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STUDIES ON VITAMIN-A IN SOLU'l'JUN . .PART V. AQUE.OUS SYSTEM 

BY SUXHAMOY BHATTACHARYA AND U. P. BASU 

!-5tudies on the behaviour of vitamin-A, when di:~persed in aqueous medium have been made. The 
ritamin-A · is leu stable at ~idic /Ju of 3.0 than al f>u cf about 6.o 'rhe hydroxy antiOJr;idants, like 
?ropyl gallate, show no antioxygenic property. 'fbe acetatl' form ol vitamin-A is ll'ss stable tban the 
!llcohol form in aque~M~s solncion. 

In previous communications (Basu and Bhattacharya, this ]ourna.!, 1949, 28, 419, 
459 ; 1950, 27, 169) the stahility of vitamin-A has been studied in glyce1 ide or ester 
snbstrates, ~oth natural and synthetic. It has been found that vitamin-A in the form 
of an ester (acetate) is more stable than the vitamin-A alcohol. 'l'he vitamin may be 
stabilised by the incorporation of some hydroxy antioxidan.ts and the function of these 
antioxidants is. better manifested in the presence of traces of hydrogen donating 
substances. 

The vitamin-A, generally used for medicinal "purpose, is often dispensed in oily 
menstnun, but it has recent!y been reported (Esb and Bhatta.:harya, Iudian ]. 
Physiol. Alii. Sci., 1951, 5, 15; Sob::! et a.l., Federa.tion Proc., 1949, 8, No.1; Am.]. 
Dis. Child., 1947, 73, 543 i 1949, 77, 576) Lhat a better utilization is effected if it be 
dispersed in an aqneous phase. As such our \tudy on the relative stability of 
vita111in-A alcohol and that of a vilamin-A ester (acetate) was continued with prepara­
tions in aqueous phase. At the outset of these investigations two questions arise 
and these a-re whether any change in the hydrogen-ion concentration may have any 
effect on the keeping properties of the vitamin molecule, and wh~ther the hydroxy 
antioxidant with its greater solubility in aqueous medium will exert any specific 
antioxygenil" ·funct~on in retarding the oxidative changes in the vitamin molecule. 
Experimental· results recorded in tltis paper tend to support both the above hypotheses. 
The vitamm is beiug found to be more stable when the Pa of the medium is shifted 
from the acid range and propyl gallate. exerts no sp<!cial effect on the vitamin when 
dispersed· in aqveous phase. Another observation recorded is that the vitamin seems to 
be less potent when present in Lhe form of an ester (acetate) than WQen it is in the 
alcohol form in aqueous medium. 

EXPRR!MI!NTAL 

Vitamin-A alcobol used was vitamin-A concentrate (Neo Chemical Corporation, 
U.S.A.) containiog one million I.U. per g. Vitamin-A acetate-was in pure crystalline 
form obtained from Distillation Products Inc., U.S.A. 

Special disJ;illed water was o•·diJJary double distilled water, redistilled from an 
all-glass s,titi constructed of Jena glass and equipped with ground glass joints. In 
operating the stil], one drop of phosphoric acid to each litre of water was added. The 
first· portion of the distillate was discardeu. The water thus obtained had a specific 
conductivjty of a]?out I- 1.5 x w-• aud was free from heavy metals. 
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Surfll.ce active agent was polyd'xyethylene sorbitan monolaurate, commerciallv 
known as TV.·een 20, and has tha Jollowm!( formula, 

where R represents the lnuryl radical, and X, the polyoxyethylene groups !total 
approximately 20). Tween 20 was generously supplied by Atlas Powder Company, 
U.S.A. 

Antioxidant used was pure n-propyl gallate having m.p. 146-48". All ·other 
.. :hcmicals used in the course of this experiment were of analytical reagent quality. 

Procedure: Vitamin-A Alcohol Solufion.-'fween 20 was added .to vitamin-A 
concentrate so that ihe latter dissolved and then water was added in such a way 
that the :final concentration of T\\·een 2o was 20%. 

Fitamin-A Acelalt' Solulion.-'l'he crystals of vitamin-A acetate was triturated 
in au agate mortar and pestle with Tween 2t~ and when the acetate crystals dissolved, 
water was added to make the concentration of Tween 20 as 20% of the final solution. 

The activity of vitamin-A in bottr the solution,.; was determined by the previous 
proce!oS (Joe. cit.) hy hydrolysing with alcoholic potash, extracting the unsaponifiable 
matter with peroxide-free ether and finally using the alcoholic solution of the unsaponi­
fiable matter in the vitameler-A. 

