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Most natural fats have been shown to be readily digested, but in the
case of naturally-occurring fats of high melting point and of fats hardened
by hydrogenation, the coefficient of digestibility may be redueed. Two
major theories have been propounded to explain differences in digestibility :
(1) that digestibility is inversely proportional to and dependent upon
melting point (8, 9); or (2) that digestibility is limited by the amount
of saturated fatty acids of carbon chains 18 or longer (8, 10). Other recent
findings deserve consideration: Cheng, Morehouse, and Deuel {2) reported
; that monostearin was more digestible than either the triglyceride or the
] free fatty acid and Mattson, Baur, and Beck (12), that long-chain saturated

fatty acids were better utilized as diacetin fat than as triglyeeride. These
results indicate that not only is the chain length of the fatty aeids impor-
ant but also their association within the glyceride structure.

To provide basic information for the development of fats which will
meet the Armed Forees’ stability requirement of 160° ¥. these various
factors were explored, Preliminary studies of lipid materials formed by
interesterification with hexahvdrie aleohols were also conduected.

———

METHODS AND MATERIALS

Diets varying only in source of faf were fed to adult male albino rats, 5 to 7 per
group, for 15 days and feces colleeted on the last 5 days for digestibility measurement.
In each test z referenee eoilonseed-oil diet and a fat-free diet were fed. The amount
of food offered wad eonstant for all groups in eaech test and sufficient to permit small
weight gains with the reference diet; in most cases consumption was complete.

The diets were composed of 80 parts of a diet base, as shown in Table 1, and 20
parts of test fat. Fats were dissolved in warm ethanol and mixed with the diet base;
ihe diets were then placed on shallow trays and held at room temperature until the
aleohol evaperated. This procedure was followed to insure intimate mixing of fat with
other diet components. The fat-free diet was treated in the same manner with 80 parts
of base added to 30.7 parts of sucrose to yield a diet iso-nitrogenous when equal
calories were fed.

Fat content of the diet and of the feces was determined by a modified Association
of Qfficial Agrieultural Chemists (Z) procedure as follows:

——

To approximately 2 g. of wet feces was added 5 ml of concentrated
hydrochloric acid and digestion carried out af low beiling temperature, with

* This paper reports research undertaken at the Quartermaster Food and Container
Tnstitute for the Armed Forces, and has been assigned No. 624 in the series of papers
approved for publication. The views or eonclusions contaired in this report are these
of the authors. They are not to be construed as necessarily reflecting the views or
indorsement of the Department of Defense.

These findings were presented, in part, before the American Institute of Nutri-
tion, 1956.
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TABLE 1
Composition of diet base for fat test diets

Component %
Casein ............. e RS U TR U PR TN IR 18.26
Methionine.......... e . 0.49
Corn starch............ e . 37.50
Sucrose 36.25
TSP Bals 2 e e T s 5.00
Vitamin misture’ .o e e e e 1.25
GIYCETINE. .o e RO OO PO UUTPOP 1.25

s Supplying in milligrams per 100 g. of diet: Thiamine hydrochloride 0.50; riboflavin 0.50;
pyridexine hydrochloride §.25; nicotinamide 2,00; caleium pantothenate 2,00; inositol 10.00; para-
amine benzoie acid 5.00; biotin 0.01; folic acid §.10; choline chloride 100.00; vitamin K 0,10 and
vitamin Bis 50 ug. Fat-soluble vitamins were given by dropper prier to the collection period and
provided 6000 L.U. of vitamin A, 60 LU. of vitamin I and 5.0 mg. of alpha-tocopherol.

stirring, until all particles disintegrated. The digest was transferred to a
Mojonnier fask, the beaker rinsed with a small volume of ethanol, and the
mixture cooled. Lipids were extracted by adding 25 ml. of ethyl ether,
shaking vigerously, adding 25 ml. of petroleum ether z2nd shaking again.
The extraction procedure was repeated three or more times and the ether
phases transferred to a weighed erystallizing dish after each extraction.
Evaporation was begun immediately in a fume hood and the evaporated
sample dried to constant weight at 60-65° C. in vacuo. Recovery of 98.5 to
100¢% was obtained by this method from synthetie mixtures of free fatty
acid, soap, neutral fat, and cholesterol. Absorbability was caleulated from
the formula:
Tat Intake — (Feeal Fat — Fecal Fat of Fat-free Group)

o Tromct bl =
% Digeatibility Fat Intake 100

The term ‘‘digestibility’’ is employed because of its general aceeptance although it
is recognized that the feeal lipids, particularly when fully hydrogenated fats are fed,
cottain appreeiable amounts of soaps and some free fatty acids which represent end-
products of digestion net absorbed. What is measured is a combination of both undi-
gested and unabisorbed materials. :

Data were analyzed statistieally by the multiple range test of Duncan (4) for the
significance of differences among ranked means or by the t-test (5) for the significance
of the difference between two means.

Capillary melting point, jodine number, and saponification value of the fats were
determined {1}. Seven natural fats—corn, soybean, cottonseed, coconut and palm oils,
butterfat and lard—representing wide variation in melting point, saturation, and chain
length were studied. Fully hydrogenated fats were prepared from these same mate-
rials. Characteristics of the natural and hydrogenated produets are presented in Table 2.

