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Feeding Vitaminized Peanut Butter to Rats to 
Confirm Chemical Assays of Vitamin A. 

By S. J. MYBURGH, Section of Biochemistry, Onderstepoort. 

CHEMICAL assays for Vitamin A in prQducts of animal ongm, have been 
utilized by many workers since the colour tests of Carr-Price (1926) were 
standardised and the extraction and evaluation· of the vitamin was advocated 
by Moore (1930). Since then the standardised chemical method has been 
found to be of practical value giving valid results, which may not actually 
be precise, but time-saving, simple and cheap, compared with the laborious, 
expensive, but more accurate biological methods. 

Evidence has been presented by various workers, Rosenheim and 
Webster (1927), Wokes and Willmott (1927), Ahmad and Drummond 
(1930), Moore (1931), to show the practical value of the colour reaction as 
a means to assay Vitamin A in liver oils, etc. 

The purpose of the present work was to obtain confirmation for :r:esults 
obtained on vitaminized peanut butter by the application of the chemical 
method. Repeated assays, on samples of this butter to which vitamin A had 
been added in the form of fish liver oils in the processing, gave an average 
value of 69 International (I.U.) per gram peanut butter. In employing 
the biological tests, the doses given were calculated from this value, which 
was obtained by chemical means. Thus small doses of 30 mgm. then 
represent 2·1 I.U. of vitamin A per dose. 

ExPERIMENTAL. 

Series No. 1. 

Young rats (males and females) at weaning stage and three weeks old, 
were used. The rats ware of nearly tlie same age and had low reserves of 
vitamin A in their livers. This was established by slaughtering a few rats 
and an average value of about 10 I.U. of vitamin A for the whole liver 
was found. 

Precautions were taken -to ensure this low reserve by feeding the mother 
rats the deficient diet after the second week of lactation; the young sucklings 
could thus not enhance thBir reserves by nibbling the feed or feeding 
thereon. It is very essential t:Q.at' the young rats should not have too high 
a reserve of vitamin A in the livers, as pointed out by various workers 
(e.g., Davies and Moore, 1937), since the depletion period would thereby be 
unnecessarily prolonged, and may be extended from weeks to months. That 
the young rats do build up a substantial reserve in their livers when feeding 
on a diet rich in vitamin A, was indic~ted by these authors (1937). 
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Body weights were recorded at short intervals and the increase in body 
weight was used as a criterion of vitamin A . deficiency. The percentage 
1:omposition of the vitamin A-deficient ration is given below:-

Modified 
Bacharach 

(1931) 
Ration. 

Casein (ether and alcohol extracted) 18 · 5 - gm. 
Dextrinised Starch . . . . . . . . . . . . . . . . . . 50 · 0 gm. 
Lard ... ... . ...... ·.. . . . . . . ... ... . .. .. . 12·3 gm. 
Yeast ... ... ... ... ... ... ... ... ... ... 10·0 gm. 
Canesugar . . . . . . . . . . . . . . . . . . . . . . . . . . . -4 · 08 gm. 
Salts [Kellermann (1939)-Modified 

Steenbock (No. 40] . ................ . 5·12 gm. 

Fresh water and feed were supplied daily ad lib. General care was 
exercised, such as ventilation and temperature control of the rathouse, 
hygiene, exercising the rats for 10 minutes every day in direct sunlight, etc. 
. After a :preparato_ry p_eriod of depl~tion of vitamin A-reserves, prac­

tically none, If any, v1tamm A '\'as left m reserve, after 43 days, when the 
curative period was started. A few rats w·ere slaughtered at this stage and 
liver assays proved that the vitamin A in the livers was completely 
exhausted. The biological tests were done according to the technique 
described by Coward (1938). For the curative period the rats (with depleted 
livers) were grouped by using the Random Numbers of Fisher-3 males and 
2 females in each of three groups, according to body we!ght. 

This experiment served as a preliminary test to enable the author- to 
ascertain whether the doses given in the biological feeding tests ensured 
normal growth or not. The vitaminized peanut butter was, therefore, fed in 
small doses. Such preliminary feeding tests to obtain the minimum dose 
necessary to ensure normal growth, were advocated by Hume and Smith 
(1928). For example, 0 · 5 gm. butter daily would not suffice for normal 
growth when fed to rats, but caused premature flattening in the growth 
curve, whe:reas 1·0 gm. butter daily gave a 'normal growth curve to maturity 
(Hume and Smith, 1928). . 

