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Ix his study on the variations in reaction of rafs to different  efs
Bloomficeld (1937) observed that when a series of rats of the same
breed and of approximately the same age was placed on a defective
diet, there  were  great  individual  variations in weight  loss.
Repetitions of the experiments after weight loss had been restored
by a normal diet showed that, on the whole, the animals which lost
most weight i the first instance did =0 wgain and rice rersa. Inoa
further study ifrench and Bloomfield (1937 stated that  rats which
Irave Tost weight as the vesult of a defective diet and have then been
restoved to " normal T by stoek ration show o more rapud weight Toss
i now placed for a second time on the same defective diet. This
“secondary rapnd weight loss 7 may occur after ax long an interval
as S0 davs between the first and second pertods on defective diet
The auwthors, therefore, believe that they have established what may
perhaps he called a state of  latent deficiency 7" Unfortunately.
Irench and Bloowtield did not measure the food intake and they «id
not state whether their animals were kept on seveens or whether fhey
were allowed access to their excrefa.

Fnasmuch ax Souwth Africa 15 known for its pertodical droughts
and adverse seasons, w large percentage of the livestock in this country
must sometimes exist for prolonged periods on food probably very
deficient tnoone or more respeets. I sueh periods follow one another
in close succession, as is sometimes the case, and if the observation of
Freneh and Bloomfield also holds frue for farm animals, it is obvious
that this phenomenon should he of great importance to the Hvestock
duastry i this country. The following experintents were phoimed,
therefore. with the object of further investigating this problem.

oxPrrisiENTAT,

Young mature vats of the same breed and of approxinmately the
same age were used in these experiments. Thev were raised on the
colony stock ration used in this laboratory.  Before being put on the
detective  diets. they were fed for one week on the synthetic
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TEEDING OF A DEFICIENCY DIET.

{experimental) stock ration used in these experiments. The rats
were then fed, in addition to distilled water, diets * that were
defective in various respects. The number of rats on each diet varied
from 12 to 24 with an even number of males and females in each
group. IKach rat was housed in a separate cage and, with the
exception of experiment IV, kept on a wire screen. The animnals
were weighed every other day but were fed daily aud the total
individual food consumption for every two days recorded  The
composition of the steck and defective diets is given in Table

-

TABLE T.

Comprostrion or Rartons v Prrorxtacr ny WErGur.

Experi-

I
i Dlot Iow ‘ l)let Jow

Colony tal } | Dict

Stock | 122" i ; A% 1t<1m1m ‘ \1tamms, \ low In

Diet.* ‘ f ) ote i and Minerals * Proteins.

l fef. | Minerals. , and Bulk.
! |
| .

Yellow maize meal........... 60 | — — ! - —
Lingeed oil meal............. 12 i — — i — oo
Crude caseint. ............... ) 10 ‘ 20 20 , 20 -
Dried browers’ veast \ 5 i 8 — ' — 4
Lucerne meal. ... ... ‘ 3 i 7 — -— 2
Butter fat. . ....o.ooveonn.. .. ST - S -
Beot liver (dried at 70° C.).. .. 2 — | — —- —
Boneash................... ; ] — | — —
Cod liver oil 1 5 | — 31
CaCOy. oo 0-5 1 - — 1
NaCleee e 05 0 — I — —
Dextrinized starch........... - 3 625 65 \ 72
Lard..... ... .. ... ... ..., - 0 15 15 10
Salt 400 ... | 4 —- - 4
Agarc.oo o i — - 2.5 2

* Plus tap water and fresh, whole milk «d Tibitum.

t The oxperimental stock ration used by French and Bloomfield to restore their
depleted animals to normal weight was the same as that of Addis and co-workers (1926).
The ration consists of maize starch 44, casein 16, lard 14, cod liver oil 10, salt mixture
(Osborne and Mendel) 4, yeast 10, and lucerne meal 2 parts by weight. This ration seems
to be complete in every respect and no doubt not infervior to the experimental stock ration
nsed in this laboratory. Thercfore, it is improbable that the difference in weight lost by
rats dnring the first and second trials on the defective diet was due to the intermediate
feeding by French and Bloomfield of a stock ration which was in itself not optimum in
every respect.

