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Abstract 

Aqueous solutions of L-ascorbic acid were irradiatcd with simulated sunlight in the presence of mannitol, sorbitol, 
sucrose, dextrose and 'Canderel ' ,  and the residual t-ascorbic acid was measured spectroscopically. The photostability 
of l.-ascorbic acid was enhanced by all of the sweetening agents at 5% w/v  concentration. However, the addition of 
stoichiometric amounts of hydrogen peroxide to provide a source of hydroxyl radicals and 2,2'-azobis(2-amidopro- 
pane) to provide hydroperoxyl radicals resulted in diminished stability of L-ascorbic acid solutions. The possibility of 
the diminished stability of the L-ascorbic acid solutions being due to the action of hydroperoxyl radicals in the 
presence of hydroxyl radical scavengers is discussed. 
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1. Introduction 

Ascorb ic  acid is used as both  a t h e r a p e u t i c  
agen t  (vi tamin C) and  as an an t iox idan t  (Lach-  
man,  1968a,b). In view of  the  cu r ren t  be l ie f  that  
v i tamin C s u p p l e m e n t a t i o n  of  human  die t  is ben-  
eficial  there  is a w i d e s p r e a d  use of  this ma te r i a l  
by the  food and soft dr inks  indust r ies .  It is also 
c o m m o n  prac t ice  for  foods  and soft dr inks  to 
have swee ten ing  agents  inco rpora t ed ;  these  ma te -  
rials can be sugars  or  ar t i f icial  swee ten ing  agents .  

* Corresponding author. 

In view of  the fact that  most soft drinks,  foods 
and some p h a r m a c e u t i c a l  p roduc t s  are packaged  
in such a m a n n e r  that  the p roduc t  is exposed  to 
both  sunl ight  and  art i f icial  l ight dur ing  s torage  
and use, there  is a risk of  the ascorbic  acid 
undergo ing  pho tochemica l  deg rada t ion .  The  ob- 
ject ive of  the p resen t  work  is to examine  the 
effect  on the photos tab i l i ty  of  aqueous  solut ions  
of  ascorbic  acid by the incorpora t ion ,  individu- 
ally, of  a range  of  swee ten ing  agents .  The  sweet-  
ening agents  chosen  were  'Ca nde re l ,  mannito[ ,  
dext rose  and sucrose.  The  invest igat ion was car-  
r ied out  by i r rad ia t ing  the samples  with s imula ted  
sunl ight  (Evans  et al., 1975) and measur ing  the 
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amount of ascorbic acid remaining in the solu- 
tion, 

2. Materials and methods 

2.2. Apparatus 

A Beckman DU 70 UV/visiblc spectropho- 
tometer with matched silica cells of 1 cm path 
length was used. A Pye Unicam Model 292 pH 
meter was employed for the pH measurements. 

2.1. Materials 

The fl)llowing materials were obtained from 
the indicated sources: ABAP (2,2'-azobis(2- 
amidinopropanc) dihydrochloride) (Polyscience 
Inc. U.S.A.): D(- ) -ascorbic  acid (Fisons Scien- 
tific Apparatus Ltd, Loughborough. U.K., batch 
no. 112(181 l(I, 99.7ci purity): dextrose, B.P. (BDH 
batch no. 2602): Candercl (maltodextrin, aspar- 
(amine, phcnylalaninc)(Gateway Foods Ltd); hy- 
drochloric acid (specific gravity 1.16) (Fisons Sci- 
entific Apparatus lad, batch no. 15503030, 
32.23c4 HCIk D-(+ )-mannitol (Hopkins & 
Williams Ltd, batctl no. 77763B 61529); phospho- 
tungstic acid (Hopkins & Williams ktd, batch no. 
943/1W65333):  sodium acetate (anhydrous) 
(Hopkins & Williams Ltd, batch no. 0869330891): 
sodium mc~awmadate (Aldrich Chemical Co. Ltd, 
batch no. 13718-26 8): D-(+)-sorbitol (Hopkins 
& Williams. batch no. 53970W57614); sucrose 
(BDlt,  batch no. 1376110L); hydrogen peroxide 
(100 volume) Boots plc. 

2.3. Methods 

The assay of L-ascorbic acid was carried ac- 
cording to the method of Muralikrishna and 
Murty (1989) with the following modifications: 

All volumes were scaled up by a factor of 2(}. 
Phosphotungstic acid and sodium metavanadatc 
solutitms were prepared in double-distilled water 
and bul:fer (pH 1.5) was made from sodium ac- 
etate and hydrochloric acid. Ascorbic acid stand- 
ard solutions (0.1, 0.2, 0.4, {1.8 and 1.(t mg/ml)  
were prepared in double-distilled water. 25 #1 of 
each of the L-ascorbic acid standard solutions 
were added to 5 ml of the complex solution. The 
contents of the tubes were mixed thoroughly and 
absorbance readings (A t) taken at 360 nm against 
double-distilled water as a blank. The absorbance 
of the complex solution was also taken at the 
same wavelength against the same blank and a 
reading of A~ was obtained (correlation coeffi- 
cient = 0.994: p - ().001). 