Both these solul':ions had p, of s. i. A portion of .::ach of these solutions was tl1cn 
adjusted to PH 3.0 with o rN-hydrochloric acid and another portion to S.o .,\'ith 0.1 N­
sodiulll hydroxide. Each of the abo\·e Jlre],arations at differcut p.,. was, tlum divided 
into two parts a~d to one part was added o.o7s% propyl gallate, the other, kept as it 
was. All these solutious were then transferred to 100 c.c. amber L'Oloured bottles 
fitted 'llith corks ha\'ing two perforations to allow t \\'O gla!os tubings, one ot' which 
reached just above the surface of the solution and tlle other, at the mouth of the bottle 
to allow inlet ~ncl outlet of air. Bubbling of air through the solution caused frothing 
"beyond control, and as such air ,.,.·as allowed in just on the suriace of the liquid. Air 
was saturated with ·water vapour prior to entry in the vitamin system by bubbling 
through four bottks of water in series, the first of these ,being kept at a temperature 

of about 50°. All the, containers with vitamin-A solution was kept in series aud air 

at the rate of 6 c.c. per second wa:; passed under negative pressllre. 

The samples adjusted to Pu 8, on keeping overnight, showed a Ps. of 6.3, which 
when adjusted once agnin toPs 8 and kept overnight, again changed to 6.3. Repre­
sentative samples were withdrawn at intervals from ~ach system and analysed for their 

vitamin-A pJtency. The resul\s of the experiment are rec('rded in Tables l·lll and in 
Fig. 1. 
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TAJII.K I' 

.':'lability of 'llilanrin-A at {lu 3.o. 
Vila min -A alcohol. Vitamin- A acetate. 

Without antioxit.laut. With o.o;5% propyl Without antioxidant. With 0.075% propyl 
gallate. gallate. 

Aerated Vitamin-.'\ Loss of Vitamin-A Los" of Vitamin-A [.oss of Vitamin-A Loos of 
for. (LU./g) vitamin-A. (I.U./g.) vitamin-A !l.U./g.) vitamin-.\. u.u /g.) vitamin-:\. 

o llr. 172Z o% 172~ o% 2157 0 % 2157 o'X, 

1,5 1458 15·3 1~30 I'!J.8 

23 1545 10-3 16;\4 24-2 

31 1373 20-3 III.SJ 2J.J 

47 ~507 12-5 16uo 25-8 16i8 24-5 

6J 1329 2Z.8 1521 29-5 

86 n6o 26 8 U4-\ 2j.8 14s6 3'~·5 

lU~ 1!95 JO 6 126o 41-'5 14~3 34-0 

118 1042 39·5 1267 41.2 

134 1039 39·7 88J 48.7 884 59·0 

•74 85•> 50.6 673 IS8.8 

IQS 6oo 65 2 020 64-0 ~ 73-l 571 73·5· 

'l'AHLE II 

Stability of 1:itamin-il at p. 5-7-

Vitamin-A alcohol. Vitamin-A acetate. 

Withcat antiuxidant. With o.o,s% propyl With antioxidant.• With 0.075% propyl 
gallatf'. gallate. 

Aerated VItamin-A. Lo•s of Vitamin-A. Loss of Vitamin-A Loss of Vitamin-A Loss of 
fur. (I.U./gi · '·itamin-.\. (l.U./g.) vitamin-A (l.U.Ig.) ,-itamin-A (I.U./g.) vitamin-A. 

o hr. 1722 o% 172~ 0% 213l 0 % 'ZlJl o% 

15 l~4i' -f-3 :040 ;1·3 

23 1710 ('1.; IQ92 6.6 

31 165-1 39 1864 12.8 

47 1637 4·9 1718 19·4 

IIJ 1623 5' 1756 J;.".i 

86 1626 .;.6 1~95 »-5 1562 26 7 

102 16oll 6.6 167~ :I.6 1486 30·3 

• J.Z6 1503 u.; 

!58 1396 19·3 u5'i· 27.0 UCJO 39·5 

·182 1200 JO.J 1072 49·7 1103 48·3 

1911 1140 JJ-8 118I J1.J 1024 52.0 1092 48.8 
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'TABLE lll 

Stability of -vitamin-A a.t p .. 6.J-"' 
Vitamin-A alcohol. Vitamin-A acetate. 

Witboat antioxidant. " With o 075% propyl Without antioxidant. With o.o75% propvl 
gallate. gallate. 

Aerated .Vitamin-A l,oss v{ Vitamin-A· Loss of Vitan1iu-A I.oss of Vitamin-A Loss of 
fnr. (l.lJ./g.) ''ita min-A. (I.U./g.) vitamin-A. (I.U./g.) vitamin-A. (l.U /g.). vitamin-A. 

o hr. 17.22 o% 1722 n~ 2U4 0 t 2114 o% 

IS J68J 2;,1 Ig8o 6-3 
:lJ 1687 ~.o Jg68 6.g 

JI . 1462 15-' 1927 8.8 

41 16.12 4.6 1801 14·8 1778 15.9 

63 1117 17-7 1702 19-5 
86 .... . 1]20 lJ.;\ 16<.17 21·0 

::~~~ IO:Z t6l7 5·5 24-5 
118 H6fl 21\.s 1395 34-0 

134 151i1 9·3 1154 27.2 1J86 34·4 1256 406 

174 IJOO Z4·5 uoo JO.J ugo 43·7 .ll74 44·.5 
198 llJO 34·4 JJ37 34-0 1044 ,5'J.6 "IOji 494 

+ f' 11 was adjustt-d t" R.v; lmt •·n keepitl,R m·ernight the p,. cbangerl to 6.3. 

