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ABSTRACT

Experiments were conducted to study the ketogenicity of various
fats for the chick. Initially experiments were conducted to compare the
ketogenicity of a saturated fat, coconut 0il, and an unsaturated fat, soy-
bean 0il. Subsequently the effect of a vitamin B12 deficiency on the
ketogenicity of beef tallow and safflower oil was studied.

Results of these experiments showed that substitution of the
polyunsaturated fats, safflower oil and soybean 0il, for the saturated
fats, beef tallow and coconut 0il, did not reduce levels of blood ketone
bodies nor increase levels of liver glycogen in chicks fed "carbohydrate-
free" diets. These results show that polyunsaturated fats are just as
ketogenic as saturated fats and do not indicate that propionyl CoA is
formed in the oxidation of polyunsaturated fatty acids. In subsequent
studies, the failure of a vitamin BlZ deficiency, produced by deleting
vitamin.B12 from a diet low in one carbon units, to increase the keto-
genicity of beef tallow and safflower oil also suggests that propionyl
CoA is not formed in the oxidation of polyunsaturated fatty acids.

The effects of supplementing chick diets with sodium propionate
were also studied. Results showed that the addition of sodium propionate
to "carbohydrate-free" diets in which non-protein energy was supplied by
either safflower oil or beef tallow did not affect level of blood lactic
acid bﬁt caused a reduction in levels of both blood ketone bodies and
liver glycogen which was most marked in the absence of supplementary

vitamin BlZ'

In the course of these experiments it was observed that chicks

fed "earbohydrate-free" diets containing coconut oil grew slightly but

iv



significantly slower and had higher levels éf liver glycogen than chicks
fed "carbohydratc-free" diets containing soybean oil, The growth depress-
ing property of coconut oil was accentuated when glycerol was deleted
from the diet by substituting coconut fatty acids for coconut oil and, in
contrast to soybeaﬁ fatty acids, the growth depressing property of coco-
nut fatty acids was not overcome by the addition of glucose. Studies
showed that the growth depressing property of coconut o0il and coconut
fatty acids was not due to reduced absorbatility since these lipids were
shown to be absorbed to 99 and 927, respectively. Whether lauric and
myristic acids contributed to the growth depression observed when chicks
were fed diets containing coconut o0il and coconut fatty acids is unkﬁown.'
Results of these studies do not support the hypothesis that
polyunsaturated fats are metabolized via propionyl CoA and negate the

possibility that the increased requirement for vitamin B,, observed when

12

chicks are fed high fat-"carbohydrate-free" diets is due to an increased
need for the cofactor for methylmalonyl CoA mutase. Thus the question

of why the chick's requirement for vitamin B,, is increased when fat is

12

substituted isocalorically for glucose remains unanswered.
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INTRODUCTION

Previous investigations have shown that the chick can sustain
normal growth on a high fat, "carbohydrate-free" diet if nutrient bal- ‘
ance is maintained (Renner, 1964; Renner and Elcombe, 1964, 1967;
Brambila and Hill, 1966, 1967; Scott et al,, 1969). Looi (1971), study-

ing the chick's requirement for vitamin B 90 observed that chicks fed a

1
high fat diet containing hydrogenated fat (Crisco) required three times
as much vitamin B12 in their diet to achieve maximum growth as that re-
quired by chicks fed a high carbohydrate diet. Only two functions of
vitamin Bl2 in animal metabolism have been well established. One of
these is the role of vitamin B12 in the biosynthesis of labile methyl
groups by which methionine is synthesized from homocysteine. Looi's
experiments showed that the increased requirement for vitamin B12 that
she observed was not a reflection of an increased need for methionine.
The other known function of vitamin B12 in animal tissues is
its role in the metabolism of propionate. The conversion of propionyl
CoA to succinyl CoA is a two-step process in which vitamin Bl2 is an
essential coenzyme. Sinclair (1964) proposed a pathway for unsaturated
fatty acid metabolism which involved propionyl CoA as an intermediate.
Whether production of propionyl CoA during oxidation of un-
saturated fatty acids contributes to the increased requirement for
vitamin BlZ observed by Looi (1971) when fat was substituted isocalorical-
ly for carbohydrate forms the basis of the following experiments. Ini-
tially experiments were conducted to compare the ketogenicity of satur-
ated and unsaturated fats for the chick. Suhsequently the effect of a

vitamin B12 deficiency on the ketogenicity of a saturated and an unsat-

urated fat was studied.



LITERATURE REVIEW

Recent studies (Looi, 1971) have shown that the requirement
of the chick for vitamin Blé was increased from 9 pg/kg of diet to
27 ug/kg of diet when hydrogenated fat (Crisco) was substituted iso-
calorically for glucose. In studies to determine why the chick's re-~
quirement for vitamin B12 was increased when non-protein energy was
supplied by fat, Looi (1971) showed that the increased requirement was
not due to an increased requirement for methionine. She also showed
that vitamin B12 was not involved in either fat digestion or fat ab-
sorption and her studies suggested that vitamin B12 was not involved in
the oxidation of acetate. Thus, the reason why the isocaloric substi-
tution of fat for carbohydrate increases the chick's requirement for
vitamin 312 remains to be elucidated.

Previous studies had implicated vitamin Bl2 in the metabolism
of fat. Thus, Moore and Doran (1962) showed that vitamin BlZ deficiency
interfered with the utilization of triglycerides in the liver of chick
embryos. Similarly, Williams et al. (1937) found that the utilization
of plasma triglycerides was impaired in patients suffering from perni-
cious anemia.

One ~f the known functions of vitamin B12 I~ animal tissues is
its role as coenzyme in the isomerization of methylmalonyl CoA to suc-
cinyl CoA (Lengyel et al., 1960). That the formation of methylmalonyl
CoA in catabolism increases the rat's requirement for vitamin B12 was
shown by Dryden and Hartman (1971) in studies to determine why vitamin

Bl2 requirement was increased 7.5-fold when dietary protein was in-

creased from 25 to 654. Results of their studies indicated that the



amino acids isoleucine, threonine and valine contributed to the growth
depression observed when rats were fed high casein, vitamin Blz-deficient
rations. Since methylmalonyl CoA is formed in the normal catabolism of
isoleucine, threonine and valine, these results suggest an explanation
for the increased vitamin Blz requirement of rats fed high protein diets.

Methylmalonyl CoA is also formed during the metabolism of
propionate (Flavin and Ochoa, 1957). Known sources of propionate in
animal metabolism are fatty acids containing an uneven number of carbon
atoms (Kaziro and Ochoa, 1964), the pyrimidine bases uracil and thymine
(Contreras and Giorgio, 1972), and, in the case of ruminants, hacterial
fermentation of carbohydrates in the digestive tract. Propionic acid
has also been found in the digestive tract of the fowl, mostly in the
ceca, as a product of microbial metabolism (Annison.gg_gl., 1968).
Sinclair (1964) has suggested that propionate may also be formed in the
oxidation of unsaturated fatty acids through the hydration of fatty
acyl CoAs containing B~y unmsaturated double bonds and their subsequent
thiolytic cleavage following dehydrogenation. He proposed that in the
oxidation of linolenmic acid, after the removal of three molecules of
acetyl CoA, the dodecatrienyl CoA formed is oxidized to yield four
molecules of propionyl CoA.

That the‘double bonds in unsaturated fatty acids may also
shift from the B-y to the a- position has now been shown. An enzyme
which catalyzes this reaction has been isolated from rat liver nito~

3,4

chondria and has been named A cis—A2’3—trans—enoyl CoA isomerase
(Stoffel et al., 1964). This enzyme together with 3-hydroxy fatty acyl

CoA epimerase (Stoffel et al., 1964; Stern et al., 1955) are required,



in addition to the enzymes normally needed for B~oxidation, to complete
the oxidation of polyunsaturated fatty acids. Thus unsaturated fatty
acids, like saturated fatty acids, may be oxidized to yield only

acetyl CoA.

Indirect evidence in support of Sinclair's hypothesis of an
alternate route of fatty acid oxidation has been furnished by Dupont
and Mathias (1969). They showed that, when rats fed diets containing
20% corn o0il with and without vitamin B12 were injected with U—14C~
linoleate intraperitoneally, 14C—methylmalonate was excreted in the
urine. Vitamin B12 nutriture did not affect the amount excreted in the
first 12 hours. During the second 12 hours and during the second day
excretion of 14C~methylmalonate vas higher in vitamin Blz—deficient
rats than in rats receiving supplemental vitamin B12' These results
suggest that one pathway of linoleate oxidation has methylmalonate ag
an intermediate. In addition, Dupont and Mathias (1969) also observed
that rats fed 20% corn oil grew more slowly on vitamin Blz—deficient
than on vitamin B12~supp1emented diets. Mo such effect was observed
in rats fed beef tallow. These results suggest that highly unsaturated
fat enhances a vitamin B12 deficiency.