Table  I 
P h o t o d e g r a d a t i o n  of aqueous  L-ascorbic acid solut ion ({1.8 m g / m l l  

h ' radiaf ion A t A T A, - A ~ C,: d rug  log cl drug I ,/~; drug 
t ime (h) r ema in ing  r ema in ing  r ema in ing  

0 1.336 1.65(/ (I,314 100.(}0 2.(}00(1 0.()1000 

17 1.37(I 1.600 0,230 73.24 1.8647 11.01365 

I 8 1.3911 1.596 0.206 65.61 1.8169 0.(11534 
21 1.396 1.602 0,202 64.33 1.8084 11.01554 
22 1.4(16 1.598 (1.196 62.42 1.7953 0.{11602 
23 1.4( )4 1.598 0.194 61.78 1.7908 0.{)1618 
24 1.398 1.584 (1.186 59.23 1.7725 0.111688 
45 1.37(I 1.480 (1. I I{} 35.03 1.5444 0.02854 

48 1.356 1.466 O. 110 35.03 1.5444 0.(12854 

Cor re l a t ion  coeff ic ients  0.9854 0.9941 11.~}6311 
Rate  cons tan t  2.34 × 1(1 -~ 

The  reac t ion  is d e e m e d  to follov~ first o rde r  kinetics.  A, .  absorbance  of reagent :  A,,  absorbance  {)f test solut ion at 36(} nm. 
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Solutions of L-ascorbic acid (0.8 m g / m l )  alone 
and those containing the sweetening agents each 
at 5% w / v  were irradiated by the method of  
Evans et al. (1975). The L-ascorbic acid content 
was measured at time zero and at time intervals 
up to 48 h. 

2.4. Treatment of results 

The reaction order was determined by carrying 
out a linear regression analysis of  plots of  the 
percentage L-ascorbic acid remaining against time, 
log percentage of  L-ascorbic acid remaining 
against time and 1 /percentage  of L-ascorbic acid 
remaining against time. The plot yielding the best 
straight line as determined by the method of  
Patel and Sugden (1992) was deemed to repre- 
sent the order of  reaction. 

3. Discussion 

Examination of Table 2 shows that the pho- 
todegradation of  ascorbic acid solution follows 
first order reaction kinetics and has a rate con- 
stant of  2.34 × 10 2. On addition of  an equimolar 
amount of hydrogen peroxide the reaction contin- 
ues to follow first order kinetics but the rate 
constant rises to 4.92 × 10 - 2 .  This rise in rate 
constant was expected since hydrogen peroxide 
on irradiation with light yields mainly hydroxyl 
radicals. Czapski (1971) reported that the photol- 
ysis of  hydrogen peroxide proceeds as follows: 

h l~ 
H 2 O  2 > 2 O H  

H O +  H 2 0 2  , H 2 0  + H O  2 

H O  2 + H 2 0 2  ) H 2 0  + 0 2  q- O H  

2 H O  2 ~ H 2 0 2  + 0 2  

There are possible reactions between the radi- 
cals formed. Hochanadel  et al (1980), Sridharan 
et al. (19811 and Kurylo et al. (19811 have all 
demonstrated that hydroxyl and hydroperoxy 
( H O  21 radicals react together. Ascorbic acid has 
been shown to react with hydroperoxy radicals to 
form hydrogen peroxide and an ascorbic radical 

Table 2 
Summary of the photodegradation of aqueous L-ascorbic acid 
solutions with additives 

Compound and additive Order of Mean rate 
reaction constant ~' 

t.-( - )-Ascorbic Acid 1st 
L-( -- )-Ascorbie acid + I st 

hydrogen peroxide (1 ml, 0.3%) 

t . - ( - ) - A s c o r b i c  a c i d + s u c r o s e  (5%) 1st 
- ( - ) - A s c o r b i e  a c i d + s u c r o s e  (5%) 1st 

+ hydrogen peroxide (1 ml, 0.3%) 
L-Ascorbic acid + sorbitol (5%) 1st 
l.-Ascorbic acid + sorbitol (5%)+ 1st 

hydrogen peroxide (l ml, 0.3¢4) 

L-Ascorbic acid + mannitol (5%) 1st 
L-Ascorbic acid + mannitol (5%) + I st 

hydrogen peroxide (1 ml, 0.3%) 

L-Ascorbic acid + Canderel (5%) 1st 
~ -Ascorbic  acid + Cande re l  ( 5 % ) +  1st 

hydrogen peroxide ( 1 ml 0.39;)  

i,-Ascorbic acid + A B A P  2nd 
(equimolar) b 

L-Ascorbic acid + A B A P  + 2nd 
dextrose (5%) b 

L-Ascorbic acid + A B A P  + 2nd 
sucrose (5%) ~' 

u-Ascorbic acid + A B A P  + 2nd 
acetaldehyde (0.1 ml) b 

L-Ascorbic acid + H 2 0  2 + 2nd 
acetaldehyde (0.1 ml) b 

2.34X 10 -2 

4 .92×  10 ? 

