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The Effect of Intermittent Starvation on
Calcification, Food Utilization,
and Tissue Composition.

By J. H. KELLERMANN, Section of Biochemistry, Onderstepoort.

Tar primary function of livestock is to convert vegetable into animal
products such as meat, milk, wool, etc., but animals of the same
breed, sex, age and size often vary greatly in ability to convert their
food into the various animal products.

The extensive experiments of Palmer and Kennedy (1931) with
rats showed that a major, it not the controlling cause of individual
variation in gain in weight of animals on the same diet is due to
individual variation in efficiency of food utilization. Similar results
were obtained by Winters (1936). He fed steers individually for
three years and showed clearly that the variation in efficiency of
feed utilization between steers of a given market grade was sufficient
to be of practical importance in livestock production. Under the
experimental conditions it cost 26 to 44 per cent. more to produce
100 1b. gain in the least efficient than in the most efficient steer.
This quality of efficient or inefficient food utilization is, as proved by
Morris, Palmer and Kennedy (1933), hereditary, and the problem
therefore suggests itself that lines of livestock should be bred which
are not only more efficient in making gains but also more uniform in
this respect.

It is probable that food utilization and subsequent growth may
also be influenced by the method of feeding. For 1nstance, Morgulis
(1923) states that *° Von Seeland (1887) from his experiments with
chickens claims that intermittent brief fasts conduce to greater
development of the body. He used birds which already attained a
constant body weight, and some of them he fed regularly every day
while others were deprived of food from time to time for periods of
one to two days. He discovered that the chickens thus periodically
fasted became heavier than the control birds although they were
actually getting less feed than the latter. According to Von Seeland
the increase in welight was not due to deposition of fat, but to an
accumulation of protein material, 1.e., to an increase in flesh. No
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TasrE 1.

Composition of Ration in Percentage by Weight.

Yellow maize meal.......... ..t 60
Linseed oil meal. ... . .. . . 6
Skim milk powder. . ... .. ... 6
Crude casein...... ... i 10
Dried brewers’ yeast.. ... ... i i 5
Lucerne meal. . .. ... . i e 3
Butter fat. ... ... e 5
Beef liver (dried at T0°C.). .. ... ... . ool 2
Bone ash. ... . . e 1
Cod-liver o1l . ... e
Calog. oo )-5
NaCl . o e e

At the end of five weeks the rats were killed and the femurs
removed for the determination of ash. They were dissected free from
soft tissues and extracted according to the method as described by
Steenbock and co-workers (1930) with hot 96 per cent. alcohol
with frequent change of alcohol, in a Soxhlet apparatus for 5 days.
The femurs were then dried in an electric oven at 105° (. and ashed.
The percentage of ash was calculated on the dry-fat-free basis.
The results of these analyses together with the gain and food con-
sumption of the rats are given in Table II. These results were
subjected to statistical analysis* and the findings presented in Tables

TIY, IV, V and VI.
Tasre II.
Growth and Bone Calcification as Affected by Starvation.

\ ‘ . .
A " e Weight Weight | Percen-
Pair }\0' Treatment. Fotal [-m-tm] Gain. ofg : 0% age of
and Sex. Food. \W elght.‘v Femur.! Ash feh
| \
Vg g Vg g g.
| S Control........... 345 56 91 2417 | 21437 | 5947
Fasted............ 345 ik} 97 2325 | -1358  5H8-42
23 . Control........... 376 59 103 2607 | -1534 1 58-83
Fasted............ 376 61 106 2477 | 1449 ‘ 3920
38 Control. . ......... 381 63 99 2562 | -1532 | 5978
Fasted............ 381 64 92 <1298 | 58-R6
43 Control........... 393 64 95 2552 | -1531 | 59-99
Fasted............ 393 65 103 22501 | -1477 | 5900
58, Control,.......... 341 69 73 2429 | 1479 | 60-90
Fasted............ 341 69 79 2306 1365 | 59-20
63. .. Control ........... 396 59 89 2387 1366 | 57-22
Fasted............ 396 60 106 2398 ¢ -1419 | 59-18
T Qe Control........... 334 56 62 2115 | -1250 | 59-12
Fasted............ 334 56 67 -1994 | -1155 | 37-93
89......c..... | Control........... 334 63 67 2145 | 1293 | 60-30
Fasted............ 332 63 | 68 22154 | -1304 | 60-57
9 Qo Control........... 360 s} 77 2644 | -1627 | 6156
Fasted............ 356 72 71 2278 | -1407 | 6185
109............ | Control........... 383 58 79 -2255 | 1324 | 58-70
Fasted............ 383 H8 8= 2119 | -1268 | 59-84
| I N Control........... 347 56 7 <2294 | -1397 | 60-89
Fasted............ ‘ 345 58 77 2196 | -1315 ' 59-89
|

* The results of all the experiments deseribed in this paper were analysed
according to the analysis of variance and covariance technique as set out by
Fisher (1936). :
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Tasre IT1.