I The composition of Salt 40 was similar to that of Steenbock and Nelson (1923) as
modificd by Keenan and others (1933).

Altogether there were six experimuents. A description of these is
given below and the data obtained on weight loss and food intake
during these experiments are summaurised in Table TI. TFurthermore,
the average curves of each group for weight loss, food per rat per day.

* AH the mnthetlc food mixtures were stored in a refrigerator. and. in
order to prevent the development of rancidity, ouly cumough of each ration
to last for ahout three to four davs was mixed at a time.
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J. ¥. KELLERMANN,

and food per 100 gm. rat per day, are given in figures I to VI, The
solid  nes are curves during the first trial on defective diet, the
broken lines repr esent the second trial. In all the e\penmen‘rq the
initial body weight is tfaken as 100 and the changes are expressed in
actual grams iost per day.

Faperiment 1.

The 12 animals in this group were fed the vitamin and wineral
low diet (hut containing 2-5 per cent. agar) for 45 days when they
had lost on the average about 21 per cent. of their bodv W ewh‘r
Thex wer~ then returned to the svnthetic stock diet until they Tad
regained  eir former weight and were then again fed the deficient
diet for another 38 days. It is of interest to point out that seven days
after the animals had been removed from the defective diet (after
first trial with weight loss of 21 per cent.) and placed on the
experimental stock diet, they weighed on the average 23 grams more
than when they were first started on the deficient diet. In other
words, the rats made an increase of 41-4 per cent. in body weight
whereas during the week previous to the first trial on the defective
diet they only gained 10-7 pev cent. in body weight on the same
diet. The indication of a stimulating after-effect of partial inanition
on growth therefore supports the results of Kopec and Latyszew |
(19: 5‘)) obtained with mice. The remarkably quick recovery is also
reflected by the food intake. During the seven days hetween the
first and second ftrials on defective diet the anlinals consumed on the
average 15-3 grams of the stock ration per rat per day or 7-5 grams
per 100 gram rat per day whereas during the week previous to the
first trial on defective diet they consumed 12-Y gm. of the stock
ration per rat per day or 6-1 gm. per 100 gm. rat per day.

The curves in I'ig. 1 show that the males lost less weight during
the second trial on defective diet than during the first but also
cousumed slightly more food during the second trial than during the
first. Lor the first 11 days the females also lost less in we 1"ht and
consumed more food per rat per day during the second trial than
during the first.  After that time the curves crossed and the general
picture was just the reverse. Because the difference in weight lost
during first and second trials on defective diet seems to be a true
reflection of the difference in foed intalke, it is difficult to resist the
conclusion that, under the experimental conditions, the change in
welght on defective diet was due primarily to the change in food
intake.

FEaperiment 11.

As the resulls obtained in experiment I do not support those of
French and Bloomfield (1937), the experiment was repeated with
12 male and 12 female rats. These animals were fed the same
deficient diet used in experiment I for 25 days each during the first
and second trials.

From the curves given in Ifig. 2, it is clear that the males again
reacted as in the first (X\peument The change in weight curve of
the females 15 in agreement with those found by Trench and
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FEEDIXG OF A DEFICIENCY DIET

Bloomfield in so far that the females lost appreciably more in weight
during the first 12 days of the second trial than during the same
period of the first. For 8 out of these 12 days the animals even
(onsumul more food per rat daily during the second trial than
during the first but, when expressed on the basis of a unit hody weight
(100 gm.), they actudlly conswmed less during the second than durlng_
the first trial which may again help to account for the difference in
weight lost.

