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Changes in fatty acid composition in nutritional fatty
degeneration of the liver

2.* Effect of realimentation after starvationt

By ABRAHAM 8. FEIGENBAUM anp HANS FISHER

Department of Poultry Science, Rutgers, The State University,
New Brunswick, New Jersey

(Received 12 December 1961—Revised 31 August 1962)

Fasted adult rats have been shown capable of synthesizing large amounts of fat
during realimentation. Longenecker (19394) found that when fasted rats were given
high-carbohydrate or high-protein diets they deposited a third of their total weight
gain as fat. On initial refeeding after starvation, an increase in liver fat was observed
in growing rats by Soberén & Sanchez (1961) and in growing chickens by Summers &
Fisher (1960). By an examination of the fatty acid composition of liver fat we have
attempted to determine the origin of the fatty liver condition which arises on refeeding
after starvation. As a result of these investigations it was also found that appropriate
adjustments in the diet offered for realimentation would prevent the development of
this type of fatty liver.

EXPERIMENTAL

Procedure. Female chickens, and in one instance male chickens, 2 weeks old, from
a Columbian x New Hampshire cross, were used in these experiments. During an
initial 2-week feeding period a standard maize—soya-bean growing diet (Feigenbaum &
Fisher, 1963) was given. The birds were next starved for a 5-day period and then
refed. Table 1 shows the composition of the basal diet used throughout these studies.
The source and quantity of fat as well as the variation in level of energy (adjusted with
dietary cellulose) is shown in the tables of results. All dietary changes were made at
the expense of glucose.

For the analyses, birds were selected in groups of five to represent the mean weight
of the original group and were killed with chloroform. The livers were prepared and
the fat was analysed, as previously described (Feigenbaum & Fisher, 1963).

Expt 1. In this experiment the source of dietary fat and the energy level were
studied in relation to the fatty liver degeneration appearing upon refeeding starved
chickens for 3 days. The basal diet was supplemented with 5 %, glycerol or coconut,
olive or maize oil, with or without 209, cellulose. In this experiment birds were
killed and their livers analysed after the starvation period or after 3 or 1o days of
refeeding.

* Paper no. 1: Brit. ¥. Nutr. (1963), 17, 3I1.
1+ Paper of the Journal Series, New Jersey Agricultural Experiment Station. Supported in part
by grants-in-aid from the National Science Foundation G-11399 and U.S. Public Heaith Grant

A-4904.
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Expt 2. This experiment included groups of male chickens from the same hatch
and of similar body-weight as the females for comparison of possible sex differences.
Since the replacement of glycerol in the diet in Expt 1 by an equal weight of fat
reduced the accumulation of liver fat in most instances, Expt 2 was designed to study
the effect of higher levels of fat. Maize oil was used, since it resulted in 2 much smaller
accumulation of liver fat than did olive oil. Coconut oil, although as potent in this
respect as maize oil, must be considered in a separate category (to be discussed later)
because of its content of short-chain saturated fatty acids. In Expt 2, we also explored
the possibility that the different behaviour of maize oil and olive oil might be due to the
greater degree of unsaturation of the former. To do so, we included cod-liver oil,
one of the more highly unsaturated fats, in this study in addition to the maize oil. In
this experiment birds were killed at the same stages as in Expt 1. However, since all
signs of fatty liver degeneration had disappeared after 10 days of refeeding, values for
the 1o-day analyses are not given in the tables for Expts 2—4.

Table 1. Composition of basal diet

Amount Amount
Ingredient (%) Ingredient (%)
Defatted soya-bean meal (50 % protein) 40700 Antioxidant § o'or
Mineral mixture® 4'94 Cellulose || Varied
Methionine hydroxy analoguet 030 Glycerol or fat Varied
Choline chloride 0'20 Glucose monohydrate To 100
Vitamins] o025

® For composition sec Fisher, Griminger, Leveille & Shapiro (1960).

+ MHA, Monsanto Chemical Co., St Louis, Mo, USA.

1 For composition see Fisher & Johnson (1956).

§ Santoquin (6-ethoxy-1,2-dihydro-2,2,4-trimethylquinoline), Monsanto Chemical Co., St Louis,
Mo.

|' Solka Floc, Brown and Co., Berlin, New Hampshire, USA.