Several studies have been reported showing that saturated fatg
are more ketogenic than unsaturated fats. These studies may be inter-
preted as indicating that unsaturated fatty acids have the potential to
supply oxaloacetate (Hahn et al., 1963). In this regard, Brahmankar
and Nath (1963) found that a greater accumulation of ketone bodies in
plasma, liver, kidney and heart muscle occﬁrred when rats were fed a

diet containing 35% saturated fat (butter fat, coconut 0il, or hydro-

genated fat) than when diets containing a similar level of unsaturated



fat (groundnut oil or sesame 0il) were fed. Similar results have been
reported by Tidwell et al., (1966). They found that rats fed lard had
approximately 407 higher levels of blood ketone bodies than rats fed
linsced oil. In addition they found that the livers of rats fed lin-
seed oil and safflower oil contained up to 2.5 times as much glycogen
as did the livers of rats fed diets containing lard.

More recently, Chung and Dupont (1968) fed high fat diets
containing beef tallow or corn- oil to female rats. They observed that
the concentration of acetoacetate in the plasma of corn oil-fed rats
was half that of the level in rats fed beef tallow. They concluded
that dietary lipid containing a high concentration of polyunsaturated
fatty acids was not ketogenic and that the kind of fat not the amount
appeared to affect ketogenicity.

Krebs (1970) disagrees with Sinclair's hypothesis. Krebs
(1970) studied the forﬁation of ketone bodies and glucose in isolated
perfused rat liver after the addition of fatty acids. The rate of
ketone body préduction from the fatty acids tested was approximately
equal and independent of chain length except for pentanoéte which pro-
duced ketone bodies at one~third the rate of other fatty acids. Glucose
was formed from all odd-numbered fatty acids tested. Arachidonate was
almost quantitatively converted to ketone bodies and yielded no glucose.
Krebs concluded that gluconeogenesis from polyunsaturated fatty acids
with an even number of carbon atoms does mot occur. Winkler (1970) also
reported no significant differences in the production of ketone bodies
during the oxidation of palmitate and linoleate by rat tissue slices and

mitochondria.



Some investigators (Tidwell et al., 1966 and Dupont and
Mathias, 1969) cite the finding of Bjorntorp (1968) that unsaturated
fatty acids are oxidized more rapidly than saturated fatty acids of the
same chain length as evidence in favor of an alternative route for the
oxidation of unsaturated fatty acids. Numerous studies have shown .that
unsaturated fatty acids are oxidized more rapidly than saturated fatty
acids. For example, Mead et al. (1956) reported that more oleate and
linoleate were collected as expired 14002 than stearate in 24 hours when
14C—labelled fatty acids were fed to mice. In addition, Goransson and
Olivecrona (1965) and Goransson (1965a,b,c) reported that in 320 hours
after an intravenous dose of 14C—labelled fatty acids to rats, labelled
oleic, palmitoleic and linoleic acids were oxidized more rapidly than
palmitic acid. Furthermore, Lynn and Brown (1959) reported that labelled
linoleate was oxidized more rapidly than labelled stearate when they were
fed to rats. Dupont (1966) reported similar results when linoleate and
stearate were injected into rats intraperitoneally. Whether the increased -
rate of oxidation of unsaturated fatty acids can be attributed to an al-
ternative oxidative pathway in which propionyl CoA is produced is unknown,

Since information on the ketogenicity of various fats for the
chick is lacking, the following studies were conducted to compare the
ketogenicity of saturated and unsaturated fats when chicks were fed high
fat, "carbohydrate-free" diets. Subsequently, studies were conducted to
determine the effect of a vitamin B12 deficiency on the ketogenicity of
fat. It was hoped that these studies would cast some light on why the

vitamin B12 requirement of chicks fed high fat diets is increased.



EXPERIMENT I

Recent studies (Brahmankar and Math, 1963; Tidwell et al,,
1966; Chung and Dupont, 1968) have shown that saturated fats are more
ketogenic than unsaturated fats when incorporated into the diets of
rats. In order to determine whether fats vary in their ketogenicity for
chicks the following study was conducted to compare the ketogenicity of
coconut oil and soybean o0il when these fats served as the sole source of
non-protein energy in "carbohydrate-free" diets. In addition, in order
to maximize differences, comparisons were made of the ketogenicity of
these fats when fed in the absence of glycerol as coconut fatty acids

and soybean fatty acids.

Materials and Methods

Diets in which non-protein energy was supplied by coconut oil,
coconut fatty acids, coconut fatty acids plus glucose, soybean oil, soy-
bean fatty acids and soybean fatty acids plus glucose were formulated
from.the high carbohydrate diet shown in Table 1. TFats and fatty acids
were substituted isocalorically for glucose assuming the metabolizable
energy content of glucose, coconut oil, coconut fatty acids, soybean oil
and soybean fatty acids to be 3.64, 9.21, 7.83, 9.21 and 7.83 kilocalo-
ries per gram, respectively. In the fatty acid diets supplemented with
glucose, 0,105 g glucose/g fatty acids were added (Renner and Elcombe,
1964); this is the amount of glucose required for the theoretical con-
version of soybean fatty acids to triglyceride.

The composition of the diets fed is shown in Table 2. All

diets were formulated to contain 14.2 kilocalories of metabolizable



Table 1

Composition of high carbohydrate diet

Ingredients A

Constants

Soybean proteinl 23.59
Methionine 0.81
Glycine 0.63
Soybean oil 2.00
Limestone 1.49
Dicalcium phosphate 1.70
Sodium chloride 0.60
Mineral mix2 1.243
Vitamin mix3 0.58
Antioxidant4 0.025
Chromic oxide 0.3

Source of non-protein energy
Glucose 67.03

1Promine, Central Soya, Chemurgy Division, Chicago 39, Illinois,

2Mineral mixture supplies in grams per kilogram of diet:
KH2P04, 9.30; MgSOA, 2,423 X1, 0.0029; Fe504-7H20, 0.278;
CuSO4'5H20, 0.0078; ZnCOB, 0.113; CoClZ'6H20, 0.0017;
N32M004-2H20, 0.0083; Na28e03, 0.00022; MnSO4°H20, 0.33.
3Vitamin mixture supplies in grams per kilogram of diet:
thiamine HC1, 0.0l; riboflavin, 0.0l; calcium pantothenate,
0.04; biotin, 0.0004; pyridoxine, 0.02; niacin, 0.08;
folacin, 0.003; menadione, 0.003; vitamin A, 10,000 I.U.:
vitamin D, 1,500 I.U.; vitamin E, 33.1 I.U.; choline

chloride, 3.0; vitamin B 0.00005.

12’
4 .
Ethoxyquin.
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energy per gram of protein. Cellulose was added to improve the texture
of the high fat diets in an amount to maintain their caloric density ap-
proximately equal to the high carbohydrate control diet. Vitamin Bl2
was incorporatéd in the high carbohydrate diet at a level of 50 Wg per
kilogram of feed. Because the "carbohydrate-free" diets do mot total to
100, their content of vitamin B12 and other dietary constituents will be
referred to as the level present in the carbohydrate-containing diets
from which they were derived.

Coconut fatty acids and soybean fatty acids were prepared by
alkaline hydrolysis of coconut oil and soybean oil., After acidification
the fatty acids were separated from the acid seat by decantation and
washed with water to remove acid and glycerol.

Fach diet was fed to duplicate groups of 10 male crossbred
(Dominant White x White Plymouth Rock) chicks from 8 to 29 days of age.
During the first 7 days of life the chicks were fed a semipurified
"carbohydrage-free” diet containing soybean oil. They were then assigned
to the experimental groups on the basis of body weight, equalizing both
mean body weight and weight distribution among the groups. The chicks
were housed in electrically heated, thermostatically controlled battery
brooders with raised wire-screen floors in a temperature-controlled lab-
oratory. Feed and water were supplied ad libitum. Data on growth and
feed consumption were obtained weekly.