Erperiment 111,

The deficient ration used in the two previous experiments
diff 1 ration used by I zh and Bloomfield only in so
far aus it also contained 2-5 per cent. of agur. DBecause of the
difference between the vesults of these investigators aud those of the
writer, it was decided 1o omit the agar from the diet in order to see
to what extent the agar was responsible for the discrepaney in results.
The rvesults obtained with 6 male and 6 female rats arve depieted
graphically in I'ig. 3. The males again lost less weight during the
second irial than during the first whereas there was hdrdlv any
difference between the weights lost by the females during the first
and second periods on defective diet:; and it is evident, therefore,
that the agar was not the cause.of the difference in results obtained
1u the two laboratories..

Faperiment [T

French and Bloomfield did not state whether thelr animals were
Kept on sereens or not and 1t is possible, therefore, that their animals
had access to thelr own excreta and that (()pl()phdg‘V took place. Tn
m(le thevefore, to study the effects of a free access to excreta on

the food intake and weltrl‘r lost on a defective diet, 12 animals were
kept on wood shavings in individual cages and fed the deficient diet
used 1n experiment [T1. The curves given in Lig. 4 show again  at
the chavge in weight and food intake of the animals did not ditfer
much durine the first and second trials on the same diet.

FEapertment V.

In view of the fact that, during the dry seasons the pasture in
south Africa 1s of such a poor quality, the livestock. under ranch
conditions, may not only suffer from a periodical vitamin (especially
vitamin A) und o widespread mineral (Theiler and others, 1920, 1924,
and du Tort and co-workers, 1932 :uld 1935) but also from a protein
(Henvicr, 1932a; 1932b, Henrici and Potter, 1934, and Smuts and
others, 1939) shortage, a fourth group of 6 male and 6 female rors was
included on a protein deficient ration. The ration was comy te 1n
every respect except that it was very low in ])10‘[911“ Lt only cemtained
aboul 0-34 per cent. nitrogen as supplied by the yveast and rcerne
meal supplements.  The first and secoud periods on this ration
occupled 44 and 35 davs respectively. The curves given in IYg. H
show that, on the whole, there are no appreciable differences in the
performance of the animals during the first and second trials on the
low protein dict.
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FEEDING OF A DEFICIENCY DIET.

TABLE
SuMMary or Data ox Werar Loss axp Foop INTAKE or Grours oF RATS DURING
— = i
é\;lggngé‘ercl’f. hKlr]:illr]rolt;rls(.)f Sex. Dietary Deficiencies. Trial.
Weponpssi: v s » s webemitions 6 Males......cooounnnnn.. Vitemins and minerals.................. Bapgls oo s wammera s s 5 0%
Vitamins and minerals.................. Second................
6 Bemalas. . < . ; « 5 commis v Vitamins and minerals.................. BTV ol S5 e er v 1 YT
Vitamins and minerals.................. Beeondiss s s s saeps swed a2
IL: s smmswsosass 12 Males: s sowsimn sz smpmvses | ViEADAIng and. mianerals. ... .. evssmasvses Birst. ..o
Vitamins and minerals.................. Heconds ¢ s wrsvmiesuew
12 Females: : s o193 wwwwnass Vitaming and, minerals...c..:ssesumesvss BEE: o 55 505 annced & 5
Vitamins and minerals.................. Second. .. ... ...,
TE. ....c: oo msmon i sscnsis imsota 6 Males.................. | Vitamins, minerals and bulk............. Birst s s o555 swmwasssans
Vitamins, minerals and bulk............. Second. ........c..nn.n
6 Hemales., . .« 5 canssdan sy Vitamins, minerals and bulk........... . B 0 3 1
Vitamins, minerals and bulk............. Second . ;s s puwmpassaan
IV & wosmmns v 8§ 5 96 6 Males: ; sonmwss v ovsos 15 ¢ Vitamins, minerals and bulk............. BHEEEL. 1o s 05 i summimnsnii i & 30
Vitamins, minerals and bulk............. Second. ...............
6 Bomiales.. . . « s« swwmsmomios Vitamins, minerals and bulk............. Firste..oovievenecinnns
Vitamins, minerals and bulk............. Second. . ...
b T T T T 6 i\ L R PR OIS arers: o acssmrarennse sty ety 4 e 95 First. ...
Proteinses s sevs s o5 samvmes s 98 60 weda iy v Seconids v s cvwvwazisnses
6 Eemales. s cscsmsnazss PROEEITE. . « o vt 50 moo s iibisin 5 5 5 Sraisien # 5 55 7 53 e
P O OB i o . 6 o g il 5 5 6 el £ o %S Second............ ...,
VI comns s s wmwass 6 Mialos. s onsunpsnmming s Starvation but water allowed............ First 188t . ceoirne o os oo
Starvation but water allowed............ Second fast............
6 Females......ccoo0usee Starvation but water allowed............ Birst fasticmswsmessiss
Starvation but water allowed............ Second fast............
* The signs — and 4 signify respectively
21 p205-206 p205-206 (cont.) —
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+ FIrsT AND SECcOND TrIALS ON VARIOUS DEFECTIVE DIETS AND STARVATON.