Expt 3. This experiment was designed to study further the production and pre-
vention of the fatty liver condition observed on refeeding starved chickens in relation
to the role of specific dietary fatty acids. Olive oil and triolein, with their high oleic
acid content, were used, since liver oleic acid (monoenoic acid) seemed to reflect the
extent of the fat accumulation. Safflower-oil fatty acids were also used in this experi-
ment as a rich source of dienoic acid (72:g %) to test whether the beneficial effects of
maize oil might be related to its dienoic acid content. The three supplements were
supplied in the diet at two levels (5 and 159,). In addition, these levels of triolein
were also given in combination with 2 9, safflower-oil fatty acids. Birds were killed
and their livers analysed as described in Expt 1.

Expt 4. This study was designed to explore possible interrelationships between
dietary linoleic acid and triolein. Such an interrelationship was suggested by the
results of Expt 3. Several levels of the two fatty acids were given individually or in
combination. Again birds were killed as described for Expt 1.

Expt 5. This experiment was designed to study the daily changes in liver fat
accumulation and subsequent regression. Changes in carcass fat were also studied in
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the hope that they would shed further light on the origin of the fatty liver degeneration.
The birds, which had been starved in the usual manner, were given a diet containing
5 % glycerol without added cellulose. The glycerol diet was used since it had previously
given rise to the largest accumulation of liver fat. Carcass and liver fat were deter-
mined daily for a 10-day period, since by the end of this time liver fat content had
essentially returned to normal as shown earlier in Expt 1 (Table 2). Each carcass with
the liver removed was frozen and finely ground. Five ground carcasses from each
group were then thoroughly mixed together and samples freeze-dried. The dried
samples were again finely ground and appropriate amounts analysed in the same way
as for the liver.

RESULTS

Expt 1. Table 2 gives the results. Columns 2 and 3 show the mean values for
normal chickens and for birds starved for 5 days (Feigenbaum & Fisher, 1963). In
comparison with those of the normal and the starved groups, all other dietary treat-
ments gave rise to fatty livers. With the high-energy diets (those without added
cellulose) the livers were larger and contained more fat than did comparable livers
from birds given the low-energy diets. Comparison of iodine values showed that birds
on the high-energy diets produced a more saturated liver fat than those on the low-
energy diets. On comparing the relative amounts of fatty acids (as a percentage of fat),
we found, however, that the high-energy diets produced liver fat that was less saturated
than that produced by comparable low-energy diets. These seemingly contradictory
results can easily be explained by shifts within the unsaturated fatty acid fractions:
thus, the monoenoic acid levels were higher, and all the polyunsaturated acid levels
lower, in the liver fat of the chickens that had received the high-energy diets than in
the liver fat of those that had received the corresponding low-energy diets.

In terms of deposition of liver fat, the dietary fat supplements fell into two groups,
with glycerol and olive oil resulting in much greater fat accumulation than either
coconut or maize oil. A similar effect of dietary fat on the monoenoic acid fraction was
noted, particularly when it was expressed in absolute terms (mg/g liver).

Comparison of the normal and starved chickens on the one hand and the refed
birds on the other showed that the relative amount of saturated fatty acids (as a
percentage of fat) was lower in the refed birds than in the normal or starved birds,
whereas in absolute terms (mg/g liver), the amount of the saturated fatty acid fraction
was higher, especially with the high-energy diets. Of all the fatty acids, the monoenoic
acid fraction showed the greatest increase during refeeding of previously starved birds
and appears to be a reasonably good index of the degree of accumulation of liver fat.
The concentrations of the polyunsaturated fatty acid fractions, which increased during
starvation (Feigenbaum & Fisher, 1963), decreased during refeeding, and for the most
part approached those of the normal group once again.