During the fourth week of the experiment, excreta were collect-
ed from duplicate groups of chicks fed diets in which non-protein energy
was supplied by glucose, coconut oil and coconut fatty acids so that the

absorbability and metabolizable energy of coconut 0il and coconut fatty



1

acids could be determined. Chromic oxide was incorporated into all ra-
tions as an index substance in order to eliminate the need for quanti-
tative collection of excreta and quantitative measurement of feed intake.
The excreta were collected at 24-hour intervals for three consecutive
days and kept in the frozen state until processed. The methods for pro-
cessing excreta and determining moisture and chromic oxide were described
by Hill and Anderson (1958). Tecal fat was determined using the method
of Fowweather and Anderson (1946) as modified by Renner and Hill (1960).
Dietary fat was determined using diethyl ether and a Goldfisch apparatus.

At 29 days of age, blood samples were obtained from the jugular
vein of 5 chicks in each group using 3.75 mg sodium oxalate per ml of
blood to prevent coagulation and 0.5 mg sodium fluoride per ml of blood
to inhibit glycolysis. Protein-free blood filtrates were prepared using
barium hydroxide and zinc sulfate (Nelson, 1944; Somogyi, 1945). The
filtrates were frozen and stored at ~29°C until analyzed. Blood glucose
levels were determined using the method of Folin and Malmros (1929).
Blood ketone bodies were determined using a modification of the method
of Bakker and White (1957). This modification consisted of heating the
tubes in a glycerol bath at 110-120°C for 15 minutes and then heating in
an autoclave at 15 lbs pressure (121°C) for 30 minutes after the addition
of potassium dichromate.

Liver samples were taken from the remaining 5 chicks in each
group immediately after killing with sodium pentobarbital. These samples
were frozen immediately using dry ice, wrapped in aluminum foil, and
stored in plastic bags at -29°C until analyzed. Liver glycogen was pre-

cipitated using the method of Good et al. (1933). The precipitate was
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washed with 657 ethanol as suggested by Fong et al. (1953). The glycogen
was then dissolved in water and estimated using the method of Seifter

et al. (1950).

Results and Discussion

Summarized in Table 3 are data showing the average weight gains
of chicks fed diets in which non-protein energy was supplied by glucose,
soybean oil, coconut oil and their respective fatty acids with and with-
out added glucose. Analysis of variance and application of Duncan's
multiple range test (Steel and Torrie, 1960) to the growth data showed
that chicks fed diets in which non-protein energy was supplied by soyhean
0il or coconut oil grew at the same rate and at a rate equal to that of
chicks fed diets in which non-protein energy was supplied by glucose.
Deletion of glycerol from the diet by substituting soybean fatty acids
for soybean oil depressed growth, significantly (P < 0.05). The substi-
tution of coconut fatty acids for coconut oil also depressed growth but
to a much greater extent than did soybean fatty acids. The addition of
glucose in an amount required for theoretical conversion of fatty acids
to triglycerides (0.105 g/g fatty acids) alleviated the growth depression
in chicks fed soybean fatty acids but only partially alleviated the de-
pression in growth of chicks fed coconut fatty acids.

That the isocaloric substitution of soybean fatty acids for
soybean oil depresses growth is now well established (Renner and Elcombe,
1964; Brambila and Hill, 1967). The effectiveness of glucose in over-
coming the growth depression of chicks fed soybean fatty acids has also
been demonstrated (Renner and Elcombe, 1964; Brambila and 11111, 1967).

Thus the failure of glucose (0.105 g/g fatty acids) to overcome the
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Table 3

Growth and caloric efficiency of chicks
fed carbohydrate-containing and
“carbohydrate-free” diets

Average weight Kcal consumed/
gain g gainl
Treatment g

Glucose 4812’a 5.28b
Soybean oil 5022 5.09b
s.7.4.0 37° 5. 56"
S.F.A. + 0.105 g glucose/g S.F.A. 480° 5,04
Coconut oil 4782 4.98b
c.rat 1974 6.89°
b b

C.F.A. + 0.105 g glucose/g C.T.A. 366 5.32

lCalculated from calculated metabolizable energy values for the
diets.

2Values are averages of duplicate groups each containing 10 chicks.
Values without a common letter in their superscriptsare significantly
different (P < 0.05).

3Soybean fatty acids.,

4Coconut fatty acids.
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growth depression in chicks fed coconut fatty acids was unexpected. One
possible explanation is that the glucose requirement of chicks fed coco-
nut fatty acids is greater than that of chicks fed soybean fatty acids.
On the other hand, studies have shown that lauric and myristic acids,
when fed singly at a level of 20% in the diet, depress chick growth
(Renner and Hill, 1961). Calculations indicate that the coconut fatty
acid diet contained 14% lauric acid and 6% myristic acid. Thus, the
failure of glucose to overcome the growth depression when coconut fatty
acids were fed may be due to the growth depressing properties of lauric
and myristic acids in unesterified form. Since coconut 0il and coconut
fatty acids were found to be absorbed to 99 and 927, respectively, in
this experiment, the depressed growth of chicks fed coconut fatty acids
cannot be attributed to low fat absorbability.

Results showing that chicks fed diets containing coconut oil
grew at the same rate as chicks fed soybean o0il are in contrast to results
reported by Menge (1971). lle observed that chicks fed a diet containing
12% céconut 0il grew less than chicks fed diets containing 77 coconut oil
or 0.15, 0.27, 2 or 4% safflower oil.

Data on caloric efficiencies sumarized in Table 3 show that
replacing glucose fsocalorically by soybean oil, coconut oil, soybean
fatty acids or soybean fatty acids plus glucose did not affect caloric
efficiency, significantly (P > 0.05). In contrast, chicks fed diets con-
taining coconut fatty acids utilized energy less efficiently than chicks
fed the glucose diet; however, caloric efficiency was restored hy the
addition of 0.105 g glucose/g coconut fatty acids.

Other evidence that fatty acids in coconut o0il may be utilized
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differently than fatty acids in other vegetable oils is provided in the
studies of Carew et al. (1964). They observed that chicks fed diets con-
taining 20% coconut oil did not increase growth rate, energy intake,
tissue fat gain or total energy gain above that‘obtained with chicks fed
a basal, low fat diet. In contrast, Carew et al. (1964) found that chicks
fed diets containing corn oil, beef tallow, soybean oil, or a lightly
hydrogenated olive oil deposited more energy than chicks fed the low fat
basal diet.

Summarized in Table &4 are data showing the metabolic effects of
feeding chicks diets in which non-protein energy was supplied by glucose,
soybean 0il, coconut oil and their respective fatty acids with and with-
out added glucose. Analysis of variance and application of Duncan's
multiple range test (Steel and Torrie, 1960) to the data on blood glucose
showed that the substitution of soybean oil or coconut oil for the glu-
cose in a high carbohydrate diet had no effect on level of blood glucose
(P > 0.05). Deletion of glycerol from the diet by substituting soybean
fatty acids or cocﬁnut fatty acids for their respective oils caused a
significant reduction in level of blood glucose (P < 0.05). The addition
of glucose to the fatty acids diets did not increase level of blood glu-
cose, significantly (P > 0.05).

Previous studies with chicks have shown that normal blood glu-
cose levels are maintained when chicks are fed 'carbohydrate-free" diets
containing neutral fat (Remner and Elcombe, 1967; Brambila and Hill, 1967).
Variable effects on level of blood glucose have heen observed when glyc-
erol is deleted from the diet by substituting soybean fatty acids for

soybean 0il. Renner and Elcombe (1967) found levels of blood glucose to
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be maintained while Brambila and Hill (1967) and Allred (1969) found

blood glucose levels to be decreased. My results in this experiment

using soybean fatty acids and coconut fatty acids as sources of non-protein
energy support the findings of Brambila and Hill (1967) and Allred (1969)
in that levels of blood glucose were decreased when non-protein energy

was supplied by fatty acids.

Analysis of variance and application of Duncan's multiple range
test (Steel and Torrie, 1960) to the data on blood ketone bodies showed
that the substitution of soybean oil or coconut oil for the glucose in
a high carbohydrate diet did not increase levels of blood ketone bodies,
significantly (P > 0.05). The data also show that soybean oil and coco-
nut oil, when serving as the sole source of non-protein energy in the
diet of chicks, did not differ in ketogenicity. Deletion of glycerol
from the diet by substituting soybean fatty acids and coconut fatty acids
for soybean oil and coconut oil, respectively, caused a marked but simi-
lar increase (P < 0.05) in level of blood ketone bodies which was alle-
viated in both cases by the addition of 0.105 g glucose/g fatty acids.