Characteristies of the modified lards tested are listed in Table 3. The modifications
were (1) butyration te the extent of one fatty acid equivalent, (2) interesterification
with glyeerol to form monoglycerides, and (3) interesterification with mannitel 1o
replace glyeerol, forming mixed mannitol esters. A simple mixture of hydrogenated
lard and tributyrin compounded to yield approximately the same over-all fatty acid
content served asm a control for the butyrated lard. Hydrogenated lard monoglyceride
was compared with glyceryl monostearate of higher melting point; and the mannitol
esters with the normal glycerides from which they were made.

RESULTS AND DISCUSSION

Natural fats were found to be 97.0 to 99.7% digestible and these coeffi-
cients bore no relationship to melting point, saturation or chain length of
the constitment fatty aeids. The values obtained are given in Table 4,
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TABLE 2
Characteristics of natural and hydrogenated fats

Saturated fatty acids

Capillary melt- Iodine Saponificati
Fat ing poiat C. | number Mralue €18 amd sboro?
Naturel fats
Butterfat.................. 35.4 31 224 " 121
Coconutoil................... 25.4 10 237 2.7
Cornoil................... <0 125 193 4.2
Cottonseed oil. . < {0 112 194 24
Lard. ... 45.1 66 195 10.0
Palm oil... ... e 36.5 53 198 4.7
Soyhean oil......... S <0 126 193 3.3
Hydrogenated fats
Butterfat................... 49.8 <1 224 33.8
Coeonut oil... 45.2 <1 253 12.2
Corn oil............ 68.0 3 150 90.1
Cottonseed oif.............. 61.6 1 185 72.3
Lard....coicins 61.2 <1 193 73.4
Palm oil.... 59.4 1 198 7.3
Soybeanoil................. 67.2 5 193 82.1
* Obtained from Hilditch (7},
TABLE 3
Characteristics of modified lards
Capills 1t-| Todi S. ifica-
Product Copillers mele | Jodtpe | Saponifn

Buiyrated hydrogenated Jard (13.49% by weight)........... 52.9 <1 236
Simple mixture of hydrogenated lard and

tributyrin {81:19) ..., A e et e 59.0 <1 237
Monoglyeerides of hydrogenated lard............ccoovinii o 67.6 i3 160
Glyceryl monostearate. ... 74.7 4 160
Maznnitol esters of Iard.......ooooin e 30.7 63 92
Meannitol esters of hydrogenated lard 53.1 <1 176

together with the statistical comparison of differences between means.
Groups of means enclosed within a bracket do not differ from one another.
In general, digestibility of the natural fats could not be clearly differ-
entiated.

A similar comparison of the fully hydrogenated fats is shown in Table
4, Hydrogenated coconut oil was 98.5% digestible, significantly different
from any other fat. Hydrogenated butterfat was superior to all fats
except hydrogenated eoconut, being 61.0% digestible. At the 1% signifi-
cance level, hydrogenated corn oil differed from hydrogenated palin and
hydrogenated cottonseed oils, but not from hydrogenated soybean oil or
hydrogenated lard.

Representative body weight data are presented graphically in Figure 1.
The highly digestible fats permitted adequate gains in body weight after
adjustment to the change from stock diel. When a poorly digested fat was
fed, the decreased caloric yield was reflected by lack of groewth or small
losses of body weight. Major losses of weight, indicative of toxicity of the
test materials, were not encountered.
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TABLE 4
Digestibility of natural and hydrogenated fats

Fat | % Dizestibility
Neatural fats

Coconut 0il..... .01t [99.7 == 06.07°) 05t
Soybean oil. .. . [(E99.0x013 |}
Cornoil.......... [| 986012 )

"] { 9802016 !

i 97.9 o 0.02 ]

O % B X j

L 97.0 = 0.27

Hydrogenated fats

Coconutooil.. ... ... e e 01 98.5 4 (.42 .05
Butterfat ... s 61.0 =+ 2,17
Palmoil.oooooooo e, [23.8 4 3.041
Cottonseed oil 1228+ 237]) 1
Seybean oil... . fl17ea096 |
Lard..... | 1152158 |
COLT O i 12,0+ 3.08 ]

1 Meang enclosed within brackets do not differ at the indicated confidence level,
? Standard error. :

A plot of the percentage digestibility of hydrogenated fats against
melting poiut, illustrated in Figure 2, showed an inverse linear relation-
ship with a correlation coefficient of —-0.941. It should be noted, however,
that the slope and definition of the line rely on the extreme values and
that the data seatter in the very high melting point range. A better eorre- |
lation (r=--0.999) was obtained when digestibility was plotted against ;
saponification value, as in Iigure 3. Digestibility varied direetly with
saponification value, or inversely, then, with the chain length of the fatty
acids. Digestibility varied in curvilinear fagshion with the caleulated
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Figure 1. Representative body weight data.
(41
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Figure 2. Relationship between melting point and digestibility of hydrogenated fats.

stearie acid content of the hydrogenated fats, the slope of the line changing
at about 5569 stearic acid. (See Figure 4). Extension of the curve to
100% stearic acid content resulted in a predieted value of about 11%
digestibility for tristearin which agrees well with the reported value of
10.6% (2). These various relationships suggest that the digestibility of
stearic acid is not a constant and that its digestibility is a function of the
other fatty acids contained in the glyceride structure. They also indicate
that the relationship of digestibility and of melting point is coincidental,
rather than causal, as melting point is determined by the component fatty
acids of the fat. Verification was obtained in the studies of modified lards.