Table 2 also lists some of the liver measurements made after 10 days of refeeding.
It will be noted that with all diets the fatty liver condition has greatly subsided and
that some of the groups, particularly those on the low-energy diets, had a nearly
normal liver fat content (cf. controls, column 2).

ssaud Aussanun abprquie) Ag auljuo paysiignd S000£96 LN[E/6.01°01/Bio"10p//:sdny


https://doi.org/10.1079/BJN19630005

https://doi.org/10.1079/BJN19630005 Published online by Cambridge University Press

(8 1 F 891 UONBAIE)S 230J9q IySrom) sdep § J0j poalels sudIYD jo sdnold udl J0J SI0IId PIepurls JIAYL YIIm San[es UedA
‘UONBAIEIS 310J2q SUMOIYD 3[BWd) P[O-%39Mm-Z JO sUNOIB UI2IXIs 10] SIOLID PIBPUEIS JISYI I SINJBA UBSJA]
*[10 azrew ‘IA ({10 2AMO ‘() {10 INUOD0D ‘1) { (1B} PIPPE OU) [01904]3 ‘D)

o
el
[e)}
[
.S 0.5 .S L.S
g€ 9.€ L.€ z.€
gz 962 Sle Stz
m z.1 z.1 S.x .1
T L.o S.0 9.0 V.0
2 z.€ V.z 6.1 S-x
&) 6.0 b1 o1 11
w0 .9 6.t 1.§ 9.€
m g-£¢ 8-£9 z.€t S.€9
z.LE g-1¥ z.€¢ 6.g€
s
m .1 o.I 0.z o.1
< g0 V.0 80 V.0
L.€ 1.2 Sz b
W I.1 -1 €.1 0.1
=l w.o z.v .\AO €.€
) 9.6€ 1.§S £.£¢ 9-L§
2 9-£¥ 1.9€ £.£p £.5¢
m
rJ 8L £L SL 1
wn gh9 zL6 So9 Sog
s S.8 9.11 LL 0.11
¢
m 6.€ E¥ €4 ¥
M S61 61 2234 9L1
N o) D O

2so[n[ja> PappE % 0T YIM

42

1.9
L€
£ge

z.1
t.0
ez
£
£.6
1.84
S.z§

g-0
€.0
S.1
6.0
¥.9
6.€S
2.9t

zL
Yof1
S.br

LYy
161

£.9
L.€
6ge

o.1
Yo
z.1
0.1
‘B4
1.221
S-89

z.0
9-0
S.0o
vz
€.19
v.ve

99
1L61

6.61

£.S
981

(6]

z.9
1.v
zge

£.6
0.8
g6z

Buipoayas sep ot 1oy

6.0
S.0
c.1
1.1
Sy
S-98
1.6S

9.0
£.0
80
L.o
6.2
£.98
S.gt

1£]
SoSt
.61

¥.S
og1

6.0
z.0
6.0
1.1
6.2
0.5¢€1

8-08

v.0
1.0
v.0
S.o
£.1
8-09
Y.9¢

Z9
of1f
.22

o.L
0ot

2.0FS.E
So.0¥g.0
Z.0F 8.2
o
z.0¥o.£
L.1F0.6
1.2TL.g¢

9-0FS.L
1.0F L.1
§.0F6.¢
-]
voFxt.g
8-240.81
1.2¥5.09

v¥og
LF¥EL
g.oxg.t

1.0} 9.2
gFfir

3uipaajox sfep € 1Yy

O

D

J

Y

2S0[N][90 INOYIA

<
spitq 24y jo dnoid auo Jo sasK[eue jedi[{dnp 10} sanjea ueajy

Jsuayoryo
paaielg

1.0% 0.1
So.0F S.0

1.0Fg.1
So.0FL.0

oxib

1.2F1.L1
€1Fe.le

z.0¥0.2
1.0F 0.1
foFt.t
1.oF .1
Lo¥e.g
6.2F1.1¢
t.eFb.es

1¥14
6 ¥ 10t
z.0¥e.S

z.0+9.¥
S ¥ 991

#SUSTIIYD
[BWLION

uoypoavys wa1fv suaynys fo Suipsafor Furnp
uois0duor p1ov Anf sy puv pvf 4aay uo (123p ayz fo %, S) svf Luviazp snowwa fo paffy 1 1dxyg z Jqe],

