable to demonstra te  hy- 
drolysis of sucrose monostearate  b y  a-amylase or by  
g]ueo- or fructo-invertase.  Sucrose f a t t y  acid esters 
were found by Isaac and Jenkins  (6) to be capable 
of suppor t ing  oxidation by  sewage. 

The present  communicat ion describes the effect of 
lipase, invertase, and liver and pancreat ic  extracts  on 

1 Th i s  w o r k  w a s  ca r r i ed  out  u n d e r  U.S.P.JK.S.  G r a n t  No. A-1808 and 
S u g a r  Research ~oundation Grant No. 109. 

various commercial prepara t ions  of suerose fa t ty  acid 
esters and the oxidation of these prepara t ions  by ho- 
mogenates of liver and intestinal mueosa. 

Experimental 
Material. Sucrose f a t t y  acid esters used were "Se-  

(luol 260 ' '2  (22% palmit ie  acid, 3.4% stearic acid, 
22% oleic acid, 47% linoleie ac id) ;  sucrose monopal- 
mitate  3 (89% palmitic acid, 4.3% stearie ac id) ;  su- 
crose monostearate  A 4 (42% palmitic acid, 44% stearic 
acid, 5.4% oleie acid) ; sucrose monostearate  B 5 (39% 
palmit ie  acid, 53% stearie acid, 3% oleic ac id) ;  su- 
crose di-, 6 tri-, 7 and tetralinoleateS; and the trans- 
esterifieation product  ~ of sucrose and safflower oil. 

Procedure. A 1% solution of each sucrose f a t t y  
acid ester was made up with 20 ml. 95% ethanol and 
80 ml. glycerol. Each incubation vessel contained 50 
/,moles sucrose ester, 70 ~moles T r i s (hydroxymethy l ) -  
aminomethane buffered a t  p H  8.1, 50 ~moles sodium 
taurocholate or sodium glycoeholate, 100 ~g. enzyme 

Suppl ied  by  the Charles Pfizer Company and  p r e p a r e d  as the  t r ans -  
es ter i f iea t ion  p r o d u c t  of suc rose  and  cottonseed oil. 

a Sue rode t  D-600, Be rke l ey  Chemica l  Company .  Lot  No. S-187. 
4 O t t a w a  Chemica l  Company ,  B a t c h  No. 7255  ( 8 / 1 0 / 5 5 1 .  
5 Fos t e r  D. Snell, Ba t ch  No. 596. 
6 Colonial  S u g a r s  C o m p a n y  (7-L-18&/5-22-591.  
r Colonial  S u g a r s  C o m p a n y  ( 3 -L-176 /2  -10-59 ). 
s Colonial  S u g a r s  C o m p a n y  (5-L-175/5-22-591. 
9 Colonial  S u g a r s  C o m p a n y  (6 -L-183 /5 -22-59) .  
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in 0.1 ml. The total  volume was 2.5 ml. In  some tubes 
50 ~m01es Hormel  triolein were present.  Sources of 
enzymes were Viokase panereat in  (Viobin Labora-  
tories),  lipase (steapsin) and wheat  germ lipase (Nu- 
tr i t ional  Bioehemieals Corporat ion) ,  invertase (Mann 
Bioehemicals),  a-amylase (Pentex  Bioehemicals),  dog 
pancreat ic  juice f rom a je junal  fistula. Ra t  liver and  
intestinal  mucosa were p repared  as 10% (w/v)  ho- 
mogenates of frozen-dried tissue in 0.253/[ sucrose, 
containing 0.0013/[ ethylene diamine tetracetic acid 
neutral ized at p I I  8.0. Incubat ions were carried out 
at 37~ for 60 rain. with 0.25-ml. samples being taken 
at  10-min. intervals  for  determinat ion of ester groups 
by the method of L i p m a n n  and Tut t le  (7).  Where  
reducing groups were determined, the method of 
Nelson (8) was used. Af te r  s topping the reaction 
by immersing the reaction vessel in boiling water,  the 
reaction products  were subjected to paper  chromatog- 
r aphy  in the n i t rome thane /n -bn tano l /wa te r - so lven t  
system of Chargaff, Levine, and Green (9) and the 
color reagent  of Horrocks  and Manning (10). Con- 
trol tubes contained no enzyme. In  manometr ic  ex- 
per iments  the flask center wells contained 0.2 nil. 
30% CO2-free KOH,  and the side a rm contained the 
enzyme. 

