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showed no impurities; infrared analysis proved that
no trans isomer was present. 1.V. 90.5 (theor. 89.9);
acid value 198.7 (theor. 198.6) ; n26/D = 1.4585 [Lit.
n20/D =1.4585, 14599 (1)1].

I’rcpamtwn of Derivatives. Methyl oleate was pre-
pared from our oleic acid (99+%, undistilled), and
distilled at 168-170°C./2 mm. to give a clear, colorless
produot The gas ('hromatom am showed no impurities.
IV. 858 (theor. 85.6) ; n26/D =1 4510, lit. n20/P =
14522 (1).

Oleoyl chloride was prepared by refluxing undis-
tilled oleie acid, in dry benzene, with oxalyl chloride
(11). The crude material was distilled at 169-
170°C./4 mm. to give a clear, colorless product in 87%
yvield. Infrared analysis revealed no trace of oleic acid
or other contaminants.

Reduetion with lithium aluminum hydride of the
methyl oleate made from oleie acid (both undistilled)
gave oleyl aleohol in quantitative yield (12). The
undistilled product had a saponification value of zero
and an I.V. of 93.2 (theor. 94.5). When analyzed in
the gas chromatograph as the acetate, no impurities
were detected.

Summary

Oleic acid of 99-100% purity has been prepared
in 36-43% yield from olive oil. The combination of
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two urea-adduct separations (at room temperature)
and three acid soap crystallizations (at 3°C.) gives an
oleic acid of high quality without recourse to frac-
tional distillation or low-temperature solvent erystal-
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

ATTY ACID ESTERS of sucrose have been employed
(1) as emulsifiers for the oral administration of
fat to dogs and humans. It was subsequently
found that the equivalent of as much as 100 g. of fat
as the sucrose fatty acid ester in a synthetic diet could
be orally administered without the expected elevation
of plasma turbidity or increase in the amount of fat
exereted in feces (2). In an extension of these studies,
humans were maintained for short periods on this
material as the sole source of dietary lipid. In an
attempt to determine whether some unusual mode of
absorption of sucrose fatty acid might be involved,
various modes of enzymic attack were studied. Quastel
{3) reported that sucrose monostearate was hydro-
lyzed to glucose and fruectose by surviving intestine
at one-fourth the rate of sucrose hydrolysis; and York,
Finchler, Osipow, and Snell (4) reported the hy-
drolysis of sucrose monolaurate by fruecto-invertase.
However Bourne (5) was unable to demonstrate hy-
drolysis of sucrose monostearate by s-amylase or by
glueo- or fruecto-invertase. Sucrose fatty acid esters
were found by Isaac and Jenkins (6) to be capable
of supporting oxidation by sewage.
The present communication describes the effect of
lipase, invertase, and liver and pancreatic extracts on

1 This work was carried out under U.8.P.H.8. Grant No. A-1808 and
Sugar Research Foundation Grant No. 109,

various commercial preparations of sucrose fatty acid
esters and the oxidation of these preparations by ho-
mogenates of liver and intestinal mucosa.

Experimental

Material. Sucrose fatty acid esters used were ‘‘Se-
quol 2607'% (229% palmitic acid, 3.4% stearic acid,
229 oleic acid, 47% linoleic acid) ; suerose monopal-
mitate® (89% palmitic acid, 4.3% stearic acid) ; su-
crose monostearate A* (42% palmitic acid, 44% stearic
acid, 5.4% oleic acid) ; sucrose monostearate B® (39%
palmitic acid, 53% stearic acid, 3% oleic acid) ; su-
crose di-® tri-,” and tetralinoleate®; and the trans-
esterification product® of sucrose and safflower oil.

Procedure. A 1% solution of each sucrose fatty
acid ester was made up with 20 ml. 95% ethanol and
80 ml. glycerol. Each incubation vessel contained 50
umoles sucrose ester, 70 pmoles Tris (hydroxymethyl)-
aminomethane buffered at pH 8.1, 50 pmoles sodium
taurocholate or sodium glycocholate, 100 ug. enzyme
_2S—u;1;ied by the Charles Pfizer Company and prepared as the trans-
estemﬁcatxon product of sucrose and cottonseed oil.