These results agree with those reported previously from this
laboratory (Renner and Elcombe, 1967); however, the finding that the
isocaloric substitution of soybean oil for glucose did not increase
blood ketones is in contrast to the results of Brambila and Hill (1966,
1967) and Allred (1969).

My results indicating that degree of saturation of dietary fat
does not affect level of blood ketone bodies in chicks is in contrast to
resﬁlts reported for the rat (Drahmankar and Nath, 1963; Tidwell et al.

1966; and Chung and Nupont, 1968). These investigators showed that rats
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fed such saturated fats as coconut oil, lard, beef tallow or butter fat
had higher levels of blood ketones than rats fed such unsaturated fats
as safflover oil, linseed o0il, sesame oil or groundnut oil. Sinclair
(1964) suggested, and Dupont and Mathias (1969) have provided evidence
in the rat, that unsaturated fats are metabolized via propionyl CoA and
are, therefore, more glucogenic and less ketogenic than saturated fats.
The results reported in this experiment do not indicate the existence of
such a pathway in the chick. Krebs (1970), using perfused rat livers,
concludéd that polyunsaturated fatty acids with an even number of carbon
atoms were not glucogenic.

Analysis of variance and application of Nuncan's multiple range
test (Steel and Torrie, 1960) to the data on liver glycogen (Table 4)
showed that the substitution of soybean o0il or coconut oil for glucose in
a high carbohydrate diet significantly decreased the concentration of
liver glycogen (P < 0.05). Deletion of glycerol from the diet by sub-
stituting soybean fatty acids and coconut fatty acids for soybean oil and
coconut o0il, respectively, caused a further reduction in level of liver
glycogen (P < 0.05). The addition of glucose (0.105 g/g fatty aéids) to
the fatty acid diets increased level of liver glycogen (P < 0.05) per-
nitting glycogen stores not significantly different from those present
iﬁ the livers of chicks fed the respective oil.

The depression in liver glycogen observed when calories from
fat were substituted for calories from carbohydrate agrees with the find-
ings of Renner and Elcombe (1967) in the chick and Zaragoza and Felber
(1970) in the rat. The finding that in this experiment chicks fed coco-

nut oil deposited amounts of glycogen in their livers similar to chicks
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fed soybean oil is in contrast to results reported by Tidwell et al.
(1966). They observed that rats fed the polyunsaturated fats, safflower
0il and linseed o0il, deposited more glycogen than rats fed the more
saturated fat, lard; however, they also found that rats fed coconut oil,
which is more saturated than lard, deposited approximately twice as much
glycogen as rats fed safflower oil or linseed oil. They suggested that
this unexpectedly high value for coconut oil might be explained as the
result of carbohydrate sparing during the more rapid oxidation of the
short chain fatty acids (Carroll, 1964). Kowale et al. (1966) also have
reported that glycogen levels are higher in the livers of vabbits fed
butterfat, coconut oil, sesame oil and groundnut oil than those fed a

normal carbohydrate diet.
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EXPERIMENT II

This experiment was conducted to confirm that coconut 0il and
soybean oil do not differ in ketogenicity for the chick and to determine
whether the growth depressing effects of coconut fatty acids could be
overcome by the addition of a higher level of glucose (0.210 g glucose/g

fatty acids).

Materials and Methods

Diets in which non-protein energy was supplied by coconut oil,
coconut fatty acids, coconut fatty acids plus glucose, soybean oil, soy-
bean fatty acids and soybean fatty acids plus glucose were formulated
from the high carbohydrate diet showr in Table 1. Fats and fatty acids
were substituted isocalorically for glucose assuming the metabolizable
energy content of glucose, coconut oil, coconut fatty acids, soybean oil
and soybean fatty acids to be 3.64, 9.09, 8.42, 9.21 and 7.83 kilocalories
per gram, respectively. Metabolizable energy values for coconut oil and
coconut fatty acids were calculated using the determined absorbability
values of 99 and 927, respectively (Experiment I) and assuming coconut
0il to have a gross emergy of 9.2 kilocalories per gram. Addition of
glucose to the fatty acid diets was in an amount to provide 0.105 g glu-
cose/g fatty acids in the case of soybean fatty acids and 0.105 and 0.210 g
glucose/g fatty acids in the case of coconut fatty acids. Ntherwise the
diets are as described in Experiment I.

Chicks were fed a "carbohydrate-free" diet containing soybean
0il for one week and then allotted to the experimental groups on the

basis of body weight. Each diet was fed to duplicate groups of 10 male
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crossbred (Dominant White x White Plymouth Rock) chicks from 8 to 29 days
of age. Feed and water were supplied ad libitum. Growth and feed con-
sumption were determined weekly. The methods of housing and collection
of blood and liver samples were as described in Experiment I. Determina-
tions of blood glucose, blood ketone bodies and liver glycogen were per-

formed as described previously.

Results and Discussion

Data on weight gain and caloric efficiency (Table 5) show that,
as in Experiment I, chicks fed coconut 0il grew at the same 1ate as
chicks fed soybean oil and utilized their feed just as efficiently. As
in the preceding experiment, coconut fatty acids were more growth depress-
ing than soybean fatty acids when serving as the sole source of dietary
non-protein energy. However, in contrast to Fxperiment I, chicks utilized
the coconut fatty acid diet just as efficiently as the soybean fatty acid
diet. Results of this experiment show that the addition of 0.210 g glu-
cose/g fatty acids was no more effective than the addition of 0.105 g
glucose/g fatty acids in alleviating the growth depressing effects of
coconut fatty acids. These results show that the carbohydrate require-
ment of chicks fed coconut fatty acids is no greater than 0.105 g glucose/g
fatty acids when growth is used as the criterion. Vhether the glucose
requirement is greater than 0.042 to 0.054 g glucose/g fatty acids, that
is, the glucose requirement of chicks fed soybean fatty acids (Lodhi et al.,
1969) is unknown. The failure of glucose to overcome the growth depress-
ing property of coconut fatty acids may be due to the fatty acid composi-
tion of the mixture derived from coconut 0il. Previous studies (Renner

and Hill, 1961) have shown that the incorporation of 20 parts lauric or
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Table 5

Growth and caloric efficiency of chicks
fed carbohydrate-containing and
"carbohydrate-free" diets

Average weight

gain Keal consumed/
Treatment g g gain
2,a c
Glucose 460 5.02
Soybean oil 487° 4.88°
S.F.AL 279° 5,623
S.F.A. + 0.105 g glucose/g S.F.A. 435° 4.94°
Coconut oil 435° 4.94°
.t 206° 5.98°
C.T.A. + 0.105 g glucose/g C.F.A. 208 5.3270¢
C.F.A. + 0.210 g glucose/g C.F.A. 309° 5.10°

1Calculated from calculated metabolizable energy values for the diets.
2Values are averages of duplicate groups each containing 10 chicks.
Values without a common letter in their superscripts are significantly
different (P < 0.05).

3Soybean fatty acids.

4Coconut fatty acids.
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myristic acid in a semi~purified chick diet caused a significant depres-
sion in rate of growth,

Statistical analysis of the combined data on weight gains and
caloric efficiencies from Experiments I and II supported the findings
observed in individual experiments with one exception. The data in
Table 6 show that chicks fed coconut oil grew at a significantly slower
rate than chicks fed soybean oil (P < 0.05). This trend was noted in
both experiments but the difference was not large enough to be significant
until the data were combined. Thus, if results of both experiments are
considered, my results are in agreement with the studies of Menge (1971)
which showed that chicks fed diets containing 12% coconut o0il grew sig-
nificantly slower than chicks fed 7% coconut oil or 0.15, 0.27, 2 or 4%
safflower oil. In addition, it should be noted that results summarized
in Table 6 indicate that the diet containing coconut fatty acids was
utilized less efficiently than diets containing soybean fatty acids. This
was observed in Experiment I but in Experiment II the differences were not
large enough to be significant,

Summarized in Table 7 are data showing the metabolic effects of
feeding chicks diets in which non-protein energy was supplied by glucose,
soybean o0il, coconut oil and their respective fatty acids with and with-
out added glucose. Analysis of variance and application of Duncan's multi-
ple range test (Steel and Torrie, 1960) to the data on blood glucose
(Table 7) showed that source of non-protein calories did not affect blood
glucose levels. These results indicated that the chick maintained level
of blood glucose in the absence of dietary carbohydrate and glycerol and

agrees with the results of Remner and Flcombe (1967). This is in contrast
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Table 6

Growth and caloric efficiency of chicks
fed carbohydrate-containing and
"carbohydrate-free diets

Average weight

Experiment gain Kcal consumed/
Treatment Number g g gain
Glucose I 481% 5. 28%
II 460 ézg?’b 5.02 _;léF’d
Soybean oil I 502 5.09
11 487 4,88
; 495° 4.9¢°
S.T.A, 1 327 5.56
11 279 5.62 b
S.F.A. + 0.105 g I 480 5.04
glucose/g S.F.A. 11 435 b 4,94 d
458" 4.99
Coconut o0il I 478 4,98
11 435 b 4,94 d
. 456 4.96
C.F.A, I 197 6.89
1T 206 d 5.98 a
202 6.4
C.F.A, + 0.105 g I 366 5.32
glucose/g C.F.A. 11 298 5.32 b
332° 5.327°¢

1 .
Calculated from calculated metabolizable energy values for the diets.
2 .. .