Results 

Figure  1 shows the results of studies of hydrolysis  
of "Sequo l  260"  by various enzyme preparat ions.  
I tydro lys is  of the f a t t y  ester bond by the liver homog- 
enate was ahnost complete in 60 rain. There was no 
deteetahle release of reducing groups  by the liver 
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FIG. 1. Hydrolysis of ' ' SequoL260" by the following enzyme 
preparations: 1, pancreatic lipase; 2, wheat germ lipase; 3, Vi- 
okase; 4, pancreatic juice; 5, invertase; 6, a+amylase; 7, liver 
homogenate. 

p repara t ion  in this period of time. Substant ia l  ester 
hydrolyt ic  act ivi ty  was noted with a-amylase al though 
there was no release of reducing groups  with this 
prepara t ion.  The ester hydrolyt ic  activities of pan-  
creatic juice, pancreat ic  lipase, Viokase (pancrea t ic ) ,  
and invertase were all comparable  and yielded between 
23 and 33% hydrolysis  in 60 rain. The release of 
reducing groups by  Viokase, pancreat ic  juice, and 
invertase was between 3 and 6% of tae  total  avail- 
able. Es ter  hydrolyt ic  act iv i ty  by wheat  germ lipase 
was somewhat less than  tha t  of pancreat ic  lipase and 
yielded only 17% hydrolysis  in 60 rain. P a p e r  chro- 
ma tography  in two solvents of the hydrolysis  prod- 
ucts of sucrose monostearate  by pancreat ic  juice re- 
vealed sucrose as the only carbohydra te  product .  

Table I shows the effects of some eofactors and 
inhibitors on ester bond hydrolysis  of "Sequo l  260"  

T A B L E  I 

T h e  E f f e c t  o f  C o f a c t o r s  a n d  I n h i b i t o r s  o n  E s t e r  B o n d  
H y d r o l y s i s  o f  " S e q u o l  2 6 0 "  

% A v a i l a b l e  E s t e r  G r o u p s  I t y d r o l y z e d / 6 O  r a i n .  

" S e q u o l  2 6 0 " .  . . . . . . . . . . . . . . . . .  
" S e q R o I  2 6 0 "  t a u r o -  

e h o l a t e  o m i t t e d  . . . . . . . . . . .  
T r i o l e i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i o l e i n  + " S e q u o l  

2 6 0 " .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
S u c r o s e  -}- " S e q u o ]  

2 6 0 " .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
l O-4N[ T E P I '  -}- 

" S e q u o l  2 6 6 " .  . . . . . . . . . . . .  
3 . 7  X 1 0  2M Cu  ~+ -~ 

" S e q u o 1 2 6 0 "  . . . . . . . . . . . . .  

W h e a t  P a n c r ,  
g e r m  a t i e  

l i p a s e  l i p a s e  

2 6 . 5  

) 3 , 6  0 .8  
6 8 . 5  5 3 . 5  

5 6 . 3  4 0 . 7  

: ' •  : . . . . .  

V i o k a s e  

2 9 . 0  

l 9 . 9  

3 6 . 6  

P a n e r e -  
L i v e r  a t i e  

j u i c e  

! )8 .0  3 5 . 5  

28. ! )  9 . 4  

4 6 . 4  1 7 . 5  

l 0 1 . 6  3 2 . 4  

. . . . . .  3 5 . 2  

. . . . . .  9 6 . 6  

by various enzyme preparat ions.  All interest ing dif- 
ference is shown in the response of pancreat ic  and 
wheat germ lipase to the omission of tanroeholate.  
Very  little inhibition of the hy<lrolysis of "Sequol  
260"  because of the omission of tauroeholate was noted 
with wheat  germ lipase. I Iowever  tile hydrolysis  of 
"Sequo l  260"  by pancreat ic  lipase was almost  com- 
pletely ilthibited by omission of taurocholate.  

It  is suggested that  taurocholate may  exert  more 
influence in a l ter ing the physical state of the enzyme 
than in affecting the snbstrate.  Glycoeholate was only 
about  55% as effective as taurocholate.  

The presence of triolein appears  to be inhibi tory  to 
the ester bond hydrolysis  o f "  Sequol 260"  by all en- 
zyme prepara t ions  tested. Since the sum of ester 
bonds of "Sequo l  260"  and of trioleiu hydrolyzed is 
greater  than the ester bonds hydrolyzed when both 
are present  together,  it appears  that  there m a y  be 
competit ion for  the active centers on the enzyme in 
question. 

The presence of sucrose in the medium did not in- 
hibit ester bond hydrolysis  of "Sequo l  260"  by  pan- 
creatic juice or l iver homogenates. 