Table of Means—Gan in Weight.

— \7\ | i | i ‘
I | | [ S.F Percent |
. L . ; Dl '8 0 s
“ Males. | Fo- | Differ | Differ- 2ge t. Signifi
| ! males. ‘ ence. o ] Differ- cance
| | 0 l ’ : ‘ ence.

_ - o A b _
- | : | ‘ S R,
Uhnadjusted .. .......... 1 94-42 r 72-80 | 21-61 f 5-21 ] 29-70 4-15 P. = 01
Adjusted for initial weight | 94-54 ] 72-66 | 21-88 } 4-71 | 30-11 4-65 { pP. = -0l
Adjusted for total food. . ( 91 -60 ‘ 76-21 [ 5-39 J 4-02 20-19 383 .= 01

! i I
i ’ ‘ } Percent | |
v, ! . . S.E. S -
| Con J Fasted f Differ J Differ. | g€ ¢ ‘ Signifi-
trol. | ence. 1 e Differ cance
‘J ‘ T ence
O S U
! | [
Unadjusted............ 82-72 | 86-45 3-72 { 1-987 | 4-5065 | 1-8758 | None.

Adjusted for initial weight | 83-15 | 86-03 2-88 { 2-214 | 3-4636 | 1-3008 | None.

TasrLe TV.

Table of Means.—Percentage Ash.

] Tver T
Control. l Fasted. % Difference. \ ?g}:rgti%e Di t?ef;nce \ t. ‘ Significance.
59-703 | 59-442 1 0-261 0-44 0-3553 0-735 1 None.
v ; b
| 5] « 3 I
Male. ; Female. Difference. ll)?éfrrgiie Di f?éfgnoe t. Significance.
|
[ ] |
59-177 60047 | 0-870 ‘ 1-47 l 0-5603 ) 1-553 None
‘ i )
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Tasre V.
Table of Means.—Weight (1f Femur.

\ | | ] Per-

i cent-
- Differ- S.E. age Signifi
. Males. \Females. ence. | Difference., Dif- b cance.
‘ ! I fer-
- D L I ence.
Unadjusted........... 0-2428 ‘ 0-2219 | 0-0209 |0-007,044 | 9-42 |2-9671] P. == -05
Adjusted for initial
welght.............. , 0-2425 ‘ 0-2223 + 0-0202 10-006,029 | 9-09 |3-3505 P. = 05
Adjusted for gain in
weight.............. I 02365 ‘ 0-2294 | 0-0071 0-011,250 i 3-10 {0-6311| None.
i
T T | ‘ r T Per- |
‘ ‘ | I cent-
[ | Difter- S.E. | age Signifi-
‘Contr(yl.‘ Fasted. | "0/ ce. ' Difference.| Dif- ; L4 cance.
1 fer- |
B ; I ence _
—_— ‘ ‘ 1 ‘ |
Unadjusted........... ‘ 0-2401 ‘ 0-2266 | 0-0135 |0-003,962 | 5-96 l‘% 4074‘ P.= 01
Adjusted  for initial | 1 ‘ |
weight.............. ! 0-2412  0-2255 | 0-0157 ‘0 003,763 | 6-96 4 1722, P. — -0l
Adjusted for gain in ,
weight.............. . 0-2430 | 0-2237 | 0-0193 0-002.725 | 8-63 ‘1 -0826| P. — 01
i

TasrLe VI
Table of Means.—1W el(//ll, of Ash.

— 0-0048 ‘()-()()143 3-44 [3-342 | P. = -05

‘ e
| SN O -
“ontrol. | Fasted. | Difference.; Differ- @ 280 1t | Signifi-
} [ Dif- cance.
| } ‘ enee., for- ‘ i
- } \ o | ence. | |
| .
Unadjusted. . ......... '-143,364 | 134,6821 -008,682 ‘ -002,686 |6-446 (3-2323| P. = -01
Adjusted for femur } |
weight.............. 11390 -1390 “ 0 001,240 0 0 | None.
\ |
I | B N P(’,Y'- ‘
) . cent-
1 ‘ N \ S. K. age ! Signifi-
‘ Male. | Female. Dlﬁemnee | Differ- Dhif t. ‘ CBNCO
! ‘ I ence. f(‘r: i .
‘ 3 ence \ |
— e EAhIE - -
Unadjusted........... () 1437 ’ 0-1334 | 0-0103 ‘O 00517 | 7-72 |1-992 | None.
Adjusted for femur !
weight.............. Ol?hSi() 1416