According to Goss and Guilbert (1939) the minimum daily requirement 
of rats for nprmal growth, etc., was 18-22 I.U. of vitamin A per Kgm. body 
weight. Calculated on this basis, a male rat (178 gm.) needs 3·2-3·9 I.U. 
daily and a female (138 gm.) needs 2·5-2·75 I.U. daily. 

Group A (3 males a;nd 2 females). 
The deficient ration was fed ad lib. Fish Liver oil (diluted down with 

olive oil to the appropriate strength) was administered . daily, at the 
rate of 2 ·1 I. U. of vitamin A per rat daily. 

Group B (3 males and 2 females). 
The deficient ration was fed ad lib. Vitaminized 'Peanut butter (the 

butter itself ~acked vitamin A) was fed at the rate of 2 ·1 I. U. of vitamin A 
per rat daily. In processing, the same fish liver oil was used in the pe~nut 
butter, as for the sample dosed in Group A. Bi-weekly dosages of peanut 
butter were employed as advocated by Coward (1934). 

Group C (3 males and~ females). 
The deficient ration was fed ad lib. The vitaminized peanut butter was 

fed in portions equivalent to 4·2 I.U. vitamin A per rat daily. Bi-weekly 
dosages were given. The feeding of the peanut butte!,' was as follows: The 
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doses were weighed out on glass slides in flat bottom glass basins (Petrie 
Basins), so that the rat could not take the slide in its mouth. In this way, 
by close observation, one could make sure that the animal had consumed 
all. By moistening the butter with a drop or two of olive oil, the rats gave 
no trouble at all and readily devoured the small quahtity of butter given 
them. W eighings were carried out, at first weekly, then bi-weekly, and in 
the last stages of the preparatory period, when the weights became constant, 
daily. In the Curative Period the weighings were carried out every second 
day or daily. 

GROUP A (Series No. 1). 
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Series No. 2. 

In a second series of tests where rats w/ re given vitamin A, improve­
ments were made on Series No. 1. 

Here equal numbers of males and females were used in each group, 
which was increased by one animal. In the three groups there were thus 
six animals each. Group D. was the control (where no vitamin A was given). 
Group E was given vitaminized peanut butter at the rate of 60 mgm. 
( = 4·2 I.U. Vit. A) per rat daily. Group ~was given 120 mgm. ( = 8· 4 
I.U. Vit. A) per rat daily. 
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It was obvious from the preliminary tests that waiting overlong for the 
rats to become steady in weight in the preparatory period, before initiating 
the c-qrative period, resulted in a slow response of some ' rats to curative 
treatment. There was a lag in growth response and the rats concerned 
could not compete with their group mates. As a result such a group, where 
this setback occurred, could not compete with another group where 
no such setback was found. The females were most liable to such 
behaviour. In the 2nd series, the rats were carefully observed and when 
about 60 per cent. of animals became steady in weight for about three days 
the curative period was begun. 

o - e - Maltas. 

x - w: - Female.r 

GROUP B (S.eries No. 1) . 

50 &0 
Curative P"riod 

70 
Cural-ive CJ::onl: 

From the growth curves (for 5 weeks dosing) in the previous series, it 
was evident that doses of 2·1 I.U. vitamin A per rat daily (for fish oil as 
well as peanut butter) were to small to yield normal' growth curves. Hence 
doses of double strength, viz., 4·2 I.U. and also 8·4 I.U. were taken. 

Discussion. 

Positive growth results were obtained when vitaminized peanut butter 
had been fed to rats previously depleted of thei_r vitamin A reserves. The 
depletion on preparatory periods lasted 43 days in the case of Series No . 1, 
and 52 days in Series No. 2. The curative period was 21 days and there was 
response in every case where the peanut butter had been dosed. By 
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prolonging the curative periods for 35 days without a break, it could be 
established whether normal growth was taking place. In Series No. 1 th0 
rats of Groups A and B grew on an av:erage sub~normally, as compared with 
Group C notwithstanding the fact that a few rats of this group lagged behind 
in body weight returns in the initial stages of curing. Group B appeared 
to be best favoured in this respect and there was a quick growth response to 
vitamin A. In Series No. 2, positive growth responses were found in both 
Groups E and F, where vitamin A had been given, but Group D (controls) 

GROUP C (S.eries No. 1). 
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showed in most cases loss in body weight or a tendency to cease growing or 
to grow irregularly with small gains for the period. In these young rats 
of less· than 3 months of age, typical symptoms of vitamin A deficiency were 
observed which are here described. 