(3yBram 12a1] 19m JO 38ejuadiad se) 1By J9A1]
(3yBram-£poq jo adejuaorad se) ySrom 1417
(8) wysem-4pog

sauarxoy
saudejuad
SoUdBI13)
sauaLs}
saualp
sousouow
pajeanjes
1941} 3/8wi sB
sauaexay
saudriusd
SaUaEIN
souatn
saudIp
souaouow
pajeinges
18} Jo 98ejundlad se
isproe A13e]
anjea aurpor
Jaa1]/Bw se
14A1om 3941 19Mm Jo a8ejuadiad sk
1IB) J3AIT]
yB1om-£poq jo o8v3uadiad se JyJrom Iaar]
(8) wyBrom-4pog

JUDUWINSBIA


https://doi.org/10.1079/BJN19630005

Vol. 17 Fatty acids and nutritional fatty livers 43

Expt 2. The results in Table 3 again show a greater liver fat accumulation on the
high- than on the low-energy diets. A comparison of the intake of food and meta-
bolizable energy by birds given high- and low-energy diets showed that the latter
groups consumed 14 %, more food but 119, less energy than did the former groups.
A similar pattern was observed in all experiments in which low- and high-energy diets
were compared.

The birds given either maize oil or cod-liver oil in the presence of 20, cellulose
had an essentially normal liver fat content. Whereas the increase in the level of dietary
fat was very effective in preventing the accumulation of liver fat, the greater degree of
unsaturation of cod-liver oil compared with maize oil was of no additional consequence.
It is noteworthy that the dietary maize oil had relatively little effect in altering the
fatty acid composition of liver fat, whereas the changes in the liver fatty acids that
occurred on the cod-liver oil diet were, although more substantial, still small in com-
parison with the large quantities of polyunsaturated fatty acids contributed by the oil.
The comparison between male and female chickens showed that the male birds had
less liver fat (which was also more saturated) under all dietary conditions except on the
high-calorie, glycerol régime. This finding is in agreement with earlier observations
of a more saturated liver fat in male birds after a 5-day starvation period (Feigenbaum
& Fisher, 1963).

Expt 3. The results given in Table 4 again clearly indicate that, with the exception
of olive oil, the higher level of dietary fat (159%,) was more effective in preventing a
great accumulation of liver fat. The diet with 15 9, olive oil produced almost as high
a liver fat content as did the diet with 59 olive oil. Again, the concentration of the
monoenoic acid fraction was well correlated with the degree of accumulation of liver
fat. Despite the fact that triolein supplies monoenoic acid exclusively (in contrast to
olive oil which also contains other fatty acids), it is surprising that the content of the
monoenoic acid fraction of the liver fat of birds given the 159, triolein diet was
appreciably lower than in the corresponding group that had been given 15 9, olive oil.
This finding was even more striking on an absolute basis (mg/g liver), since it was the
only large difference, with virtually no changes in any of the other fatty acids studied.

Expt 4. The results in Table 5 show a marked effect of the highest level of linoleic
acid (5 %) in lowering liver fat content, whereas no such effect was observed with any
of the levels of triolein. An interaction was noted for the groups given diets containing
combinations of linoleic acid and triolein. The largest accumulation of liver fat was
noted in birds given the diet with the combination of 3-59%, linoleic acid and 159,
triolein and the lowest amount of liver fat was found with the diet supplying equaj
amounts of each of the two supplements. Asin all previous experiments, the monoenoic
acid content expressed on an absolute basis (mg/g liver) again was a good index of the
extent of liver fat accumulation. In the group given the combination that gave rise
to the largest amount of liver fat, it appeared that, in addition to an increase in the
absolute amount of monoenoic acid (mg/g liver), the saturated and dienoic acid
fractions were also markedly increased.