3 Sucrodet D-600, Berkeley Chemical Company, Lot No. S-187.

4 Ottawa Chemical Company, Batch No. 7255 (8/10/55).

5 Foster D. Snell, Batch No. 59

¢ Colonial Sugars Company (7-L- 184/5 22-59).

7 Colonial Sugars Company (3-L-176/2-10-59).

8 Colonial Sugars Company (5-1,-175/5-22-59).
? Colonial Sugars Company (6-1.-183/5-22-59).
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in 0.1 ml. The total volume was 2.5 ml. In some tubes
50 umoles Hormel triolein were present. Sources of
enzymes were Viokase pancreatin (Viobin Labora-
tories), lipase (steapsin) and wheat germ lipase (Nu-
tritional Biochemicals Corporation), invertase (Mann
Biochemicals), a-amylase (Pentex Biochemicals), dog
pancreatic juice from a jejunal fistula. Rat liver and
intestinal mucosa were prepared as 10% (w/v) ho-
mogenates of frozen-dried tissue in 0.25M sucrose,
containing 0.001M ethylene diamine tetracetic acid
neutralized at pH 8.0. Incubations were carried out
at 37°C. for 60 min. with 0.25-ml. samples being taken
at 10-min. intervals for determination of ester groups
by the method of Lipmann and Tuttle (7). Where
reducing groups were determined, the method of
Nelson (8) was used. After stopping the reaction
by immersing the reaction vessel in boiling water, the
reaction products were subjected to paper chromatog-
raphy in the nitromethane/n-butanol/water-solvent
system of Chargaff, Levine, and Green (9) and the
color reagent of Horrocks and Manning (10). Con-
trol tubes contained no enzyme. In manometric ex-
periments the flask center wells contained 0.2 ml.
30% COs-free KOH, and the side arm contained the
enzyme.
Results

Figure 1 shows the results of studies of hydrolysis
of ““Sequol 260’ by various enzyme preparations.
Hydrolysis of the fatty ester bond by the liver homog-
enate was almost complete in 60 min. There was no
deteetable release of reducing groups by the liver
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Fig. 1. Hydrolysis of ‘‘Sequol-260’’ by the following enzyme
preparations: 1, panereatic lipase; 2, wheat germ lipase; 3, Vi-
okase; 4, pancreatic juice; 5, invertase; 6, a-amylase; 7, liver
homogenate.
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preparation in this period of time. Substantial ester
hydrolytic activity was noted with e-amylase although
there was no release of reducing groups with this
preparation. The ester hydrolytic activities of pan-
creatic juice, pancreatic lipase, Viokase (pancreatic),
and invertase were all comparable and yielded between
23 and 33% hydrolysis in 60 min. The release of
reducing groups by Viokase, pancreatic juice, and
invertase was between 3 and 6% of the total avail-
able. Ester hydrolytic activity by wheat germ lipase
was somewhat less than that of pancreatic lipase and
yielded only 17% hydrolysis in 60 min. Paper chro-
matography in two solvents of the hydrolysis prod-
ucts of sucrose monostearate by pancreatic juice re-
vealed sucrose as the only carbohydrate product.
Table I shows the effects of some cofactors and
inhibitors on ester bond hydrolysis of ‘‘Sequol 2607’

TABLE I

The Effect of Cofactors and Inhibitors on Ester Bond
Hydrolysis of ‘“Sequol 260"