Group D. 

Rat No. 1. (Male.) 

Remarkably constant body weight, since the termination of depletion 
period was registered. Four days after this date (23.10:41) the first obvious 

·symptom was seen, viz., light-sensitivity of the left eye (partly closed eye­
lids). At the end of eight days both eyes were affected; a discharge of the 
right eye was apparent; deterioration of the eye gland was taking place. 
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The next day, the rat lost its appetite which did not return before vitamin 
A curative dosing was practised at a later stage. On the 13th day the rat 
was listless, and obviously ill. 1'he eyes were dull and keratinization o£ the 
eyelids was observed. On the 15th day, difficulty to walk normally, due 
partly to inactivity and partial lameness (paresis) was seen. On examina­
tion o£ the mucous membrane o£ the lower jaw, tainted gums o£ incisors 
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were observed. A catarrhal discharge o£ the nose, sticky and brown in 
colour, appeared op. the 19th day. As the rat was very ill and would have 
died since it was wasting away quickly, curative treatment by dosing diluted 
fish liver oil, was pra~tised. The rat revived, appetite was restored, body 
weight increased remarkably, and the general health returned. After a 
short period o£ £our days, the rat increased its body weight by 10 grams due 
largely to an enhanced appetite. 
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"Rat No. 2. (Male.) 
Body weight showed an ultimate drop. 
After 10 days depletion: Right eye affected. 
After 13 days depletion: Light-sensitivity. 
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After 15 days depletion : Animal crouched and became listless. 
After 17 days depletion : The animal showed paresis of the hind legs. 
After 18 days depletion: Appetite impaired. _ There was a catarrhal 

discharge. of left nasal chamber. Gums were bloody on lower jaw. 
After 19 days depletion: Increased nasal discharge. 
After 20 days depletion: Rat apparently deaf. 

Hereafter the animal was given curative treatment and restored to 
health and vigour. 

Rat No. 3. (Male.) 

Ultimate drop in body weight. 
After 4 days depletion: Right eye affected-light sensitive. 
After 6 days depletion: Right eye, discharge from gland. 
After 9 days depletion: Left eye almost completely closed. Animal 

twitches, nervous and restless. 
After 17 days depletion: Left eye purulent; breathing laboured; rat 

walks with difficulty dragging the body along and goes down on 
haunches, in a sprawling attitude, unable to support its body on 
hind legs. Walks with a limp. 

After 19 days depletion: Inco-ordination of limbs in \Talking and sways 
from side to side. Listless and very sensitive to the touch but other­
wise very tame. There was a discharge from the nose of brownish 
fluid. 

After 20 days depletion : Rat appeared very ill. 

On the 21st day the rat was killed for vitamin A assay of the liver 
(negative result). At post-mortem there was oedema of the lungs. 

Rat No. 4. (Female .) 
Remarkably steady body weight which dropped after one week. 
After 8 days depletion: Left eye was sensitive to light. 
After 14 days depletion: Right eye shows discharge from the gland. 
After 16 days depletion: Animal walks with difficulty, drags body 

along. 
After 18 days depletion: Severely affected gums and red patches on 

mucous membrane of lower mouth parts. 
After 19 clays depletion : Sniffles; husky breathing, probably affected 

lungs. 
After 21 days depletion: Gums generally affected. 
Rat killed for liver test for vl.tamin A (negative result). 
Post-mortem revealed nothing unusual in the lun~s. 

Rat No. 5. (Fe'ffL<Lle.) 
Rather irregular, but small gain in body weight. 
After 13 days depletion: Right eye light sensitive. 
After 16 days depletion: Twitching of muscles. Walks with difficulty . 
After 18 days depletion: Appetite had been fairly good all along but 

now apparently lost. Discharge, though scant, of the nose. 
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After the 21st day the animal was given vitamin A (oil) orally. A 
considerable gain in body weight was observed, 11 grams in 4 days, due to 
enhanced and restored appetite. ·· The rat was qurck in response to dosing 
and showed brightness of the eyes in compn-rison with previous dullness. 