In order to understand the effect of the combination of dietary fatty acids, the liver
fatty acids of this group must be compared with those of the groups receiving the
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individual fatty acid components. On a relative basis (as a percentage of fat) the liver
fatty acid pattern (specifically the saturated, mono- and di-enoic fractions) for the
group receiving the combination was the same as for that receiving 3'5 9 linoleic
acid. Since the addition of 1-5 % triolein to 3-5% linoleic acid resulted in increased
fat accumulation, we would expect and in fact observed markedly higher absolute
levels (mg/g liver) of the three fatty acid fractions previously specified. A further
comparison between the group given the combination and the group given 1-59%,
triolein showed equal absolute (mg/g liver) amounts of monoenoic acid. On the basis
of these comparisons we can conclude that the interaction has resulted in higher
absolute levels of saturated and dienoic acid, and that the change in the latter was
related to a homoeostatic mechanism involving the maintenance of the physical
characteristics of liver fat.

Table 4. Expt 3. Effect of additional dietary fats and a fat combination on liver fat
and its fatty acid composition after 3 days of refeeding of chickens after starvation

(Mean values for duplicate analyses for one group of five birds)
2 9% Safflower-oil

Safflower-oil fatty acids +
Olive oil fatty acids Triolein triolein
—r— A —r— ——A—
Measurement 5% 15% 5% 15% 5% 15% 5% 15%
Liver weight as per- 52 51 5'9 41 5°4 46 51 42
centage of body-
weight
Liver fat:
as percentage of 13°8 13°1 100 82 15°1 87 117 92
wet liver weight
as mg/liver 1312 1219 1064 588 1448 695 1073 706
iodine value 70 73 63 71 67 64 67 66
Fatty acids:
as percentage of fat
saturated 304 29°4 403 454 320 434 384 433
monoenes 656 648 5272 399 64°4 48-8 539 46-8
dicnes 21 33 5°0 99 2°0 43 4'9 63
trienes 04 06 o7 1'0 04 o8 o6 10
tetraenes o6 09 o9 21 06 1-3 10 14
pentaenes o2 o2 o2 o4 o2 03 o2 03
hexaenes 07 o-8 07 13 o3 1'1 09 1o
as mg/g liver
saturated 42°0 38:6 404 37'1 487 376 450 399
monoenes 906 851 52°4 326 974 423 632 43°1
dienes 29 43 50 81 30 3-8 57 58
trienes 06 o8 o7 o8 o6 o7 07 09
tetraenes 09 12 09 17 09 11 12 13
pentaenes 03 o3 oz o3 o2 03 03 03
hexaencs 09 1’1 oy I'1 07 o9 1o 09

Expt 5. The results of this study are shown in Table 6. The increase in liver fat
after 3 days of refeeding was almost half that found after 3 days in Expt 1, perhaps as
a result of differences in body-weights at the beginning of the refeeding periods. For
the two experiments under consideration this difference was in excess of 10 %,.
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acid composition of refeeding starved chickens on a high-carbohydrate diet

(Mean values for duplicate analyses for one group of five birds)

Measurement

Weight as percentage of
body-weight
Fat:
as percentage of wet liver
weight
as g/liver
iodine value
Fatty acids:
as percentage of fat
saturated
monoenes
dienes
trienes
tetraenes
pentaenes
hexaenes
as mg/g liver
saturated
monoenes
dienes
trienes
tetraenes
pentaenes
hexaenes

Weight (g)*
Fat:
as percentage of wet
carcass weight
as g/carcass
iodine value
Fatty acids:
as percentage of fat
saturated
monoenes
dienes
trienes
tetraenes
pentaenes
hexaenes

as mg/g carcass

saturated
monoenes
dienes
trienes
tetraenes
pentaenes
hexaenes

Days of refeeding

47
Table 6. Expt 5. Daily observations on the effect on liver and carcass fat and their fatty

o 1 2 3 4 5 6 7 8 9 10
Liver

33 57 76 63 81 69 73 7o 63 63 65
40 72 106 120 1204 107 94 oI 81 79 69
013 o350 112 120 182 146 154 151 128 136 132
69 63 60 59 36 60 62 66 66 68 70

