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THE STABILITY OF VITAMIN A IN SYNTHETIC VITAM IN A CON­
CENTRATES (ACETATE OR PALMITATE). 1.- IN PHOSPHATIC 

STOCK LICKS WITH AND WITHOUT TRACE ELE MENTS 

S. J. MYBURGH , Vete ri nary Researh Institute, Onderste poo rt 

INTRODUCTION 

The stability of Vitamin A has been the subject of extensive investigation. It 
has been shown to be unstable in the natural form as fish liver oil and its loss of 
potency has been studied by Dunn (1924), Anderegg & Nelson (1926), Powick 
(1925), Marcus (1931), Holmes, Pigott & Menard (1930), Schroeder, Redding & 
Huber (1936), Lowen, Anderson & Harrison (1937), Bethke, Record & Wilder 
(1939), Baird, Ringrose & MacMillan (1939), Miller, Joukovsky & Hokenstad 
(1942), and Halverson & Hart (1950). 

This instability of the natural fish oil was ascribed to the instability of the fat 
or fatty acids which on oxidation hastened the destruction of the Vitamin A 
(Powick, 1925 ; Schroeder et al., 1936; and Bethke et al., 1939). 

The loss of potency of fish oils could be slowed down by the presence of 
antioxidants (Buxton, 1947). Furthermore, Halverson & Hendrick (1955) showed 
that the presence of certain minerals was instrumental in catalysing the oxidative 
processes whereby the Vitamin A is destroyed. This destruction was notably less 
in a mixture of a finely divided texture containing gelatin. Manufacturers of 
commercial feeds have long been troubled with this problem of vitamin instability 
in feeds. In order to overcome this problem dry preparations, which are claimed 
to be stable, have been on the market in recent years . These preparations were 
stabilized by the addition of antioxidants, for example diphenyl p-phenylene diamine 
(DPPD), butylated hydroxy anisole (BHA), Vitamin E, etc. ; also in some instances 
by encapsulation in an aerophobic matrix, such as gelatin, gum acacia, or wax. 
Synthetic palmitate or acetate is the main source of Vitamin A in these preparations. 
These preparations were shown to be suitable when used for the fortification of most 
feeds as demonstrated by results on growth studies and liver Vitamin A assays 
(Siedler & Schweigert, 1954 ; Halverson & Hendrick, 1955; Reid, Daugherty & 
Couch, 1955; Harms, Reid & Couch, 1955; Camp, Cartrite, Quissenberry & Couch, 
1955; Matterson, Bunnel, Stinson, Singsen & Potter, 1955; Siedler, Enzer & 
Schweigert, 1956; and Fritz, Wharton, Henley & Schoene, 1956). 

Fritz et al. (1956) concluded from their growth studies with chicks that losses 
of Vitamin A from feeds were reduced by-

(a) a suitable coating to minimise air contact, and by 
(b) the use of antioxidants. 

Water soluble coating agents (gelatin) were satisfactory when feeds were stored 
at low humidity. However, they did not give adequate protection when feed was 
stored under high humidity conditions. Fat soluble coating agents were also 
effective, provided the agents were biologically active, for example high melting 
waxes served the purpose well. 
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STABILITY OF VITAMIN A IN SYNTHETIC VITAMIN A CONCENTRATES 

It was therefore established that dry products represent an improvement over 
Vitamin A oils. It cannot be claimed that the loss of potency was altogether 
eliminated, since all products lost some Vitamin A during storage at room tem­
perature. Most feeds fortified with stabilized Vitamin A, however, retained potencies 
up to 50 per cent during six months storage (Fritz et a!. , 1956). In the present 
study gelatin-coated synthetic Vitamin A esters (acetate or palmitate) were mixed 
with phosphatic supplements commonly used as stock licks. 

EXPERIMENTAL 

Nine brands of commercial products submitted for chemical analysis, were 
chosen. Certain commercial firms and farmers sugg~sted that these synthetic 
preparations, if they were stable, could be given to range animals along with their 
phosphatic licks. In order to test the feasibility of this practice, quantities of the 
stabilized products were mixed into the licks. The licks were exposed to the 
atmosphere and their Vitamin A potencies tested periodically up to one week. 

The chemical composition of these licks is shown in Table 1. 