DISCUSSION 

l~flecl of :Pu--From the results which have been tabulated according to Pu it 
may be 'seen that the vitamh1-A in the form of alcohol lost after 198 hours of aeration 
65.2%. 33.8% and 34·4% of its nativity without the incorporation of autiox;dant, und 
in the form of acetate, 7J-I%, 52.o% and so.6% at />n values of J.O, s-7 and 6.3 
rcspectivc!ly. Almost tl1e same order is followed when the systems are adjuvateJ with 
0.075% propyl gallate lcf. Tables 1-lll.) Thus, it seems that the p. of. the solution 
has got considerable influence on the stability of vitamin-A h1 aqueous medium (cf. 

'Kern and Antoshki{:.r, Ind. Eng. Chem., 1950, 42, 700·/ and that it is less stable in 
acidic /lH and more stable at Pa of about 6.o (cf. Fig 1.). The difference "b.:tween p,. 
vaiues 5·7 and 6.3 is nol marked. 

FIG. 1 
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lnffucnce of Hyd,-ox-.;Ph!!nolic .4ntioxida"'t.-The vitamin-A alcohQI "1ft Pn 3.0 
fosea 65.2% witbout the" pr.:sence of antioxidant ami!. 64.0% with propyl gallate in 198 
hour;; and the n.:etate f"lrm loses 73.:1% in absence artd 73.5% in presence of antioxidant 
in the same period, as 1~ay be seeu from Table L Table lL shows 33.8% against 
jt.J% in the case of alcohol form, while vitamin-A acetate has·lost 52.0% against 48.8% 
of vitamin·A potency in absence and in presence o£ antioxidant respectively. Figures 
of ~'able in are almost the same as that. of Table n. Thus, it appears that the 
hydroxypheno1ic antioxidant of the type of propyl gallate does not exert any 
.mtioxygenic property in stabilising the piltency of vitamin-A in water medium. 

Eflecl o}. the Chemica.l {oTm of th0 Vilami11.-The average loss,pf vitamia-A is 
about 73% for the acetate form, while it is 64.5% for tbe alcohol form at Pn 3.0 when 
aerated for 191:! houu (cf. Table I). The los.ses for acetate and alcohol forms in the 
same peridU at p,. values of 5-7 and 6-3 are auout so% and 33% respecth•ely, as may be 
seen from Tables II and Ill, as also from Fig. 1. These results tend to indicate 
that the alcohol form of vitamin-A is more stable than the vitamin-A acetate. 

Similar ob!iervations have heen note<] hy JA:hman of Distillation Prt'ducts, U. S. A, 
(prhm.te conunu~icalioJJ). It may be mcntionell bere.Jhat the vitamin-A alcoh<Jl in 
aqueous medium at Pu of about 6.o behaves simila~y as the vitamin-A alcobol dissolveu 
in esters or glycerides in tbe presence of antioxi.jaut, and as the vitamin-A acetate in oils 
or estE-rs ~n ab:.ence of antioxidant after about 200 honrs of aeration so far a~ the 
stability of vitamin-A activity is conc~rned (cf. Basu and Bhaltacharya, loc. cit.). 

The hydroxy-antioxidant, propyl gallate, us1!d in the c-:>urse of this investigation 
was o 075% and has been :·ouud to exert uo antioxygeuic property. The .,solubility 
of propyl gallate in water is 0.2 at 25° *. Due to its greater solubility m water and 
owing to the·question of partition coefficient, the antioxidant might not be present in 
the vitamin-A phase, and thus may be the cause of its failure to ex;rt any special effect. 
]u keeping the vitamin-A potency. 

Further work is in progress. 

CONCLUSION 

Vitamin-A in the form of alcohol or acetate, when dispersed in aqueous medium 
with Tween 20, behaves in a different way from that when dissolved in glyce'Hdes or 

esters. 
Vitamin-A acetate, which is more stable in oils and esters, is le!ls stable than th~ 

alcohol when dispersed in aqtteon:; menstrnm. 

The Pa of the aqueous solution determines the stability of vitamin-A irrespective of 
its chemicu.I form. It is more stable at Pa about 6.o than at Pa 3 o. 

The hydroxy-antioxidant, propyl gallate, having a concentration of 0.075% does 
not show any antioxygenic property in keeping the vitamin-A potency in aqueous 

medium. 

"The s:>lubility of propyl gallate in arachis oil is less than o.os at :zs"· 

BB!IIGAr IM~Iti:N"ITY RUUBCH INSl'ITUrrt. 

c.u.cutt&-rl5. 
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