From the table giving the mean gain 1n weight, it iy clear
that in general the males gained ﬂg‘mﬁcantl\ more than the females.
the probability I being 0-01. This difference remained significant
even when the initial weights and total food intakes were equalised
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for the males and females by means of the analysis of covariance
technique. However, no significant difference was found in the
gain in welght between the control and fasted animals. Likewise,
there was found to be no significant difference in the percentage ash
(Table I'V) of tfemurs of male versus female or control versus fasted
animals. On the other hand, a comparison of the weights of the
femurs (Table V) shows that the bones of the males were significantly
heavier than those of the females (P =-05) but the significance dis-
appeared when the femur weights were adjusted for gain in weight.
Furthermore, it is of special interest that even five days after the
last two-day fast, and notwithstanding an equalised weekly consump-
tion of the same ration, the femur weights of the control animals
were significantly heavier (P=-01) than those of the fasted rats.
This duference remained significant even when the initial weights
or gain 1n weight of the control rats were made equal to those of the
fasted annmals. Tt would seem therefore that the fasting caused
some disturbance 1n the process of caletfication which manifested
itself In the form of lighter bones.

The results in Table VI show that the ash means of the control
versus fasted rats was significant at P =-01, but when weight of ash
1s adjusted for weight of femur this significant difference disappears.
This 1s according to expectation for it seems reasonable that the
lighter femur, caused by fasting, should have less ash. Tt is in fact
a verification of the result obtained when the percentage ash data
were analysed, namely, that the difference between the percentuge
femur ash of the control versus fasted rats was insignificant.

The male versus female ash means show no significant difference.
On  adjustment. for femur weights, a significant difference does
emerge, but in view of the fact that this significance 1s not supported
by an analysis of the percentage ash data, 1t 1s not wise to attempt
an explanation at this juncture.

Eapertment 2.—Food Utilization.
1L

White rats of about three to four weeks of age were used 1n
this experiment. lach animal was kept in a separate cage with a
raised screen bottom. In addition to distilled water to which the
rats had always free access they were fed ad libitum a ration the
composition of which iIs given in Tablel. The total food consump-
tion for each animal was recorded. The rats were weighed once
weekly.

After the animals had been fed the ration for four weeks, their
efficiency quotients were calculated according to the method of
Palmer and Kennedy (1929).* They were then paired with respect
to sex and efficiency of food ut”™ " ation and fed the same ration and
distilled water for another sixteen weeks when thev were about 53
.months of age but not yet fully grown. There were thirteen pairs
and one animal out of every pair was fasted for two days out of
every seven as described previously. In the case of seven pairs only

* The dry matter only, not the digestible dry matter, was used in these
caleulations.
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the total food intake for each animal was recorded (ad Iihitum
feeding) whereas the food intake of the remaining pairs was so
regulated that the total food consumption for each week was the
same for the control rat as that of iis fasted parr mate (equalised
tood intake). The efficiency quotients were recalculated for the last
sixteen weeks. The vesults obtained with the rats fed wd libitum
are tabulated in Table VII. The findings of a statistical analysis of
these results are presented in Tables VIII, 1X and X.

Tasre VII.

Food (tilization as affected by Starvation (Ad Libitum food
consumption).

|
o I | .
Pair No. | prelimi. T J Initial | oy | Mean ‘ Total | Experi-
' | nary I'recatment. - Gain. . S mental
and Sex. | R0 ‘ ‘\f\ elght.‘ ‘\V(’,lght.i Food. E.Q.
|
| ‘ e | e e ]
bog g z. g.
| S AP } 254 ‘ Control........... ‘ 182 285 3354 ‘ 1,887 | 1-97
2-45 Fasted............ 180 } 134 ‘ 254 -4 1,277 ‘ 3-75
23 i ‘ 2-34 ‘ Control........... ‘ 191 ‘ 25() 3478 ‘ 1,834 | 2-11
2-34 Fasted ............ 193 154 2966 1,526 ‘ 3-34
38 . Co2.24 ‘ Control........... 195 187 ‘ 3078 ‘ 1,484 ' 258
| 225 | Fasted....ooooonn. ‘ 108 ‘ 167 ‘ 3017 | 1,541 ( 3-06
42 3-76 Control........... 143 107 213-9 1,337 | 5-84
| 3.77 | Fasted.. ... | Lss |95 21006 | U265 | 6-32
50 . 3-94 Control........... 139 127 ’ 217-8 | 1,503 ‘ 5-43
[ 3.96 ‘ Fasted............ ‘ 131 ‘ 98 ‘ 195-9 ‘ 1,149 | 5-98
6% e, 4.02 Centrol........... r 133 109 197-0 ‘ 1,264 ‘ 3-89
4-05 ‘ Fasted.......... .. 141 ‘ 95 ‘ 196 -1 1,195 | 6-41
T ‘ 4-31 ‘ Control........... ‘ 129 | 93 185-1 ‘ 1,180 ‘ 685
4-41 Fasted............ | 130 108 | 1948 | 1,170 ‘ 5-56

Tasrr VILI.