J: M

KELLERMANN.

\ AVERAGE CHANGE IN BODY WEIGHT.* GRAND AVERAGE FOOD CONSUMPTION.
!
Weight % For first 12 days. i For first 24 days. For first 12 days. For first 24 days.
Grams. -
‘ Per Rat | Per 100 gm. | Per Rat | Per 100 gm.
Grams. Per cent. Grams. Per cent. per day | Rat per day | per day | Rat per day
l Grams. Grams. Grams. Grams.
237-7 —14-4 — 6-1 —31-0 —13-0 I 86 37 7-4 3-3
251-8' + 35 + 14 — 5-3 — 21 11-8 4-6 10-3 4-1
l78~4v' — 6-4 — 36 —19-0 —10-6 7-3 4-2 6-4 3-8
211-0 — 9-4 — 44 —39-4 —18-7 8-9 4-2 6-4 3-2
282-4 —15-0 = .5-3 —29-2 —10-3 9-4 34 8-1 30
295-5 — 4-0 — 143 —20-7 — 70 10-6 3:6 9-0 gl
205-7 - 77 — 3-7 —23-4 —11-4 73 3:6 6-2 b2 B
207-7 —12-2 — 59 —26-2 —12-6 6-3 3-2 5-5 2-8
256-7 — 2-5 = 1= —10-9 — 4-2 10-7 4-2 9:9 39
256-8 + 7-9 4 3-1 4+ 1-1 + 0-4 ‘ 11-6 4-4 10-6 4-0
172-8 — 2-5 — 15 — 5-3 — 3-1 7-6 4-5 7-5 4-4
179-5 — 0-5 — 0-2 — 9-3 — 52 8-1 4-5 7-0 4-0
273-0 — 85 — 3-1 —10-3 | — 3-8 i 9-5 3:6 9-2 35
282-8 + 4-4 + 1+6 — 05 — 0-2 ‘ 10-6 347 9-6 3-4
211-5 — 56 — 2-6 —12-4 ; — 59 ‘l 8-8 4-2 8-0 3-9
212-5 — 15 — 07 — 9-0 —~ 42 | 8-6 4-1 7-9 3.7
232-8 —38-1 —16-4 —52-8 —22.7 1 9-3 4-3 9-1 4-6
236-0 —33-1 —14-0 —50-6 —21-4 ‘ 8-7 39 8-6 4-2
198-9 —28-2 —14-2 —41-9 —21-1 ‘ 79 4-2 7-6 4-4
199-3 —25-9 —13-0 —39-2 —19-7 | 7-8 4-2 73 4-3
For first| 8 days. For first| 16 days. {
409-4 =79-8 —19-5 —140-1 —34-2 ‘ — — — —
401-6 —175-5 —18-8 —124-8 —31-1 — — = —
298-9 —57-7 —19-2 —99-3 —33-2 — — — —
290-3 —57-1 —19-7 —92-7 —31-9 ! — — = s

loss and gain in body weight.

p205-206 (cont.)



J. H. KELLERMANN.

Eaperiment V1.