Values are averages of duplicate groups each containing 10 chicks.
Values without a common letter in their superscripts are significantly
different (P < 0.05). Underlined values are averages of duplicate
experiments.

3Soybean fatty acids.

4Coconut fatty acids.
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to the results of Experiment I which showed that deleting glycerol from
the diet caused hypoglycemia in the chick. The reason for this discrep-
ancy between the results of Ixperiments I and II is unknown. The data

do show that fatty acid composition of the fat does not affect level of
blood glucose. Analysis of variance (Steel and Torrie, 1969) of the com-
bined results of Experiments I and II (Table 8) support this conclusion.

Similar statistical treatment of the data om level of blood
ketone bodies (Table 7) showed that the substitution of soybean oil or
coconut oil for the glucose in a high carbohydrate diet increased levels
of blood ketones, significantly (P < 0.05). As in Fxperiment I, deletion
of glycerol from the diet by substituting coconut fatty acids and soybean
fatty acids for coconut o0il and soybean oil, respectively, caused a fur-
ther significant increase in level of blood ketone bodies (P < 0.05)
which was alleviated by the addition of glucose. When 0,210 g glucose/g
fatty acids were added to the coconut fatty acid diet, levels of blood
ketones were reduced still further and were not significantlv higher than
those of chicks fed the high carbohydrate diet (P > 0.05). These results
indicate that neither of these two oils mor their fatty acids differ in
their ketogenicity for the chick. Analysis of the combined results of
both experiments support this conclusion (Table 8).

Analysis of variance and application of Duncan's multiple range
test (Steel and Torrie, 1960) to the data on liver glycogen showed that,
as in Ixperiment I, the substitution of coconut oil and soybean oil for
the glucose in a high carbohydrate diet caused a significant reduction
in concentration of liver glycogen (P < 0.05). Deletion of glycerol from

the diet by substituting soybean fatty acids for soybean oil did not
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cause any further reduction in level of liver glycogen (P > 0.05); how-
ever, as in Experiment I, substitution of coconut fatty acids for coconut
0il caused a further reduction in the level of liver glycogen (P < 0.05).
Supplementation of the fatty acid diets with 0.105 g glucose/g fatty acids
resulted in liver glycogen levels not significantly different from those
observed in the livers of chicks fed diets containing coconut oil or soy-
bean o0il; the addition of 0.210 g glucose/g fatty acids to the coconut
fatty acid diet did not cause any further increase in level of liver
g]ycogeﬁ. |

Comparison of levels of liver glycogen in chicks fed "carbo-
hydrate-free" diets indicated a trend towards higher levels of liver
glycogen when non-protein energy was supplied by coconut oil than when
non-~protein energy was supplied by soybean oil but the difference was not
great enough to be significant in either this or the preceding experiment.
Analysis of the combined results of both experiments (Table 8) indicated
that levels of liver glycogen were significantly higher (P < 0.05) for
chicks fed diets in which non-protein energy was supplied by coconut oil
than vhen non-protein energy was supplied by soybean oil. Previously
Tidvell et al. (1966) observed that levels of liver glycogen were higher
in rats fed coconut oil than in rats fed safflower oil, linseed oil or
lard. They suggest that this unexpectedly high value for coconut oil
might be explained as the result of carbohydrate sparing during the more
rapid oxidation of short chain fatty acids.

Results of these experiments (ExperimentsI and II) show that
coconut oil and soybean oil do not differ in ketogenicityv for the chick.

However, conclusions as to whether more carbohydrate precursors are
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produced in the oxidation of a polyunsaturated fat than in the oxidation
of a saturated fat are not justified because (1) the medium chain trigly-
cerides in coconut oil have been shown to resemble carbohydrates in some
respects in bogh rats and humans (Senior, 1968) and in these experiments
chicks fed coconut o0il deposited more glycogen than chicks fed diets con-
taining soybean oil, and (2) the mixture of fatty acids in coconut oil has
been shown in the present study to contain a growth deoressing factor
(factors) when fed in unesterified form which is (are) not reséonsive to
glucose. Thus the choice of coconut oil as the saturated fat in these
experiments was unfortunate,

Vhether differences in ketogenicity exist between saturated
fats containing a preponderance of long chain saturated fatty acids and
unsaturated fats containing a preponderance of polyunsaturated fatty acids

when fed to chicks forms the basis of the following experiment.
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EXPERIMENT III

This experiment was conducted to compare the ketogenicity of a
saturated fat (beef tallow) and an unsaturated fat (safflower oil) when
fed to chicks as the sole source of non-protein energy in diets with and

without supplementary vitamin B It was proposed that since vitamin

12°
B12 is involved in the conversion of propionyl CoA to succinyl CoA, a
vitamin Bl2 deficiency might decrease glucogenicity and thus increase
ketoggnicity of polyunsaturated fats if significant amounts of propionyl
CoA are formed in the oxidation of polyunsaturated fatty acids. Sodium
propionate was incorporated into half of the diets to accentuate the
vitanin B12 deficiency since the chicks were from non-depleted hens., That
the addition of sodium propionate to the diets of rats and chicks increases

the requirement for vitamin B12 has been shown by Dryden and Hartman (1971)

and Venkataraman et al. (1967), respectively.

Materials and Methods

A factorial design was used involving three sources of non-
protein energy, two levels of vitamin B12 and two levels of sodium propi-
onate., Glucose, beef tallow and safflower oil served as sources of non-
protein energy. Safflower oil was chosen as the unsaturated fat since it
is a rich source of polyunsaturated fatty acids, while beef tallow was
chosen as the saturated fat since it is fairly well absorbed and contains
only small amounts of short and medium chain fatty acids.

The composition of the high carbohydrate diet used in this
experiment is shown in Table 9. The diet was formulated to contain 14.5

kilocalories of metabolizable energy per gram of protein and to be low in
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Table 9

Composition of high carbohydrate diet

Ingredients %
Constants
Soybean proteinl 23.59
Glycine ‘ 0.63
Methionine . 0.10
Cystine . 0.25
Soybean o0il 2.00
Limestone 0.98
Dicalcium phosphate 1,70
Mineral mix2 1.253
Vitamin mix3 0.58
Antioxidanth 0.025
Chromic oxide 0.3
Calcium chloride (Caclz-ZHZO) 0.75
Source of non-protein energy
Glucosg 66.09
Sodium bicarbonate 1.75

lPromine, Central Soya, Chemurgy Division, Chicago 39, Illinois.

2As in Ixperiment I except that content of FeS0j-7H was increased
from 0.278 to 0.400 g/kg diet to meet the 1971 poultry require-
ments published by the Subcommittee on Poultry Nutrition of the
Mational Research Council.

3, . . s
As in Experiment I except that vitamin 312 was deleted from the
vitamin mix.

4Ethoxyquin.



32

methionine, containing only 0.1% supplemental methionine. Diets contain-
ing supplementary vitamin B12 and/or sodium propionate were formulated by
the addition of 100 pg vitamin Blzlkg of diet and 27 sodium propionate,
respectively. .Sodium propionate was added at the expense of glucose.

The sodium content of the diets was maintained constant by deleting the
appropriate amount of sodium bicarbonate.

"Carbohydrate-free" diets in which non~protein energy was sup-
plied by safflover o0il and beef tallow (Table 10) were formulaLed from
the respective high carbohydrate control diet by substituting beef tallow
and safflower o0il isocalorically for glucose using the values 3.64, 6.78
and 9.21 kilocalories metaholizable energy per gram for glucose, beef
tallow and safflover oil, respectively. The caloric density of the
"carbohydrate-free" diet was maintained approximately equal to the high
carbohydrate diet by the addition of cellulese.