66's 441 407 416 434 399 385 372 390 387 374
156 499 557 550 538 565 578 574 3549 544 546
68 25 19 17 15 18 18 26 29 33 38
00 04 ©O04 03 04 ©O§5 0§ 09 I'I II 13
45 14 o7 06 o5 o6 o6 10 1T I3 1§
1'§ o4 ©02 02 ©02 02 02 03 04 05 05
51 1's o5 o6 03 04 04 06 07 08 o9
268 318 431 499 538 427 362 340 314 307 257
63 359 589 660 666 605 s4'3 524 442 431 375
227 18 20 20 19 19 17 24 23 26 26
oo 03 04 o04 o005 o5 o085 o8 o9 09 09
1'8 10 07 o7 o6 06 o6 09 o009 10 10
o6 o3 o002 02 02 02 02 03 03 04 03
21 I'T o§ o7 04 04 ©O04 035 06 o6 o6

Carcass

99 120 138 159 81 199 226 237 252 274 295
23 22 35 47 5§52 60 66 70 76 677 60
228 266 48 743 036 11°96 1496 1650 15°15 1833 1767
73 63 70 70 77 76 77 77 18 75 75

342 492 363 350 256 256 217 2200 211 267 265
561 39's 543 566 672 672 729 725 733 667 667
67 70 67 61 53 56 41 41 42 50 50
o9 12 o8 07 o6 o6 o35 o6 o5 0% o8
og 13 ©08 07 o7 06 o5 05 04 05 05
04 ©05 ©03 04 02 O OI Ol OI 02 02
og 12 08 o5 04 ©03 02 02 04 03 03
79 109 128 163 132 154 144 153 160 179 159
129 88 191 264 347 404 483 505 557 446 400
s 16 24 28 27 34 27 29 32 33 30
o2z ©03 ©3 03 03 04 03 04 04 05 05
oz 03 ©03 03 04 ©04 03 03 03 03 03
o' 01 o1 02 (=18 1 oI oI o1 o1 o1 o'
o2 03 o3 o2 o2 o2 o1 o1 03 02 0'2

* With liver removed.
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Liver size, as a percentage of body-weight, increased greatly until a peak was reached
on the 4th day, after which time the rate of increase levelled off for the remainder of the
experimental period. The increase in liver size was paralleled by a very sharp increase
in fat content that reached a peak after 4 days and then declined gradually. The marked
increase in the amount of fat in the liver, particularly during the first 3 days, was
accompanied by a dramatic increase in the amount of the monoenoic acid fraction and
by increases of small magnitude in that of the saturated acid fraction. These observa-
tions agreed with all our previous findings. The carcass fat composition strongly
suggested that the origin of the fatty liver was de novo fat synthesis in the liver. Since
the amount of dietary fat consumed was only 40-8o mg a day, this source cannot
possibly account for the large increments of fat in both liver and carcass. An infiltra-
tion of carcass fat into the liver can be ruled out on the following grounds: (1) there
were, between liver and carcass, marked differences in the rate of increase of fat, in
liver fat a very sharp increase that occurred on the 1st day of refeeding, and in carcass
fat only a very gradual increase; (2) there were considerable differences in the time
after refeeding at which peaks in fat accumulation occurred, with a 4-day peak
occurring with liver fat and an 8-day peak with carcass fat; finally (3) there were big
differences in the fatty acid composition of liver and carcass fat expressed either on a
relative (as a percentage of fat) or on an absolute (mg/g tissue) basis.

DISCUSSION

When the high food consumption of starved refed chickens is considered it is not
surprising that a fatty liver condition arises in them. Our food records show that, on
refeeding, the previously starved birds may consume twice the quantity of food that
would be consumed by normal birds of similar body-weight. The food : weight gain
ratios of the previously starved birds approached unity during early refeeding,
indicating, therefore, retention of the excess energy consumed. This finding suggests
de novo fat synthesis for the storage of the calories consumed in excess. Longenecker
(19394) also found de novo synthesis and showed that fasted rats deposited a third of
their total weight gain as fat during refeeding on a high-carbohydrate diet. However,
the consumption of excess calories per se will not fully explain the origin of the fatty
liver, since we have shown that the development of this condition can be modified or
prevented by the substitution of substantial quantities of certain dietary fats for
carbohydrate. Thus, de novo fat synthesis or fatty acid conversion (saturation or
desaturation) in the liver may be more important than high calorie intake.