In order to malke the experimental conditions as drastic as
possible, a group of 12 (6 males and € females) adult rats were
starved, except for distilled water, for 16 days each during the first
and second triais. The curves given in I'ig. ( show that the animals
lost weight at an equal rate during the first and second fasts.

SUMMARY.

(1) Data are nresented on the change in body weight and food
intake of voung re rats dur v the first and second trials on
diels deficient in minerals and vitamins; minerals, vitaminsg and
bull; and proteins. Data are also given on the loss in body weight
of rats during first and second fasts.

(2) The results show that, under the experimental conditions,
rats which have lost weight as the vesult of a defective diet, and
have then been restored to normal weight by stock ration did not
show, as was found by Irench and Bloomfield, a more rapid weight
loss, 1f now placed for a second time on the same defective diet. As
a matter of fact in the majority of cases the animals lost slightly
less weight during the second than during the first trial on defective
diet.  This was frue no matter whether the rats had free acecss to
their own excreta or not.

(3) Similarly, the food intake of the rats did mnot differ
appreciably during successive periods on the same defective diet.

CONCLUSION.

There seems to he a positive relationship between the chares in
daily food consumption and the change in body weight. ;s
probable, therefore, that the reason why the animals of French and
Bloomfield lost more rapidly in weight during the second than during
the first trial on defective diet, was not because of a °° latent
deficiency ”” but because their animals consumed, on the whole, less
food during the second than during the first trial on defective diet.
Why that should have been so, is difficult to say, but it is possible
that the palatability of their ration was not as good during the second
as during the first trial.

REFERENCES.

ADDIS, T., MCKAY, J&. M.. and MCKAY, T.. I.. (1926). The effecct on the
kidney of the long continued administration of diets containing an
excess of certain food elements. 1. Excess of protein and cystine.
J. Biol. Chem., Vol. 71, pp. 139-156.

BLOOMFEIELD. A. T.. (1937). Individual variations in susceptipility to
dietary deficiency, J. Nutrition, Vol. 14, pp. 1l11-116.

DU TOIT, P. J., MALAN, A. 1., LOUW, J. G., HOLZAPFEL, C. R., and
ROETS, G. C. S. (1932). A study of the mineral content and feeding
value of natural pastures in the Union of South Africa (First Report).
18th Itep. Dir. Vet. Ser. and Anim. Indust., pp. 525-577.

207



FEEDING OF A DEFI1CIENCY DIET.

DU TOTT, P. J., MALAN, A. 1., LOUW, J. G., HOLZAPFEL, C. R., and
ROETS, G. (1935). A study of the mineral content and feeding value
of matural pastures in the Union of South Africa (Third Report),
Onderstepoort J. Vet. Sci. and Awim Indust., Vol. 5, pp. 201-214.

FRENCH, L. R. and BLOOMFIELD, A. 1. (1937). ¢ Latent Deficiency ™’
in rats: Variations in weight logs on repeated feeding of a defeetive

diet, J. Nutriton. Vol. 14, pp. 117-129.

FLENRICT. M. (1932). South African Pastures: Their mineral and protein
content, Farminyg in South Africa, Vol. 7, pp. 245-248,

HENRICI, M. (1932). An investigation of the coutent of phosphorus, calcium
and protein of grasses in the coastal region of Natal and Southern
Zaiduland, Seci. Bull. 115, Dept. Agric. of Union of South Africa, 30pp.

HENRICI, M., and POTTER, P. E. (1934). An investigation of pastures in
the Eastern Province and Albama Districts, Sei. Bull. 134, Dept. Agric.
of Union of South Africa, 36 pp.

KEENAN, J. A, KLINE, O. L., ELVEHJEM, C. A., and HART, E. B.
(1933). New nutritional factors required by the chick, J. Biol. Chen.,
Vol. 103, pp. 671-685.

KOPEC, S.. and LATYSZEWSKI, M. (1932). Untersuchungen iiber das
Wachstum der Miduse unter dem Kinfluss intermittierender Ifitterung.