Egch diet was fed to duplicate groups of 10 male crosshred
(Dominant Vhite x White Plymouth Rock) chicks from 8 to 29 days of age.
During the initial one-week feeding period, chicks were fed a "carbohy-
drate-free’diet containing soybean o0il, 0.1% methionine and no added
vitanin BlZ' The mefhod of allotment, feeding and housing were described
previously in Experiment I. At 29 days of age blood samples were taken
from 5 chicks per group. The remaining chicks in each group were killed
with sodium pentobarbital and their livers excised as in Experiments I
and II. The preparation of blood filtrates and the analytical methods
for determining metabolites have been described previously (Experiment I).
In addition blood lactic acid was determined using the method of Barker

and Summersen (1941). Blood was analyzed for lactic acid in order to
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-deficient

determine whether vitamin Blz-deficient chicks like vitamin Bl2

rats responded to sodium propionate by increasing levels of lactic acid

in the blood (Williams et al., 1971).

Results and Discussion

Data showing average weight gains and caloric efficiencies of
chicks fe& carbohydrate-containing and "carbohydrate-free" diets with and
without supplementary vitamin Blzand containing two levels of sodium
propionate are summ;rized in Table 11. Analysis of variance of the fac~
torial arrangement of treatments (Steel and Torrie, 1960) showed that
chicks grew at the same rate irrespective of whether non-protein calories
were supplied by glucose, safflowver oil, or beef tallow (® > 0.05). Sup-
plementation of diets containing 0.1% added methionine with vitamin B12
did not increase rate of growth, irrespective of source of non-protein
energy (P > 0.05). Thus, it can be concluded that in this experiment a
vitamin B., deficiency was not produced by curtailing intake of vitamin

12

B ‘These results are in contrast to those reported by Looi (1971) who

12°
observed that supplementation of a similar diet containing 0.1% methionine
with vitamin 312 increased the growth of chicks fed diets in which non-
protein energy was suoplied by glucose or hydrogenated fat (Crisco).
Results show that a vitamin B12 deficiency was produced by the addition

of 2% sodium propionate to diets in which non-protein energy was provided
by safflover oil, beef tallow or glucose. The growth depression was
overcome by the addition of vitamin Bl2 (100 ng/kg) irrespective of source
of non-protein energy. Previously, Venkataraman et al. (1967) and Dryden

and Hartman (1971) showed that the growth depressing properties of sodium

propionate for rats and chicks, respectively, were overcome by the addition



35
Tablie 11

Growth and caloric efficiency of chicks fed
carbohydrate-containing and "carbohydrate-
free" diets containing two levels of dietary
vitamin BlZ and two levels of Na propionate

Average weight

gain Kcal consumed/

Treatment g g gain
Satflover oil + B, 378H%P 5.70%45
Safflower oil + B12 + Na propionate 424a 5.59¢
Safflower oil - B12 364a’b 5.98b’c’d
Safflower oil - Bl2 + Na propinnate 258°¢ 6.81%
Beef tallow + B, 370%° 5,844
Beef tallow + B12 + Na propionate 340b 5.84C’d’e
Beef tallow - B12 358b 5.83c’d’e
Beef tallow - B12 + Na propionate 226° 6.92%
Glucose + By 395%>P 5.92c’d
Glucose + B12 + Na propionate 344b 6.03b’c
Glucose - B, 346° 6.24°
Glucose ~ B12 + Na propionate 265° 6.74°

lCalculated from calculated metabolizable energy values for the diets.

2Values are averages for duplicate groups each containing 10 chicks.
Values without a common letter in their superscripts are significantly
different (P < 0.05).
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of vitamin BlZ' The data also show that the vitamin B12 deficiency
produced by the addition of sodium propionate to diets containing no
added vitamin B12 reduced caloric efficiency of chicks fed diets in which
non-protein energy was supplied by safflower oil, beef tallow and
glucose.

Summarized in Table 12 are data showing levels of blood glucose,
blood ketone bodies, blood lactic acid and liver glycogen. Analysis of
variance of the factorial arrangement of treatments (Steel and Torrie,
1960) of the data on blood glucose showed that neither source of energy,
level of vitamin B12 nor level of sodium propionate affected level of
blood glucose, significantly (P > 0.05). These results indicate that
blood glucose levels were maintained in chicks made vitamin B12 deficient
by the addition of sodium propionate, The finding that level of blood
glucose in chicks fed "carbohydrate-free" diets is not affected by the
fatty acid composition of the fat is in agreement with the results ob-
tained in Experiments I and II. . ‘

Similar statistical treatment of the data on blood ketones
shoved that the fatty acid composition of the fat affected level of
blood Letone bodies with safflower oil producing significantly higher
levels of ketone bodies than beof tallow (P < 0.05)., These results are
in contrast to the results of Experiments I and II which showed no signi-
ficant difference in level of blood ketone bodies when non-protein energy
was supplied by coconut oil and soybean oil. These results are also in
contrast to results reported for the rat (Brahmankar and Nath, 1963;

Tidwell et al., 1966; Chung and Dupont, 1968) which showed that saturated

fats were more ketogenic than unsaturated fats. Recently, it has been



37

UT 1931397 UOUWOD B INOYITA SSNTBA

“(S0°0 > g) 3usa933yTp AT3uedTITUSTS @ae sidraoszadns atayl

*2Uu0322k SB SODTPOg QUO33Y TelO0L

*SYYOTYD ¢ Surureluod yoes sdnoild o3eoITdnp jo soSeaoar oae sanTep

4

T
0cqeed9°T qea? 62 .80 qe=l0T s3euordoad ey + ¢lg - =soonyy
qe69°€ £0°0€ 52T qe=66T ¢Tg - osoontp
20T % h~.mo.wN @.vw.ﬂ thm.OCN @3euordoad eyl + Nﬂm + ®@sooniH
26%° Y 29°0F T 2802 ¢Ig + ssoonto
S0T°0 qee8 T2 ocpl'€ 428t s3euordoad ek + Slg ~ morrea geog
SIS°0 q¢e8° 72 qt ¢ qeel6T ¢lg ~ norres zeou
J65°0 qI76T 0eql9 qeol8T s3euordoad ey + Tg 4 morTEl JFoog
5:q9870 q<ef 82 q7°8 q¢2902 ¢Tg 4+ morTEa 3304
55T 0 q<e8°0¢ peol’y q<eS0T @aeuordoad ey + STg - TT0 39MOTIIES
SIS|0 qee? 82 e9°TT qee86T “Tg - rT0 awmorzzes
5¢q8L70 qee8ST Q9L qeeS8T s3vuordoad B + Slg + TTOo IemOTzzES
525570 gegC 0E eeg?7CT qeeez96T ¢T3 4+ TTo zemOTIIES
%3 %3 oSu %3w JuswleaIlL
Jua3uodD pPIOo® soTpoq 3soony8 pooTyg

us8004AT8 x°ATT

2T3I0BT pooTd

wﬁwumx pooTg

39TY> @y3 o3 o3euordoad e}, JO SToadT om3 pue Clg UTWe3lTA
‘s3je3y snotaea SUTUTIBRIUOD S3ISTP Burpesz JoO S3ID9II®2 OTITOqERISN

Jo sSToA3T om3

¢T 2T149BL



38

observed in this laboratory (Rennmer, unpublished data) that sunflower oil
decreases lipogenesis., If safflower oil also reduces lipogenesis then
increased levels of ketone bodies might be expected.