Y% Available Ester Groups Hydrolyzed/60 min.
Wheat | Pancre- Pancre-
germ atic Viokase | Liver atic
lipase lipase juice
“Sequol 260™...... .. 16.8 26.5 29.0 98.0 35.5
“Sequol 260" tauvro-
cholate omitted........... 13.6 08 | o | e |
Triolein.........oceeuvuios 68.5 53.5 19.9 258.9 9.4
56.3 40.7 36.6 46.4 17.5
.................. 101.6 32.4
10-*M TEPDP -
“Sequol 260" | e | s L L 35.2
3.7 X10°*M Cu't +
_ "Sequol 260”.......... T IS s e _96.6

by various enzyme preparations. An interesting dif-
ference is shown in the response of panecreatic and
wheat germ lipase to the omission of taurocholate.
Very little inhibition of the hydrolysis of ‘‘Sequol
2607’ because of the omission of taurocholate was noted
with wheat germ lipase. However the hydrolysis of
““Sequol 26077 by pancreatic lipase was almost com-
pletely inhibited by omission of taurocholate.

It is suggested that taurocholate may exert more
influence in altering the physical state of the enzyme
than in affecting the substrate. Glycocholate was only
about 55% as effective as taurocholate.

The presence of triolein appears to be inhibitory to
the ester bond hydrolysis of ‘‘Sequol 260’ by all en-
zyme preparations tested. Since the sum of ester
bonds of ‘“Sequol 260’ and of trioclein hydrolyzed is
greater than the ester bonds hydrolyzed when both
are present together, it appears that there may be
competition for the active centers on the enzyme in
question.

The presence of sucrose in the medium did not in-
hibit ester bond hydrolysis of ‘‘Sequol 260’’ by pan-
creatic juice or liver homogenates.

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

Figure 2 shows the ester bond hydrolysis by pan-
creatic lipase of different preparations of sucrose fatty
acid esters. It may be seen that the greatest hydrolytic
activity is noted with sucrose trilinoleate, followed by
the sucrose di- and tetralinoleates. The distribution
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If16. 2. Hydrolysis by pancreatie lipase of the following su-
crose fatty acid esters: 1, ‘“Scquol 260°7; 2, sucrose monoste-
arate A; 3, sucrose monostearate B; 4, reerystallized sucrose
monostearate B; 5, sucrose monopalmitate; 6, suerose-safflower
oil tramsesterification product; 7, sucrose dilinoleate; 8, suerose
trilinoleate; 9, suerose tetralinoleate,

of fatty acids on these preparations is uncertain. They
may be arranged on the trilinoleate in such a way that
the molecule more closely resembles a triglyceeride than
do the di- or tetralinoleates. The greater activity of
pancreatic lipase on unsaturated fatty acid suerose
esters than oun esters with saturated fatty acids is in
agreement with the observations of Gomori (12) and
Ravin and Seligman (13). The hydrolysis of some of
the sucerose monostearate preparations by pancreatic
lipase is less active than that of the suncrose linoleate
preparations. It would have been expected that su-
crose monopalmitate hydrolysis would have been more
active than that of sucrose monostearate. However all
of the sucrose ester preparations tested except ‘‘Sequol
260’7 and the sucrose linoleates contained appreciable
proportions of residual solvents. The inhibitory action
of residual solvents on panecreatic lipase activity is
partially revealed by comparing the difference in ac-
tivity 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 fatty
acid esters were cleaved at the glycosidie 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 fatty acids. The
best oxygen uptake measured would only account for
0.09% of the substrate or 0.1% of the fatty acid. It
may be seen that ‘‘Sequol 260’ was the best substrate,
closely followed by the suecrose linoleate preparations.
The other sucrose monostearate preparations may offer
some inhibition of their own oxidation beeause of the
presence of residual solvent.

Vou. 37

Figure 4 shows a similar study of oxygen consump-
tion by liver tissue with various substrates. The pat-
tern is considerably different from that of intestinal
mucosa. Much greater oxidation was noted, but there
was three times as much oxidation with ‘¢Sequol 260°’
and suerose dilinoleate as with any other substrate.
The least oxidation occurred with those preparations
containing the most residnal solvent.