TABLE i.- Composition of licks 

Sample I Cal- I Phos- I Iron I Copper 'Fluorine I Mois-
No . Description cium phorus NaCl (Fe) (Cu) (F) ture (Ca) (P) 

% % % % ppm ppm % 
526 Bone meal. . ....... 21 .3 9 ·5 0 5 ·3 
530 Bone meal , mineral- 20·3 7 ·77 24 ·5 0·29 0·06 290 6·4 

ised (salt + trace 
elements) 

708 Bone meal, molassed 17·9 10 ·0 0 0·13 0·047 3·5 
( + trace elements) 

634 Bone mea l, mineral- 26·0 11·6 0 0 ·16 0 ·024 4 ·6 
ised ( + trace ele-
ments) 

635 Bone meal, mineral- 16·5 6·8 25·5 0·40 0·032 4·2 
ised (salt + trace 
elements) 

527 Phosphate, mineral- 15 ·0 5·52 31 ·9 0 ·28 0·02 450 5·0 
ised (salt + trace 
elements) 

713 Mineral supplement 20·4 7·8 0 0 ·42 0·024 3·8 

714 
(trace elements) 

Mineral supplement 22·4 8 ·8 0 0·25 0·027 3·5 
(trace elements) 

233 Dicalcium phosphate 23·3 18·2 0 110 5· 7 
(CaHPO.) 

Experiment 1 (Table 2) 

The samples were left exposed to the atmosphere during a period of hot summer 
days (temperatures varied from a minimum of 51 oF to maximum of 82°F). The 
weather was rainy and as a result the humidity high (percentage relative humidity 
60- 70). The tests were, however, carried out indoors in diffused sunlight. Analyses 
for Vitamin A were carried out on samples at varying intervals up to one week. 
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S. J. MYBURGH 

Vitamin A assays were done with due regard to the possibility of the extraction 
of minerals which may accelerate the Vitamin A destruction during the procedure. 
The tests were done according to the Carr-Price colour procedure and evaluation 
of Vitamin A in a spectro-photometer (Zeiss-opton) read at 620 millimicrons with 
a colour development of 15 seconds. For this purpose the galvanometer unit of 
the colorimeter was set to provide quick, direct readings so as to eliminate the time 
usually required for manual adjustments of balance circuit resistances, etc. , with 
each test. In order to facilitate quick delivery of the reagent to the sample an 
automatic pipette was employed. 

The reagents were of special purity generally prescribed for Vitamin A assays. 
The vitamin was extracted by means of hot a lcohol, the alcohol extract saponified 
and finally the Vitamin A extracted by means of ethyl ether. The ethereal phase 
was then washed free from alcohol, alkali and soaps in the conventional way, and 
ultimately dried with anhydrous sodium sulphate. Finally the ether containing the 
Vitamin A was cautiously evaporated to dryness in a water bath under an atmosphere 
of nitrogen or carbon dioxide. After all the ether had evaporated the residue was 
taken up in chloroform in appropriate volumes to facilitate reading in the spectro­
photometer. The tests were repeated to obtain average values. 

Experiment 2 (Table 3) 

Similar tests, as described above, were carried out to ascertain the influence of 
exposure to direct sunlight outdoors in comparison with the influence of diffused 
sunlight indoors. The assays of the samples of fortified phosphate licks were done 
at intervals up to one week. An acetate synthetic vitamin ester was put to the test 
in this experiment. 

Experiment 3 (Table 4) 

Two licks fortified with a mixed vitamin product and encapsulated with gelatin 
were simi larly exposed to diffused and bright sunlight. The vitamins were a mixture 
of Vitamin A synthetic concentrate (acetate), riboflavin (Vitamin B2), and Vitamin D 3 
compounded in appropriate ratios and quantities for the fortification of chick 
rations. The assay of the samples was done at intervals for a period of one week. 

Experiment 4 (Table 5) 

Two licks enriched with Vitamin A palmitate encapsulated in gelatin were 
tested under conditions of diffused and direct sunlight, as well as to test the effect 
of leaving the fortified lick in the feeding trough of sheep for one week, when the 
animals had free access to the lick. 
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STABILITY OF VITAMIN A IN SYNTHETIC VITAMIN A CONCENTRATES 

DISCUSSION OF REsULTS 

In Tables 2, 3, 4 and 5 are given the Vitamin A potencies of enriched phosphatic 
licks exposed to hot, humid atmospheric conditions. Vitamin A deteriorated in 
all the experiments . The loss of potencies in the licks (Table 2) were initially from 
8 · 75 to 45 · 2 per cent, increasing to 26 to 56 per cent after 24 hours' exposure, and 
34·6 to 68·8 per cent after 48 hours' exposure. After one week the loss was from 
47 ·3 to 91·5 per cent. 