Table of Means.—Gain in Weight on ad libitum Food Consumption.

. - S
‘ ‘ ‘ S.E. [ Percentage ‘

Males. ‘ Females, | Difference. Differenc.. ‘ Diffsrence. ‘ t. ‘Signiﬁcance.
i
N | | | | s b o1
196-2 | 1040 922 | 8-8846 | 88-65 | 10-374 P, = 01
| [ ; |
] N QR | Percont: ] o
Control. | Fasted. | Ditference. ‘J l)if’?e;r};;me | }D(;g:rr;?(‘gte “ t. Significance
} | €. rence.
165-4 ‘ 1216 | 43-8 i 16-61 } 36-0 ‘ 2-64 “ P.= 05
| ! ‘ I I
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TapLe XIV.
Table of Means—Eficiency Quotients.

. . Tt o f S.E. ‘ Percentage (O
Females. Males. | Difference. ‘ Difference. - Difference. t. ‘Slgmhcance.
. | !
_ ‘ ‘ ‘ ‘
7-39 [ 2-95 | 4-44 l 068 150-51 [ 6-53 ‘ P, = 01
|
. | | SE.  Percentage|
. e . . S.E.  Percentage ‘ Significance
Control. ‘ Fasted. ‘ Difference. ‘ Difference. J Difference. ‘ t. Significance.
‘ T T |

569 ‘ 465 ‘ 1-04 6071 22-37 1-71 ‘ None.

From Tables XIT and XIIT it is evident that the males consumed
significantly more food than the females and also made much better
gains (P.=-01). From the mean efficlency quotients given in
Table X1V it is clear that the males agaim utilized their food
significantly better (see also Table X) than the females which sub-
stantiates the results of Palmer and Kennedy (1931), Morris, Paler
and Kennedy (1933) and Kellermann (1938, 1), (1938, 2), (1938, 3).
However, no differences were found hetween the gain in weight, food
intake or efficiency of food utilization of the control animals and the
respective values of the fasted rats.

Taking the results on food utilization then as a whole one 1s led
to the conclusion that, in the rat and under the experimental con-
ditions, short periods of abstention from food had, per se, uo
beneficial effect on food utilization and subsequent growth.

- ¢ .
II.S‘NH(‘) (()}’I'I])(/,S‘T/l(l?[.

At the conclusion of the experiment and five days after the last
fast the seven pairs of control and fasted animals that were fed
ad libitum (see Table VII) were killed by a blow on the head.
Their livers, thigh and back muscles (on each side of spine) were
dissected for analysis.

The livers and the muscle tissues of the control rats were pooled
separately and finely ground by passing them several times through
a small meat mincer. The tissues of the fasted animals were treated
similarly and appropriate samples immediately weighed out for the
determination of water, ash, protein and fat. The chemical deter-
minatio  were made according to the methods of the Association of
Official agricultural Chemists (1935). The water was determined in
a Heinz standard ground vacuum apparatus. The apparatus was
run under high vacuum for 20 hours at ca. 20 mm. Hg. and the
temperature never exceeding 40° C. The ash was determined by
ignition to a dull redness in an electric furnace, fat by extraction with
ether, and the nitrogen by the Kjeldahl method. The protein was
calculated from the total nitrogen by use of the factor G-25. The
results are presented in Table XV.
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Tavrw XV,

The Composition of Fresh Tissues of Control and Fasted Rats.

ContrOL RaTs. FasTeD RaTs.

[
|

Perceuntage. [ -
|

Liver. ‘ Muscle. Liver. ‘ Muscle.
I
) oo | | wrs | oer
Water ..o e 6774 | 66-71 67 -84 67-67
Protein...... ..o 2111 20-87 21-51 ‘ 20-61
Fat.. . 3-90 12-31 368 10-07
‘ 1-39 1-15

ASHe s 1 .41 ‘ 110 ‘

From a comparision of the values of the control rats with those
of the fasted ones, it 15 evident that the periodical short fasts had no
appreciable effect on the composition of the liver or muscle tissues.
These results are therefore in support of the work of Lee and Lewis
(1934) who also give a good review of the literature on the effects of
fasting on the composition of tissues.

SUMMARY.

1. Data are presented on the effects of short intermittent fasts
on bone caleification, food utilization and tissue composition,

2. No significant differences were found between the percentage
ash of femurs of males versus females or control wversus fasted
animals.

3. No significant differences were found hetween the control and
fasted animals with respect to food utilization but the males made
uniformly better use of their food than the females.

4. Tutermittent periods of fasting had no effect on the composi-
tion of liver and muscle tissues.
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