Discussion

Pancreatic lipase appeared to be the principal en-
zyme occurring in the normal digestive process which
exhibited activity with the sucrose fatty acid esters
as substrates. No appreciable hydrolysis of the glyco-
sidie linkage occeurred 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 fatty acid may have sterically
hindered the attack on the glycosidie linkage.

The best hydrolytic activity was obtained with
esters having a high preponderance of unsaturated
fatty acids. The assessment of hydrolytic activity
may have been partially obscured by transesterifica-
tion reactions. However addition of free fatty acids
and glycerol to the systems did not result in an inhi-
bition of hydrolysis or in net increase in the amount
of ester bonds present.

Since cupric ions and tetra-ethyl pyrophosphate
were nof inhibitory to hydrolysis, there was probably
little esterase activity contributing to the hydrolysis
of sucrose 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 the liberated fatty acids.

Oxidation of the sucrose fatty acid esters by both
intestinal mucosa and liver homogenates was greater
than that of sucrose and the corresponding fatty acid
alone. Although this may have resulted from a pri-
mary gradual release of sucrose and fatty acid by
hydrolytic enzymes at the site of oxidation, the extent
of oxidation was considerably less than the extent of
hydrolysis. Tn addition, the oxidative activity with
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Fig. 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
trilinoleate; 7, sucrose tetralinoleate; 8, sucrose-safflower oil
transesterification produect.
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Fie. 4. Oxygen uptake by rat liver homogenates with the
following sucrose fatty acid esters: 1, ¢“Sequol 260’’; 2, su-
crose monostearate B; 3, rcerystallized sucrose monostcarate
B; 4, sucrose monostearate A; 5, sucrose dilinoleate; 6, sucrosc
trilinoleate; 7, sucrose tetralinoleate; 8, sucrose-safflower oil

transesferification product.

various substrates did not correspond to the hydro-
Iytic activity of these substrates with lipase.

The results reported offer little explanation for the
intestinal absorption of fatty acid esters without a
corresponding increase in serum turbidity on the basis
of a hydrolytic mechanism. Thus it will probably be
necessary to seek for a physico-chemical or physiolog-
ical mechanism for this phenomenon.

Summary

Various preparations of sucrose fatty acid esters
were hydrolyzed by wheat germ or pancreatic lipase,
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pancreatin, pancreatic juice, a-amylase, invertase, or
liver homogenates to yield sucrose and free fatty acids
as products. The greatest activity was observed with
the liver homogenate.

None of the enzymes studied eleaved the glycosidie
linkage as indicated by the lack of appearance of
reducing groups and by paper chromatography of
the products.

The greatest hydrolysis by pancreatic lipase was ob-
served with sucrose esters having a greater prepon-
derance of unsaturated fatty acids, namely, sucrose
trilinoleate, sucrose dilinoleate, sucrose tetralinoleate,
and ‘‘Sequol 260’ (69% unsaturated fatty acids).

Sodium taurocholate was required for hydrolysis
by pancreatic lipase but not by wheat germ lipase.
Sucrose ester was inhibitory to the hydrolysis of tri-
olein by all lipolytic preparations. Tetra-ethyl pyro-
phosphate and cupric ions were not inhibitory to the
hydrolysis of sucrose ester.

Sucrose fatty acid esters supported respiration by
rat liver homogenates and to a much lesser extent
by rat intestinal mucosa. The rate of oxidation was
greater than that observed with sucrose and the cor-
responding fatty acid. The greatest activity was ob-
served with esters of fatty acids having a greater
preponderance of unsaturated fatty acids, namely,
““Sequol 260,”" sucrose di-, tri-, and tetralinoleate.
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Relationship Between the Apparent Bulk Density of a
Bleaching Clay and Its O1l Retention

A. D. RICH, Bennett-Clark Company Inc., Nacogdoches, Texas

economic factor that is often ignored when cal-
culating the comparative cost of clays. The
principal reason is difficulty in obtaining an accurate
plant oil-retention figure, and thus in many compara-
tive-cost evaluations between two clays the economics

OIL RETENTION of bleaching clay is an important

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

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