Butyrated hydrogenated lard was 47.7% digestible and the mixture of
hydrogenated lard and tributyrin, 34.3% —a definite improvement over the
13.9% of the starting material. (See Table 5.) When digestibility of the
hydrogenated lard fractions was caleulated, assuming the butyryl groups
to be 100% absorbable, it became apparent that mixing with tributyrin
did not significantly improve absorption of the lard fatty acids—18.3%
as compared with 13.9¢% —whereas butyration was distinetly beneficial,
resulting in 3549 absorption. Comparable results were obtained by Mattil
and Higgins (11}, who concluded that the ‘‘solvent’” action of oleic acid
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Figure 3. Relationship between saponification value and digestibilty of hydrogenated
fats.

for stearic acid was markedly greater with mixed glyeerides than with
mixtures of triglycerides.

The monoglycerides of hydrogenated lard exhibited the same digesti-
bility, 33.9%, as the lard fraction of the butyrated produet. As shown in
Table 6, stearic acid was equally as well absorbed from glyceryl mono-
stearate, although its melting point was 7° C. higher than that of the lard
monoglycerides.

Experimental results indicate that there is a maximum absorption
value for stearic acid. This limit appears to be 30 to 40%.

“The digestibility of glyceride lard was 98.6% and that of its manmnitol
esters, 95.5%. (See Table 7). This difference is statistically, if not prae-
tically, significant. No difference was noted between hydrogenated lard
and the mannitol esters of hydrogenated lard, with digestibility values of

TABLE 5
Digestibility of butyrated lard
¢ Digestibility
Fat

Total I Lard fraction
Butyrated hydrogenateIard..... .o U 4772302 354% 48
Hydrogenated lard + tributyrin.. : 343 = 4.6 | 183 +341°
Hydrogenated lard.. ... s e 13.9 = 1.2 130+ 1.2 )

1 Stamdard error. i e
= Means within brackets de not differ at the 3¢ level of significance.
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Figure 4. Relationship between content of long-chain fatty acids and digestibility of
hydrogenated fats.

19.3% and 18.9%, respectively. The esters of mannitol are seemingly as
suseeptible to lipolysis as those of glycerol and their absorption a funetion
of the fatty acid composition as in the glvecerides. Mannitol esters of olive
oil, a by-product of glycerine production, were studied by Halliburten,
Drummeond, and Cannon (6) and found to be utilized to practically the
same extent as olive oil, 95.8% as opposed to 96.6%. The small reductions
in digestibility which have been noted may be due to poorer absorption of
the mannitol than of glyeerol.

SUMMARY AND CONCLUSIONS

Mature rats were fed a series of natural and modified fats in order to
determine the relationships among melting point, saturation, chain length,
strueture and digestibility. Twenty per cent fat was incorporated into a

TABLE &
Digestibility of monoglycerides
Fat o, Digestibility
Monoglyeerides of hydrogenated lard 330-+3.0%)°
Glyeery]l monestearate.. 31.8 39 |
Hydrogenated lard 15.9 +1.2

1 Standard error. .
2 Means within brackets do not differ at the 5c% levet of significance.
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TABLE 7
Digestibility of mannitel-lard esters
Fat % Digestibility
R 98.6 == 0.21°

Mannitol-lard esters AR 95,5 + 0.34
Hydrogenatod 1ard. s . 193+1201°
Mannitol-hydrogenated lard esters 18.0 = 2.04 |

: Standard error.
= Means within brackets do not differ at the 5% significance lovel.

purified diet fed for two weeks. Feces were collected during the last five
days for fat analysis.

Natural fats included in the study were: cottonseed, soybean, eorn,
coconut and pahn oils, lard and butterfat. Digestibility was not related
to the characteristics cited. When these same fats were fully hydrogenated,
digestibility varied inversely in linear fashion with the chain length of the
constituent fatty acids and in curvilinear fashion with the amount of satu-
rated acids Cis and above. The general jnverse linear relation between
digestibility and melting point s aseribed to the relationship which exists
between the melting point and the amounts of eomponent fatty acids.

The monoglyceride of hydrogenated lard was found to be more digesti-
ble than the original triglyeeride. Qubstitution of one-third of the fatty
acid radieals by butyryl groups was equally effective in raising digesti-
pility ; while simple mixture of tributyrin with hydrogenated lard showed
no effect.

Digestibility of mannitol esters of lards was similar to that of the
glyceride lards from which they were made, indicating that digestibility
was a funetion of the constituent fatty acids.

It is concluded that digestibility is primarily dependent upon the
amounts and chain length of the saturated fatty acids and their arrange-
ment within the glyeeride structure.
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