1.38× 10 .2 

5 . 6 5 × 1 0  2 

1 .25×10  2 

15.64×1/)  2 

1.75× l0  ? 
6.99 X 10 2 

1 .48×10  2 

8 . 9 2 × 1 0  2 

3.(16 X 10 3 

2 . 4 8 × 1 0  3 

2.90 X 10 ~ 

2 . 2 6 × 1 0  3 

8 . 8 1 × 1 0  a 

~' R e p r e s e n t s  a mean of three determinations. 
b Equimolar amounts of ~ - ( -  )-ascorbic acid and A B A P / d e -  
ionised water. 

(Nadezhdin and Dunford, 19791: 

A H  2 + H O  2 , A -  

+ H 2 0 2  ( A H  2, ascorbic acid) 

Clearly, there is a possibility of  the ( H O  2) 

radical promoting the decomposit ion of ascorbic 
acid. Examination of  Table 2 shows that all of  the 
sweeteners tested gave reduced rate constants as 
compared to that of  the ascorbic acid control. 
This suggests that the sweeteners had some ef- 
fects on the normal photolysis of  ascorbic acid 
which, according to Barr and King (1956), is 
hydroxyl and hydrogen free radical mediated. The 
addition of  hydrogen peroxide produces a 2-fold 
increase in the rate constant of  the control sam- 
ple of  ascorbic acid. The addition of the sweeten- 
ing agents tested in every case resulted in an 
increase in the rate constant above that recorded 
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for the ascorbic acid with added hydrogen perox- 
ide. However, the addition of ABAP to create a 
source of hydroperoxy radicals (Niki et al., 1988) 
results in a change of order from first to second. 
The rate constants for sucrose and dextrose (2.90 
and 2.48 × 10 3), respectively, are slightly less 
than that of the control (3.06 X 10 -~), indicating 
that the presence of the sugars tested has a very, 
small scavenging action on the hydroperoxy radi- 
cal. 

A possible explanation for these results is that 
the hydrogen peroxide decomposes in the pres- 
ence of light to give both hydroxyl and hydroper- 
oxy radicals: 

H 2 0  2 + h P  = 2 O H  

OH + H 2 0 2  = H , O  + HO:, 

The hydroxyl radicals may react with the 
sweetening agents and the much less reactive 
HO,  radicals are free to react with the ascorbic 
acid as has been demonstrated by Nadezhdin and 
Dunford (1979), Cabelli and Bielski (1983), and 
Fitchett and Gilbert (1986). 

It is of interest to note that the photodegrada- 
tion reaction of ascorbic acid in the presence of 
ABAP and acetaldehyde gives a rate constant of 
2.26 × 10 ..3 ( 'control '  without acetaldehyde gives 
a rate constant of 3.06 × 10 3) and in the ab- 
sence of ABAP but with added water, the rate 
constant falls to 8.81 × 1{) -4 .  This result shows 
that acetaldehyde acts as a quenching agent for 
the HO,  radical. The very low value of the rate 
constant for the experiments carried out with 
only ascorbic acid and acetaldehyde suggests that 
the latter stabilises the former and quenches the 
radicals formed on irradiation of water in the test 
system. Kochi (1973) reported that acetaldehyde 
is a triplet quenching agent. Czapski (1972) points 
out that the hydroperoxyl radical can be formed 
in a photolysis reaction where H radicals o r  eaq 

are formed in the presence of oxygen. This type 
of photochemical reaction could easily take place 
in a system where one or more components of a 
formulation acted as a sensitizer and reduced thc 
energy requirement for the reaction to proceed. 
Thus, there is a possibility that photochemical 
degradation of an aqueous formulation may pro- 

ceed in the presence of suitable hydroxyl radical 
scavengers, since these additives are incapablc of 
preventing the degradative effect of the hy- 
droperoxyl radical. This could provide an expla- 
nation for the results reported by Kendall et al. 
(1989) on the effects of hydroxyl and other radi- 
cals on the stability of metronidazolc in buffcr 
solutions at pH 9.2. 
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