Various factors could have been responsible for this substantial loss of Vitamin A 
potencies in all the licks: the temperature and humidity high, the presence of phos­
phates and trace elements, and the possibility of the gelatin coat of synthetic 
Vitamin A esters (whether acetate or palmitate) not being impervious to atmos­
pheric moisture, air and sunlight. 

Davies & Warden (1954), and Halverson & Hendrick (1955), amongst others 
have shown that certain minerals including those in minute quantities as trace 
elements in feeds have a destructive action on Vitamin A, but that this loss was 
partially overcome by the use of encapsulating products . Wall & Kelly (1951) in 
studies on stability of Vitamin A esters, have stressed the importance of temperature 
concentration of the vitamin ester and the carrier. 

The influence of sunlight becomes apparent in Table 3. The loss of Vitamin A 
potency of the licks showed a similar trend as shown in Table 2 for diffused sunlight. 
In the case of direct sunlight the loss of potency was appreciably higher. The 
average loss was 28 · 8 per cent in diffused light and 45 per cent in bright sunlight 
within a period of 24 hours. For the following 24 hour periods up to 168 hours 
the losses were progressively higher, and attained a high level of 59 · 4 per cent and 
74·0 per cent loss respectively. 

The influence of exposure to diffused and bright sunlight on the fortified phos­
phate licks when the vitamin mixture contained in addition to Vitamin A also 
riboflavin and Vitamin D 3 , is shown in Table 4. It is noteworthy that the initial 
loss on mixing is small. This favourable trend can be ascribed to the presence of 
riboflavin, a light sensitive vitamin. As an antioxidant it had protective qualities 
against Vitamin A loss. These qualities were only temporary as can be seen from 
further periods of exposure. After one week the losses were 39 per cent and 70 
per cent for diffused sunlight and in bright sunlight 60 · 5 per cent and 80 per cent 
respectively for the two phosphate licks under consideration. 

Further evidence is presented (Table 5) to illustrate the influence of sunlight 
on the stability of Vitamin A. It becomes evident that under overcast conditions 
the losses were smaller. The losses at the end of a week under these conditions were 
40 per cent indoors compared with 48 per cent outdoors. 

It is wellknown that the ultra violet rays affect the stability of Vitamin A and 
it is acceptable that the ultra violet rays of the sunlight accelerated the loss of potency 
recorded on exposure. 

Evidence is presented below to show to what extent ultra violet rays affected 
the synthetic concentrate alone and when incorporated in a phosphatic lick. For 
this purpose a Sterisol Lamp (Model PL 390-generator NN 30 /89 V) with a power 
consumption of 35 watts and 220 volts, was used. 
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TABLE 5.-Stability of a synthetic Vitamin A palmitate (gelatin coated) when 
exposed to ultra violet rays (Sterisol Lamp) 

Period Potency I Original Loss 
of of 

Exposure Vit. A 
I 

Potency Potency 
I 

Vit . A. Source I Hours I (i .u.) (i.u.) I % 
Synthetic concentrate (gelatin coated) 0·5 

I 
16,320 20,000 18·4 

1 ·0 16,000 20,000 20·0 
2·0 

I 

14,400 20,000 28·0 
3·0 14,200 20,000 29·0 
4 ·0 13 ,760 20,000 31 · 2 

Phosphate lick plus synthetic concen- I ·0 

I 
14,000 20,000 

I 

30·0 
trate 2·0 13 ,000 20,000 35 ·0 

Within four hours of exposure to ultra violet rays the synthetic concentrate , 
encapsulated in gelatin, lost 31 · 2 per cent of its original strength. 

In the mixed phosphate-synthetic concentrate sample the loss was 30 per cent 
within one hour and 35 per cent after two hours. 

From the evidence presented here it can be concluded that the incorporation 
of Vitamin A in the so-called stabilised form in phosphatic licks for range animals 
is unpractical. In South Africa with its abundant sunshine and especially where 
very hot and humid conditions may prevail at times, the possibility of extensive 
Vitamin A losses is of real importance. The alternative, practical method is the 
incorporation of stabilized Vitamin A in a finely divided state in concentrate rations 
for stall-fed animals. For range animals , however, the feeding of similarly enriched 
supplement feeds in the form of cubes may be an answer to the problem. 

SUMMARY 

Stabilised synthetic Vitamin A, either as acetate or palmitate encapsulated in 
gelatin was incorporated in mineral-rich phosphatic licks and exposed to hot, humid 
atmospheric conditions which at times prevai l in the summer rainfall area of South 
Africa. The loss of Vitamin A potency under these experimental conditions led to 
the conclusion that the feeding of stabilised Vitamin A incorporated in licks fed to 
range animals is unpractical. 
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