Longenecker (19395) has shown that dietary fat can by-pass the liver and be
deposited directly in the fat depots of animals refed after starvation. He found that
the depot fat laid down in fasted rats on a diet high in maize oil was almost identical
in fatty acid composition with maize oil itself. When he gave an equicaloric diet con-
taining sucrose in place of maize oil, the fatty acid composition of the depot fat was
very different. The similarity of the depot fat to maize oil, and the different character
of the depot fat resulting from substitution of sucrose, may be taken as clear evidence
that dietary fat reduces de novo fat synthesis.
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In our studies, all of the dietary fats used had some beneficial effect in reducing
accumulation of liver fat. Olive oil was the least effective of the fats in alleviating the
fatty liver condition. This small effect may have been due to the fatty acid composition
of olive oil, which is characterized by a high content of oleic acid and also an appre-
ciable amount of linoleic acid. The interaction between triolein and linoleic acid
observed in Expt 4 supports this suggestion. In this experiment (Table 5) the two
combinations supplying unequal amounts of linoleic acid and triolein resulted in
greater accumulation of liver fat than did linoleic acid alone. The combination of equal
parts of linoleic acid and triolein, which resembles the ratio of oleic and linoleic acid
in maize oil, had the same beneficial effects in preventing a fatty liver as did maize oil
in other experiments.

A comparison of the fatty acid composition of liver fat in the different experiments
showed a high monoenoic acid fraction to be a common denominator of the fatty liver
condition. This observation, taken in conjunction with the relatively small changes
observed in the iodine values with different dietary fats, suggests that a homoeostatic
mechanism involving the physical characteristics of liver fat may be at play. Owing to
a substantial content of polyunsaturated fatty acids, ‘normal’ chicken fat has a
relatively low melting point. With high-carbohydrate diets, low in polyunsaturated
fatty acids (which the chicken is unable to synthesize), there appears to be greater
synthesis of monoenoic acid in order to compensate for the absence of the poly-
unsaturated acids. Recently, Okey, Shannon, Tinoco, Ostwald & Miljanich (1961)
reached a similar conclusion ‘that there is a tendency [in rat liver] toward maintenance
of physical properties of each lipid within a characteristic range’.

The effectiveness of coconut oil, particularly in comparison with olive oil, in
reducing accumulation of liver fat deserves comment. A similar observation was made
by Channon & Wilkinson (1936), who studied various dietary fats in relation to the
dietary production of fatty livers in rats. With the exception of coconut oil, they
observed an inverse relationship between fat deposition and degree of unsaturation,
coconut oil behaving like the more unsaturated fats. These findings may be explained
on the basis of the fatty acids in coconut oil, which, when not oxidized, would not
require saturation or desaturation in the liver. We have previously shown (Feigenbaum
& TFisher, 1959) the direct deposition of coconut oil in the fat depots of the hen but not
in the egg-yolk lipids.

SUMMARY

1. Chickens, 2 weeks old, were starved for a period of 5 days and their liver fat was
examined after 3 and 10 days of refeeding.

2. On a diet devoid of supplemental fat (but containing § %, glycerol), a very high
content of fat in the liver was noted after 3 days of refeeding. This fatty liver condition
was of a temporary nature, with the liver fat returning to normal after 10 days of
continued refeeding.

3. Our results show that the fat accumulation was due to the ingestion of excess
calories as carbohydrate which was converted into fat by de novo synthesis in the liver.

‘ Nutr, 17, 1
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It could be partly and even completely prevented by substituting fat for part of the
dietary carbohydrate or by reducing the caloric density of the diet.

4. Of the fats studied, olive oil was less effective in this regard than safflower-oil
fatty acids, or than maize, cod-liver, or coconut oil, and also less effective than pure
triolein.

5. A comparison of certain mixtures containing linoleic acid and triolein showed
a definite interaction, which might explain the small effect of olive oil.

6. The monoenoic acid fraction of liver fat generally served as a good indicator of
fat accumulation.

7. The small changes observed in iodine values of liver fat with dietary fats of
varying degree of unsaturation suggest a homoeostatic mechanism for the maintenance
of certain physical characteristics of liver fat.
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