The presence of 10-4M tetraethyl  pyrophosphate  did 
not inhibit  ester bond hydrolysis,  and 3.7 • 10-2M cu- 
pric ions produced an act ivat ion of ester bond hy- 
drolysis by pancreat ic  juice. These findings tend to 
rule out hydrolysis  by  pancreat ic  esterases or pro- 
esterases such as those described by Gjessing, Emery ,  
and Clements (11). 

F igure  2 shows the ester bond hydrolysis  by  pan-  
creatic lipase of different prepara t ions  of sucrose f a t t y  
acid esters. I t  may  be seen tha t  the greatest  hydroly t ic  
act ivi ty is noted with sucrose trilinoleate, followed by  
the sucrose di- and tetralinoleates. The dis t r ibut ion 
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lalG. 2. Hydrolysis by tmncreatie lil):tse of the following su- 
crose fatty acid esters: 1, '~SCIlUOI ~(i0~; 2, sucrose monoste- 
arate A; 3, sucrose nmn(~stearat.e B; 4, recrystallized sucrose 
mmtostcarate B; 5, sucrose momq)almitatc; 6, suerose-sagtower 
oil transcsterifieation product; 7, sm'rose dilin()lc:ttc; 8, sucrose 
trilinolcatc ; 9, sucrose tctralinolcate. 

of fa t ty  acids on these preparat ions is uuccrtaiu. They 
may be arranged on the triliuoleatc in sm;h a way that 
the molecule more closely resembles a triglyecridc than 
do the di- or tetralinolcates. Tit(; greater activity of 
paucreatie lipase on unsaturated fat ty acid sucrose 
esters than on esters with saturated fa t ty  acids is in 
agreement with the observations of Gomori (12) and 
Ravin and Seligman (13). The hydrolysis of some of 
the sucrose monostearate preparations by pancreatic 
lipase is less active than that of tile sucrose ]inoleate 
preparations. I t  would have been expected that su- 
crose monopalmitate hydrolysis would have been more 
active than that  of sucrose monostearate, t lowever all 
of the sucrose ester preparations tested except "Sequol 
260" and the sucrose linoleates contained appreciable 
proportions of residual solvents. The inhibitory action 
of residual solvents on pancreatic lipase activity is 
part ial ly revealed by comparing the difference in ac- 
t ivity between the sucrose monostearate B (Curve 3) 
and the recrystallized sucrose monostearate B (curve 
4), in which much of the solvent was removed. 

Since it was not demonstrated that the sucrose fa t ty  
acid esters were cleaved at the glycosidic linkage by 
intestinal or pancreatic enzymes, their oxidation by 
intestinal mucosa was considered as a possible mechan- 
ism involved in absorption. Figure  3 shows the oxy- 
gen consumption of mucosal tissue as determined with 
various substrates. The values plotted represent the 
difference between that obtained with the sucrose ester 
and sucrose plus the corresponding fa t ty  acids. The 
best oxygen uptake measured would only account for  
0.09% of the substrate or 0.1% of the fa t ty  acid. I t  
may be seen that  "Sequol  260"  was the best s~bstrate, 
closely followed by the sucrose linoleate preparations. 
The other sucrose monostearate preparations may offer 
some inhibition of their own oxidation because of the 
presence of residual solvent. 

F igure  4 shows a similar s tudy of oxygen consump- 
tion by liver tissue with various substrates. The pat- 
tern is considerably different from that of iutestinal 
mucosa. Much greater oxidation was noted, but there 
was three times as much oxidation with "Sequol  260"  
and sucrose dilinoleate as with any other substrate. 
The least oxidation occurred with those preparations 
(.on~aining the most residual solvent. 

D i s c u s s i o n  

Pan(~r(~atic lipase appeared to be the principal en- 
zyme occurring in the normal digestive process which 
exMbitcd ac | ivi ty with the sucrose fa t ty  acid esters 
as substrates. No appreciable hydrolysis of the glyco- 
sidle linkage occurred since there was no detectable 
release of reducing groups nor were there any glucose 
or fructose esters found by paper chromatography.  
The presence of the fa t ty  acid may haw; sterieally 
hindered the attack on the glycosidic linkage. 

The best hydrolytic activity was obtained with 
esters having a high preponderance of uusaturated 
fa t ty  acids. The assessment of hydrolyt ic  activity 
may have beeu partially obscured by transesterifiea- 
tion reactions. However addition of free fa t ty  acids 
aml glycerol to the systems did not result in an inhi- 
bition of hydrolysis or in net increase in the amoum 
of ester bonds present. 