The data also show that the addition of sodium propionate to
"carbohydrate-free" diets caused a significant reduction in level of
blood ketone bodies with the reduction being more marked in chicks receiv-
ing diets containing no added vitamin B12 than in those receiving sup~

piementary vitamin B The finding that vitamin B12 deficiency, induced

12
by feeding sodium propionate, decreased rather than increased the keto-
genicity of fats suggests that the function of vitamin B12 as a cofactor
for methylmalonyl CoA mutase takes precedent over its methionine sparing
action (Briggs et al., 1950; Patrick, 1950: Fox et al., 1957) and/or its
involvement in protein synthesis (Chang and Kaiser, 1972), thus causing
more dietary protein to be utilized for energy which is reflected in
decreasea growth and reduced caloric efficiency. Recently, Williams et al.
(1971) have also observed that after injection of sodium propionate total
ketoné bodies were reduced in vitamin Blz—deficient rats that had been
starved for 48 hours. In contrast to the reduction in ketone bodies ob-
served in chicks fed diets adequate in vitamin B12 in this experiment,
Williams et al. (1971) found that blood ketones in normal starved rats
were not altered significantly after injection of sodium propionate.
Analysis of variance of the factorial arrangement of treatments
(Steel and Torrie, 1960) of the data on blood lactic acid showed that
neither source of non-protein energy nor level of vitamin B12 had an
effect on levels of blood lactate; however, results showed that supple-

mentation with sodium propionate caused a significant reduction in levels

of blood lactate (P < 0.05). This finding is reflected in the significantly
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lover level of liver glycogen (P < 0.05) in chicks fed diets supplemented
with sodium propionate,

In agreement with results of this experiment, Williamg et al.,
(1971) did observe a slight decrease in level of blood lactate in normal
rats after administration of propionate, However, they found a twofold
increase of lactate in blood of vitamin Blz-deficient rats rather than a
decrease as observed in the present study with chicks,

Analysis of variance of the factorial arrangement of'treatments
(Steel and Torrie, 1960) of the data on liver glycogen showed that, as
in Experiments I and IT, the isocaloric substitution of fat for glucose
significantly decreased level of liver glycogen (P < 0.05). Since levels
of liver glycogen were similar in chicks fed "carbohydrate~free" diets
containing safflower o0il and tallow, it would appear that the fatty acid
composition of these fats did not affect liver glycogen. These results
are in contrast to the finding of Tidwell et al. (1966) which showed that
levels of li;er glycogen in rats fed safflover oil and linseed oil were
higher than when lard was fed.

Analysis of variance of the factorial arrangement of treatments
also shoved that supplementation with sodium propionate significantly
decreased level of liver glycogen (P < 0,05) while supplementation with
vitamin Bl2 significantly increased level of liver glycogen (P < 0.01),
Average values for glycogen in the liver of chicks fed.diets with and
without sodium propionate were 1,39 and 1.77 g%, respectively, while
average values for chicks fed diets with and without vitamin B12 vere
1.89 and 1.27 g7, Tespectively. The finding that supplementation with

sodium propionate decreased level of liver glycogen was unexpected since
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propionate is glucogenic at least in the presence of vitamin BlZ' it
should be noted that the decrease in level of liver glycogen on the addi-
tion of sodium propionate was most marked in diets containing no added
vitamin B12' ﬁecently, Williams et al. (1971) showed that the conversion
of lactate into glucose is inhibited in vitamin Blz—deficient rats after
sodium propionate administration. They concluded that the effect is due
to inhibition of the pyruvate carboxylase step resulting from a decrease
in acetyl CoA concentration and a postulated increase in methylﬁalonyl
CoA concentration, Whether pyruvate carboxylase is inhibited on admin-
istration of sodium propionate to chicks is unknown. Blood lactate was
not observed to increase in chicks in the present study; however, the
possibility exists that if the conversion of glucose precursors into
glucose is inhibited, they may be diverted to replenish intermediates

in the citric acid cycle, thus permitting fatty acids to be completely
oxidized. 1In support of this suggestion is the finding that blood ketone
bodies were ;educed in chicks fed diets with and without supplementary

vitamin B12 on the administration of sodium propionate.
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EXPERIMENT IV

In the preceding experiments, the effect of a vitamin B12

deficiency on the ketogenicity of dietary fat was determined in chicks

in which the vitamin 312 deficiency was produced by supplementing a diet

low in vitamin Bl2 and one carbon units with sodium propionate. The

object of this experiment was to determine the effect of a vitamin B12

deficiency on the ketogenicity of fats when chicks were fed diets suf-
ficiently low in one carbon units so that in the absence »f supplemental
vitamin Bl2 a deficiency would be produced without the need for accentu-

ating the deficiency with sodium propionate.

Materials and Methods

The experimental design and procedures used were the same as in
Experiment III with the exception that all diets contained 0.074% sup-
plemental methionine rather than 0.1% as shown in Table 9. This level
of supplemental methionine was based on the observation of Looi (1971)
that 0.074% supplemental methionine in a vitamin B,, deficient diet in-

12

duced the symptoms of a vitamin B12 deficiency in the chick.

Results and Discussion

Summarized in Table 13 are the weight gains and caloric effi-
ciencies of chicks fed carbohydrate-containing and "carbohydrate-free"

diets with and without supplemental vitamin B., and containing two levels

12
of sodium propionate. Analvsis of variance of the factorial arrangement
of treatments (Steel and Torrie, 1960) showed that chicks fed diets con-

taining safflower oil grew significantly faster than chicks fed diets

containing beef tallow or glucose (P < 0.05). A vitamin 812 deficiency



Table 13

Growth and caloric ef ficiency of chicks fed
carbohydrate~containing and '"carbohydrate-
free" diets containing two levels of dietary
vitamin Bl2 and two levels of Na propionate

Average weight

Kcal consumed/

gain

Treatment g g gain
Safflower oil + B12 4082’a 6.12?’8’f
Safflower oil + B12 + Na propionate 4152 5.92f
Safflover oil - B, 2865 8¢ 6,89+
Safflower oil - Bl2 + Na propionate 274d’e’f 6.96b’c
Beef tallov + 3, 3342264 6.18% 1
Beef tallow + B12 + Na propionate 354a’b 6.128’f
Beef talloy - B, 2688 f 6.55C2d»¢
Beef tallow - Blz + Na propionate 21@ 7.28a’b
Glucose + B, 364%° 6.398f
Glucose + 812 + Na propionate 340b’c 6.50C’d’e
Glucose - B12 279c’d’e 6.58c’d’e
Glucose - B., + Na propionate 254e’f 7.562

12

lCalculated from calculated metabolizable energy values for the diets.

2 . . .
Values are averages for duplicate groups each containing 10 chicks.

Values without a common letter in their su

different (? < 0.05).
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perscripts are significantly
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was produced as shown by the significantly increased rate of growth on
the addition of vitamin B12 to diets in which non-protein energy was sup-
plied by safflower oil, beef tallow and glucose (P < 0.01). The addition
of sodium propionate to the vitamin Blz—deficient diet did not alter

rate of growth irrespective of source of non-protein energy. The failure
of sodium propionate to reduce growth of chicks fed diets containing no
added vitamin B12 is in contrast to the results of Fxperiment III in which

chicks showed a marked reduction in rate of growth when sodium propionate

was added to diets containing no added vitamin B However, in Experi-

12°
ment IIT, all diets contained 0.17 methionine, and in the absence of sup-
plemental vitamin B12 the addition of 27 sodium propionate produced a

vitamin B 5 deficiency. Since a vitamin B,, deficiency was observed in

1 12

this experiment when diets cortaining 0.074% methionine were fed, these
results suggest that the vitamin Blz—sparing action of 00.0267 methionine
is offset by 2% sodium propionate. Although sodium propionate did not
accentuate a vitamin 812 deficiency using growth as the criterion, caloric
efficiency was reduced by the addition of sodium propionate to a vitamin
Blz~deficient diet in which non-protein energy was supplied by beef tallow
or glucose but remained unchanged when non-protein energy was supplied by
safflover oil.

Summarized in Table 14 are data showing the metabolic effects
of feeding carbohydrate-containing and "carbohydrate-free” diets with

and without supplemental vitamin B 9 and containing two levels of sodium

1
propionate. Analysis of variance of the factorial arrangement of treat-

ments (Steel and Torrie, 1960) showed that source of non-protein energy,

level of supplemental vitamin B12 and level of sodium propionate in the
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diet had no significant effect on blood glucose levels (P > 0.05),
These results are in agreement with the results obtained in Experiment
III and show that in the chick neither vitamin B12 deficiency nor fatty
acid compositién of the fat fed affect level of blood glucose,

Similar statistical treatment of the data on blood ketones
showed that the isocaloric substitution of safflower oil or beef tallow
for glucose significantly increased (P < 0.05) levels of blood ketones
with safflover oil being more ketogenic than beef tallow. Similar results
were obtained ir Experiment ITI.

Results also show that a vitamin 312 deficiency produced by
curtailing intake of both one carbon units and the vitamin did not affect
level of blood ketones, irrespective of source of energy and fatty acid
composition of the fat. The failure of vitamin B12 deficiency to increase
the ketogenicity of safflower oil indicates either that the amount of
propionyl CoA formed in the oxidation of polyunsaturated fatty acids is
insignificant or that vitamin B12 is still present in amounts sufficient
to serve as a cofactor for methylmalonyl CoA mutase.

