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An Evaluation of the Efficacy of Antioxidants in Soap by Differential 
Scanning Calorimetw (DSC) 
Shyam K. Gupta* a n d  R o b e r t  J. Jaworski 
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A simple,  rapid method  for the  evaluat ion o f  the  
e f f i cacy  of  commercia l  ant iox idants  in soap  products  
has been  deve loped.  The procedure  involves  forced 
oxidat ion o f  a sample  in an oxygen-pressur ized  differ- 
ential  scanning calorimetry (DSC)  cell. The analys is  is 
complete  in 30 min and requires  5-10 mg o f  sample .  
The forced ox idat ion  DSC methodo logy  descr ibed in 
this  work may be a useful  too l  in the  deve lopment  and 
opt imizat ion o f  an ant ioxidant  sys tem for bar soap 
products  and for fatty materia ls  in general.  
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The determination of the oxidative stability of fats, fatty 
acids, and soaps has been a vigorously studied field. 
Although a number  of methods have been utilized, the 
search for a simple procedure which also correlates with 
observed sensory attributes, such as odor, flavor, and 
color of the fat ty materials, is still in active pursuit  (1). 

In the course of our work on the thermo-analytical 
s tudy of bar soap products  (S. Gupta, submitted for 
publication), we found that  the oxidation of fat ty mate- 
rials in a differential scanning calorimetry (DSC) cell 
pressurized with oxygen proceeded rapidly with the 
appearance of sharp exothermic heat flow. We also noted 
an increase in both the induction and the initiation 
periods, relative to a control, in the soap samples which 
contained small quantities of antioxidants. This observa- 
tion led to the development of the present methodology. 

*To whom correspondence should be addressed at American Soap 
Company, 11170 Green Valley Drive, Olive Branch, MS 38654. 

EXPERIMENTAL PROCEDURES 

A DuPont Thermal Analysis 1090 instrument (Dupont, 
Boston, MA) equipped with a pressure DSC cell was used. 
All calculations were performed by a DuPont Oxidation 
Analysis (V 0.1) program. The onset of induction and 
initiation times were automatically selected by this com- 
puter  program. 

The soap samples (5-10 mg) were placed in an alumi- 
num DSC pan, the DSC cell was pressurized (500 psig) 
with oxygen, and analysis conducted starting at 100~ 
with a program rate of 5~ to a final temperature of 
250~ A typical analysis was complete in 30 min. 

RESULTS AND DISCUSSION 

A typical DSC oxidation curve is illustrated in Figure 1. 
In our study, soap pellets containing only the antioxi- 

dant  as an additive were prepared in the s tandard 
manner  from the neutralization of fatty acid blends 
followed by drying them to a specified moisture content  
(S. Gupta, submitted for publication). The soap pellet 
samples were analyzed by the forced oxidation proce- 
dure. The samples of these soap pellets were also stored in 
sealed bottles under  ambient conditions for a period of 30 
days, following which an odor evaluation for rancidity 
development was conducted by trained personnel. 

The DSC oxidation and odor evaluation data  are 
summarized in Table 1. 

Although no a t tempt  was made in the present study to 
optimize the level of antioxidants in soap pellets for 
oxidative stability, the data  in Table 1 illustrate that  the 
present methodology correlates with observed sensory 
odor evaluations for rancidity. 
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FIG. 1. DSC oxidation data of a soap sample. 
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TABLE 1 TABLE 2 

The Forced Oxidation DSC and Odor Evaluation Data of  Soap 
Pel let  Samples  

Forced Oxidation Data of  Soap Bar Samples  

Forced oxidation time (min) 
Forced oxidation time (min) 

Antioxidant  Ant ioxidant  a Induction Initiation 
(% in soap a) Induction Initiation Odor scores b 

None 5.4 5.7 
None 14.2 16.9 5.0 BHT 13.2 14.8 
BHT ~ (0.03) 15.0 16.4 5.5 DTPA 14.8 18.0 
DTPA ~ (0.2) 16.3 18.7 6.0 HEDP 17.5 18.7 
HEDP e (0.2) 17.5 18.7 7.0 BHT/DTPA 16.7 18.5 
BHT/DTPA (0.03/0.2) 17.3 19.7 7.0 BHT/DTPA/HEDP 17.9 19.0 
BHT/DTPA/HEDP 17.9 19.2 7.5 

(0.03/0.1/0.1) 

a Soap from 85% tallow fat ty acid/15% coconut fatty acid blend. 
The odor evaluation was performed on a scale of 1-10; a value of 10 
denotes total  absence of rancid odor formation. 

c Butylated hydroxytoluene (2,6-di-t-butyl-4 methyl phenol). 
4 Diethylenetriaminepentaacetic acid. 
e Hydroxyethylidene 1, 1-diphosphonic acid. 

a See Table 1 for the identification of antioxidants,  their  quant i ty  in 
soap pellets, and  composition of soap. 

In  a s t u d y  o f  t h e  e v a l u a t i o n  o f  b a r  s o a p  o x i d a t i o n  
s t a b i l i t y  b y  t h i s  m e t h o d o l o g y ,  a n u m b e r  o f  s o a p  b a r s  w e r e  
p r e p a r e d  f r o m  t h e  s o a p  p e l l e t s  c o n t a i n i n g  v a r i o u s  a n t i -  
o x i d a n t s  in  Tab le  1. All  t h o s e  b a r s  a l so  c o n t a i n e d  a s m a l l  
q u a n t i t y  o f  a n  o p a c i f i e r  (TiO2) a n d  a p e r f u m e  (1%).  T h e  
f o r c e d  o x i d a t i o n  d a t a  ( T a b l e  2)  r e v e a l  t h a t  t h e s e  s o a p  
b a r s  a l s o  s h o w e d  d i s t i n c t  o x i d a t i o n  i n d u c t i o n  a n d  i n i t i a -  
t i o n  p o i n t s .  A l o n g - t e r m  s t a b i l i t y  s t u d y  s h o w e d  t h e  

c o n c o r d a n c e  o f  o x i d a t i o n  d a t a  n o t e d  in T a b l e  2 w i t h  
obse~-eed s e n s o r y  o d o r  p r o f i l e  o f  t h o s e  s o a p  b a r  s a m p l e s .  
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