Since cupric ions and tetra-ethyl pyrophosphate 
were not inhibitory to hydrolysis, there was probably 
little esterase activity contributing to the hydrolysis 
of sncrose esters. The stimulation of hydrolysis ob- 
served with cupric ions may have been caused by the 
removal of reaction products by the formation of cop- 
per soaps of tim liberated fa t ty  acids. 

()xidation of the sucrose fa t ty  acid esters by both 
i . testinal mueosa and liver homogenates was greater 
than that  of sucrose and the corresponding fat ty  acid 
alone. Although this may have resulted from a pri- 
mary gradual release of sucrose and fa t ty  acid by 
hydrolytic enzymes at the site of oxidation, the extent 
of oxidation was considerably less than the extent of 
hydrolysis. In addition, the oxidative activity with 
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]PIG. 3. Oxygen uptake by rat intestinal mucosa with the fol- 
lowing sucrose fatty acid esters: 1, ~Sequol 260"; 2, sucrose 
monostearate B; 3, recrystallized sucrose monostearate B; 
4, sucrose monostearate A; 5, sucrose dilinoleate; 6, sucrose 
trilino]eate; 7, sucrose tetralinoleate; 8, sucrose-safflower oil 
transesterification product. 
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Fro. 4. Oxygen uptake by rat liver homogenates with the 
following sucrose fatty acid esters: 1, ~'Sequol 260"; 2, su- 
('rose monostearate B; 3, rccrystallized sucrose monostear:~te 
B; 4 sucrose monostea,':(te A; 5, sucrose dilinoleate; 6, sucrose 
trilinoleate; 7, sucrose tctrMilmlcate; 8, sucrose-safflower oil 
transesterification product. 

various substrates (lid not correspond to the hydro-  
lytic act ivi ty of these substrates with lipase. 

Thc results reported offer little explanatiou for the 
intestinal absorption of f a t t y  acid esters wi thout  a 
corresponding increase in serum turb id i ty  on the basis 
of a hydrolyt ic  mechanism. Thus it  will probably  be 
necessary to seek for  a physico-ehemieal or physioh)g- 
ical mechanism for this phenomenon. 

Summary 
Various prepara t ions  of sucrose f a t ty  acid esters 

were hydrolyzed by wheat germ or pancreatic lipase, 

pancreat in ,  pancreat ic  juice, a-amylase, invertase, or 
liver hoInogenates to yield sucrose and free f a t t y  acids 
as products.  The greatest  act iv i ty  was observed with 
the l iver  homogeuate. 

None of the enzymes studied cleaved the glycosidic 
linkage as indicated by the lack of appearance  of 
reducing groups and by paper  ch romatography  of 
the products.  

The greatest  hydrolysis  by  pancreat ic  ]ipase was ob- 
served with sucrose esters having  a grea ter  prepon-  
derance of unsa tura ted  f a t t y  acids, namely,  sucrose 
trilinoleate, sucrose dilinoleate, sucrose tetralinoleate,  
and "Sequo l  260"  (69% unsa tura ted  f a t t y  acids).  

Sodium taurocholate was required for  hydrolysis  
by pancreat ic  lipase but  not by wheat  germ lipase. 
Sucrose ester was inhibi tory to the hydrolysis  of tri-  
olein by all l ipolytic preparat ions.  Tet ra-e thyl  pyro- 
phosphate and cupric ions were not inhibi tory to the 
hydrolysis  of sucrose ester. 

Sucrose f a t t y  acid esters suppor ted  respirat ion by 
ra t  l iver homogenates and to a much lesser extent 
by ra t  intestinal  mucosa. The rate  of oxidation was 
greater  than  tha t  observed with sucrose and the cor- 
responding f a t t y  acid. The greatest  act ivi ty was ob- 
served with esters of f a t t y  acids having a greater  
preponderance of unsa tura ted  f a t t y  acids, immely, 
"Sequo l  260,"  sucrose di-, tri-, and tetralinoleate. 
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Relationship Between the Apparent Bulk Density 
Bleaching Clay and Its Oil Retention 
A. D. RICH, Bennett-Clark Company Inc., Nacogdoches, Texas 

of a 

O 
IL RETENTION of bleaching clay is an hnpor tan t  

economic factor  that  is often ignored when cal- 
culating the comparat ive  cost of clays. The 

pr incipal  reason is difficulty in obtaining an accurate  
plant  oil-retention figure, and thus in many  compara-  
tive-cost evaluations between two clays the economics 

are based upon bleaching power and laid-down clay 
eost alone. A more complete comparison should in- 
elude consideration of oil retention as well (2).  

The importance of oil retent ion may  be realized by 
the fact  that  with oil at 10r per  pound, every 1% 
difference in oil retention between two clays, clay-as- 