The antiketogenic effect of sodium propionate when added to
"carbohydrate-free" diets was again observed. In contrast to Experiment
III, in this experiment the antiketogenic effects of sodium propionate
were similar in the presence and absence of vitamin BlZ' Since the addi-
tion of sodium propionate did not accentuate the growth depression in
vitamin Blz-deficient chicks, it would appear that if propionate is
metabolized the amount of vitamin BlZ used in its metabolism is not great
enough to depress growth,

Analysis of variance of the factorial arrangement of treatments
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(Steel and Torrie, 1960) showed that as in the three previous experiments,
substituting neutral fat for the glucose in a high carbohydrate diet
significantly (P < 0.05) decreased level of liver glycogen. As in Exper-
iment III, levél of liver glycogen was not affected by the fatty acid
composition of the fat fed.

Similar statistical treatment also showed that vitamin B12 defi-
ciency produced by curtailing intake of onme carbon units and the vitamin
did not affect level of liver glycogen, irrespective of sourcelof energy
or farty acid composition of the fat fed.

The addition of sodium propionate caused a significant overall
reduction in levels of liver glycogen (P < 0.05), the effect being most
marked when sodium propionate was added to vitamin Blz—deficient diets.
The question thus arises as to whether the reduction in levels of ketone
bodies on addition of sodium propionate to diets of vitamin Blz-deficient
chicks is due to the metabolism of propionate or to the diversion of
carbohydraté from storage to other uses.

Statistical treatment of the data on blood lactic acid showed
that levels of blood lactic acid were not affected by source of non-protein
energy, level of supplemental vitamin Bl2 or level of added sodium pro-
pionate. These results are in contrast to results of Williams et al.
(1971) and Williams and Spray (1972) which showed that injecting sodium
propionate into vitamin Blz—deficient rats caused a twofold increase in

blood lactic acid concentration.



47

GENERAL DISCUSSION

Comparison of levels of blood ketone bodies and liver glycogen
in chicks fed diets containing saturated and polyunsaturated fats both in
the presence and absence of supplemental vitamin B12 have failed to pro-
duce evidence in support of Sinclair's hypothesis that propionyl CoA is
formed in the oxidation of polvunsaturated fatty acids. Studies have
shown that levels of blood ketone bodies were as high or higher when non-
protein energy was provided by the polvunsaturated fats, soybean oil and
safflower oil, as when non-protein energy was provided by the saturated
fats, beef tallow and coconut oil. In addition, levels of blood ketone
bodies have been shown to be unaffected by vitamin BlZ deficiency irrespec-
tive of degree of unsaturation of the fat. Results also have shown that
levels of liver glycogen were as high or higher when chicks were fed diets
containing saturated fats as when polyunsaturated fats were fed and that

levels of liver glycogen were unaffected by a vitamin B., deficiency

12
(Experiment IV),

These findings are in contrast to results reported for the rat
which showed that saturated fats were more ketogenic than polyunsaturated
fats when levels of blood ketone bodies (Tidwell et al., 1966; Chung and
Dupont, 1968; Dupont and Mathias, 1969) or levels of liver glycogen
(Tidwell et al., 1966) were used as the criteria. These investigators sug-
gested that the finding that saturated fats were more ketogenic than unsat-
urated fats supports the premise that polyunsaturated fats have the poten-
tial to supply glucose. Thus, although the rat may metabolize unsaturated

fat via propionyl CoA, results of the present studies do not support the

evidence of such a pathway in the chick.
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Evidence has been accumulated to show that chicks and rats do
differ in some other aspects of their metabolism of fat. For example,
the chick absorbs lauric, myristic and palmitic acids to a lesser extent
than the rat (ﬁenner and Hill, 1961). Studies have also shown that the
chick absorbs fatty acids, esterified or unesterified, short or long
chain, by the portal system (Scott et al., 1969). In addition, Feigenbaum
and Fisher (1963) have shown that the chick unlike the rat, does not
develop a fatty liver upon starvation and that, while polyunsaéurated
fatty acids predominate in the liver fat of starved chicks, saturated
fatty acids predominate in the liver fat of starved rats. Sites of
lipogenesis have also been shown to differ in the two species. O'Hea
and Léveille (1969) showed that between 90 - 957 of de novo fatty acid
synthesis in the chick appears to take place in the liver. In contrast,
de novo fatty acid synthesis in the rat occurs predominantly in the
adipose tissue (Leveille, 1967). Finally, Pearce (1971) has reported
that fat-feeding hes no effect on hepatic pyruvate kinase activity in
the chicken whereas in the rat dietary lipid represses it which suggests
that chicken liver is wore restricted in its response to dietary modifi-
cation than rat livef.

The failure to obtain evidence for formation of propionyl CoA
during the oxidation of polyunsaturated fatty acids negates the possibility
that the increased requirement for vitamin Bl2 when chicks are fed high
fat diets (Looi, 1971) is due to increased need for the cofactor for
methylmalonyl CoA mutase. Thus the question of why the chick's require-
ment for vitamin B12 is increased when fat is substituted isocalorically

for glucose remains unanswered.
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Previous investigators have implicated vitamin B., in the

12
maintenance of blood levels of soluble sulfhydryl compounds, particularly
glutathione (Ling and Chow, 1953, 1954; Hsu et al., 1959). Recently
Kowale et al. (1966) observed significantly lower levels of blood gluta-
thicne in rabbits fed diets containing saturated fats than in those fed
diets containing unsaturated fats. They proposed that the lower level of
blood glutathione in rabbits fed diets containing saturated fats might

be associated with the higher levels of blood ketones observed.when sat-
urated fats were fed. Previously, Nath and Hatwalne (1950) and Nath et al.
(1953) had reported that ketone bodies caused a decrease in level of blood
reduced glutathione. Biswas and Johnson (1964) observed that, in the

livers of vitamin Blz—deficient rats and chicks, the activities of glu-
cose-6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, isoci-
trate dehydrogenase, and glutathione reductasc were significantly depressed.

These investigators concluded that the effect of a vitamin B., deficiency

12

on dehydrogenases and carbohydrate metabolism was secondary to the effect
on glutathione reductase., More recently, Nath and Nath (1967) observed
that growth of rats and levels of vitamin B12 in blood and liver were
reduced when ketone Bodies wvere administered in vivo.

Whether the increased levels of blood ketone bodies in chicks
fed "carbohydrate-free" diets causes a reduction in levels of vitamin
Bl2 in liver and blood and a reduction in blood reduced glutathione is
unknovn., Further studies might be conducted to compare levels of vitamin
BlZ’ blood reduced glutathione, and glutathione reductase in chicks fed

diets with and without supplemental vitamin B., in which non-protein

12

energy is provided by fat and carbohydrate.
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SUMMARY

Studies to compare the ketogenicity of various fats for the chick
have shown that substitution of the polyunsaturated fats, safflower
pil and soybean o0il, for the saturated fats, beef tallow and coconut
0il, did not reduce levels of blood ketone bodies nor increase levels
of liver glycogen in chicks fed "carbohydrate-free" diets. These re-
sults indicate that the chick does not metabolize polyunsaturated

fatty acids via propionyl CoA.

Levels of blood ketone bodies and liver glycogen have been shown to

be unaffected by a vitamin B,, deficiency, irregardless of the degree

12
of unsaturation of the fat used to formulate the "carbohydrate-free"

diet.

Studies have shown that the addition of sodium propionate to "carbo-
hydrate:free” diets in which non-protein energy was supnlied by
either safflower oil or beef tallow did not affect level of blood
lactic acid but caused a reduction in levels of both blood ketone
bodies and liver glycogen which was most marked in the absence of

supplementary vitamin 317.

Chicks fed "carbohydrate-free” diets containing coconut oil grew
slightly but significantly slower and had higher levels of liver
glycogen than chicks fed "carbohydrate-free" diets containing sovbean
0il. The growth depressing property of coconut oil was accentuated
when glycerol was deleted from the diet by substituting coconut

fatty acids for coconut oil and, in contrast to soybean fatty acids,
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the growth depressing property of coconut fatty acids was not over-
come by the addition of glucose. Studies showed that the growth
depressing property of coconut 0il and coconut fatty acids was not
due to decreased absorbability since these lipids were shown to be

absorbed to 99 and 92%, respectively.

Results of these studies indicate that the increased requirement of
the chick for vitamin B12 vhen fed high fat diets (Looi, 1971) is
not due to formation of propionyl CoA during the oxidation of poly-

unsaturated fatty acids.
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