Rat No. 6. (Female.) . 
Showed about 7 grams inc:rease in body weight for the three weeks. 

No obvious symptoms, except for a slight discharge of the right eye on the 
20th day. · 

The rat was hereafter dosed with vitamin A· and restored to vigorous 
growth . In 4 days of vitamin· A administration the animal gained 11 grams 
in body weight. · 

LIVER AssAYS. 

In order to ascertain what reserves (if any) of vitamin A were stored in 
the livers during the curative periods, at the various stoges, liver assays 
were carried out as follows:-

In both Series No. 1 and No. 2: 
(a) 2 rats (male and female) were slaughtered at weaning (three weeks 

after birth). · 
(b) 2 rats (male and female) were slaughtered at the end of 

preparatory periods. · 
(c) 2 rats in each group (A-C and E-F) at the end of 21 days of 

curative period. 
(d) the residual rats of each group at the end ·of 5th ·week of vitamin 

A supplementation (see Tables 3 and 6 in the appendix). 

Small reserves of vitamin A were found at the initial stages. Storage 
had taken place during the gestation period and lactation period of the 
mothers. Due to controlled feeding of vitamin A to the mother, the reserve 
of vitamin A in the young sucklings was kept low (about 10 I.U. ) . 

At the end of preparatory periods no vitamin A could be found on 
testing the liver reserves proving that in all the rats the livers had probably 
been thoroughly depleted in the short time of 43-52 days. 

At the end of the curativ-e period of 21 days no vitamin A had been 
stored in the liver in Groups A, B and C in Series No. 1. Hence 2-4 I.U. 
of vitamin A per rat daily were, therefore, enough to prevent symptoms and 
grant a certain level of growth but allo'wed no reserves to be built up in this 
time. In Series No. 2, however, a small reserve was stored in the livers of 
thf' rats in Group F at the enfl of 21 days but none in the r ats -0f Group E . 
In other words, where 4·2 I.U. vitamin A per rat daily was insu:fficent to 
allow a reserve to be stored in the· livers after 21 days, 8 · 4 I. U. vitamin A 
per rat daily allowed a small quantity in reserve. Again, after the expira­
tion of 5 weeks of the curative period, the rats slaughtered (Groups E and F) 
showed no storage in Group E and a small storage in Group F. The female 
rat of the last-named group had stored as much as 3·6 I.U. vitamin A in 
the whole liver. The other members of this group had only stored a small 
reserv€ of about 0·6 I.U. due largely to the requirements being larg-er and 
thus the demand was bigger than for the female, especially where the male 
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registered a rate of growth o£ 85 gm. in 5 weeks. It is to be noted that the 
rats of the control group, when cured after the expiration of 21 days during 
which time typical symj:>toms were observed, very quickly responded to 
treatment and gained rapidly in weight thereafter. 

In conclusion, the daily doses of 4·2 I.U. and 8·4 I.U. vitamin A 
calculated from the value 1 gm. = 69 I. Us. based on chemical analyses; were 
found by biological tests to be adequate to . give positive growth responses, 
as can be gathered from the graphs. Chemical analyses are thus valuable 
indications of the vitamin A value of foods. 

SuMMARY. 

Positive results were obtained when vitaminized peanut butter was fed 
in small doses of 4·2 and 8·4 I.U's. of vitamin A per rat daily. Body 
\Yeight increases served as criteria. For the same peanut ~utter, on chmical 
tests an avera~e value of 69 I.U 's. of vitamin A per gram was found at the 
initial stages of the biological tests. , 

The doses were calculated on the chemical findings and on this basis 
doses o£ 2 · 1 I.U's were too small, whilst doses of 4·2 I.U. were adequate; 
and doses of 8 · 4 also allowed a small storage in the liver within 21 days of 
feeding. The above ·findings support the views of Goss and Guilbert (1939) 
who advocated a minimum level of vitamin daily of 18-22 I.U. per Kgm. 
weight in rats, which, calculated on the average w.eight of the rats in this 
experiment is equivalent to 2·5-3·9 I.U. vitamin A per dose per rat daily. 
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