1. Darreichung unvollwertviger Nahrung., Abwechselnd mit vollstandiger
Kavenz, Biol. fleneralis, Vol. 8, pp. 163-178, Biol, 4bst. (1934). Vol. 8§,
p. 1157,

SMUTS. Do B, MARALS, J. S0 €, and LOUW, J. G. (1939).
requirements ot sheep on winter pasture in the Transvaal.
South Africa, Vol. 14, pp. 153-155.

STEENBOCK. H.. and NELSON, K. M. (1923). Light in its relation to
ophthalmia and growth, J. Bol. Chen., Vol. 56, pp. 355-373

TAEILER, A., VILJOEN. . R., GREEN, H. H., DU TOIT. P. J., and
MEIER. T, (1920). The cause and prevention of lamziekte, J. Dept.
dgric., South Africa, Yol. 1, pp. 221-224,

THEILIER, A., GREEN, H. H.. and DU TOIT. P. J. (1924). TPhosphorus in

the live stock industry, J. Dept. Agric., South Africa, Vol. 8, pp.
460-504.

The protein
Farming in

208



KELLERMANN.

H.

.

‘[RLI} PUODIDS

oy} juesardal saul] usyoud( o) ‘18Ip 0AIJO0JOP U0 [BLI} SIY Fulnp SOAIND It
soml] pros o (3%} 90%) T juwdwrradxgy wory wep jo ydewan—1 B

e

-0

ECCEEEECEE

a

8t~

Ll—

@

vi—

gi—

=9

) (=]
e
[

wo© o~ ©
b b
swe  pydiem u) a8uey

<+
|

~O— pel
—o~ __ P

—a -

mm—vm_mmTu__ wF_m—T—T—TF_ST_T#

IEENRCEECEL

‘sAeg

SHIVIY

LNMITHHINXH

81—

Ll—

vl—

el—

Zl—

“1ydem ur adueyn

‘swip

209



DEFICIENCY DIET.

A

QI

FEEDING

CrEEEERCRL

|

AL e o

AT |

.:i::.:::r;

QMWNTN_S_,:_&_m;m—_t_m__f_i_ST;_P_o__ m_ w_ p_ w_ m_ v_ mT_ L
‘sAeq

LAy

AN THH AN

i n
o o
o =
(=8
°
o ©
bl g
8 8
L ™
. 7
5 S
z 4
™ kel
4 ]
o a
/Mulh,.a\,u B
mv T T 9]
[ jcc_cc_.c_cc_c._i_tT, m__ﬁ_m__m% __ogu "Lp_ m_ ] _ L m_u _, 3 mm_vmima_mw_&_om_m;w__ET__m__i_m__m;___Q_T_ w%L m_ s|¥| m_ L_ El
; . ] ‘
‘sheqy ‘sAeQ
—
€ =€
14 a4
S
9
L ?
2
g 2 &
2 o
N g
6 o g
o0 g 3
e 3
(T S
e
e
Zl m 5
Q
e o
e 3 <
Y
a (o)
L4 vl 3
o 4
\ st g st
4
/onm_ 49t
71 sl
181 8t
61 i

210



Change 1n weight in ¢

Average food per rat per day, Gms.

Food per 100 g. rat per day. Grms.
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Fig. 2.—Graph of data lrom Bxperiment Il (see text).

Change in weight. Gms.

Food per 100 g. rat per day. Grms.
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are curves during first trial on defective diet, the broken lines represent the

second trial.
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Change in weight. Gms.
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Iig. 3.—Graph of data from Expertiment 11T (see text).
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EXPERIMENT IV.
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Fig. 4. —Graph of data from Experiment IV (see text). The solid lines
are curves during first trial on defective diet, the broken lines represent the
second trial.
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FEEDING OF A PEFICIENCY DIET.
EXPERIMENT VI.
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Fig. 6.—Graph of data from Experiment VI (see test). - The solid lines
are weight curves during the first fast, the broken lines represent the second
fast.
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