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A N  HPLC M E T H O D  F O R  THE AllTALYSIS O F  GLYCEROL A N D  OTHER 
GLYCOLS I N  SOAP 

E .  D .  GEORGE and J .  A .  A C Q U A R O ,  B r a d f o r d  L a b o r a t o r y  
O r i g i n a l  B r a d f o r d  Soap Works,  I n c .  
Wes t  W a r v i c k ,  Rhode I s l a n d  0 2 8 9 3  

ABSTRACT 

A method has b e e n  d e v e l o p e d  t o  s e p a r a t e  and quan- 
t i t a t e  g l y c e r o l  ( 1 , 2 , 3  P r o p a n e t r i o l )  in soap v i a  H P L C  
u s i n g  r e f r a c t i v e  i n d e x  d e t e c t i o n .  The method has good 
r e p r o d u c i b i l i t y  and a c c u r a c y ,  and can  be a c h i e v e d  in 
30 m i n u t e s  o r  l e s s ,  i n c l u d i n g  sample p r e p a r a t i o n ,  and 
compares w e l l  w i t h  s t a n d a r d  methods .  The d e t e c t i o n  
of o t h e r  g l y c o l s  common t o  t h e  soap  and c o s m e t i c s  i n -  
d u s t r y  i s  a l s o  d e s c r i b e d .  

I N T R O D U C T I O N  

Soap m a n u f a c t u r e r s  f i n d  i t  i m p o r t a n t  t o  m o n i t o r  

t h e  g l y c e r o l  c o n t e n t  o f  soap f o r  s e v e r a l  r e a s o n s .  

F i r s t ,  e x c e s s i v e  g l y c e r o  1 may a d v e r s e l y  a f f e c t  pro-  

duct i .on p r o p e r t i e s  by c a u s i n g  soap t o  become t o o  

h y d r o s c o p i c .  Second,  t o o  l i t t l e  g l y c e r o l  c o u l d  r e d u c e  

t h e  p l a s t i c i t y  of t h e  soap  and d e c r e a s e  t h e  e m o l l i e n t  

and humectant  q u a l i t i e s  o f  g l y c e r o l ,  which  i s  an i m p -  

o r t a n t  p r o p e r t y  in t h e  soap and c o s m e t i c  i n d u s t r y .  

G l y c e r o l  is a n a t u r a l  b y - p r o d u c t  f r o m  t h e  sapon-  

i f i c a t i o n  of t r i g Z y c e r i d e s  ( F i g u r e  2 1 .  The y i e l d  of 

g l y c e r o l  is d e p e n d e n t  upon t h e  c o m p o s i t i o n  of t h e  t r i -  

927 
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928 GEORGE AND ACQUARO 

Figure 1 

Triglyceride 
0 
II 

R- C - OCH2 - 
CH2- OH 
I 

I 
+ 3NaOH + CH-OH 

O I  I I  
R- C- OCH 

O I  CH2-OH 
II 

R- C- OCH2 

Triglyceride Alkali Glycerol 

Fatty Acid 

0 0 
II II + NaOH ___) R-C-ONa R -C- OH 

0 
II + 3R-C- ONa 

Soap 

+ H20 

Fatty Acid Alkali Soap 

g Z y c e r i d e  mix and t h e  amount o f  p r o c e s s i n g  t o  r e c o v e r  

g Z y c e r o l  f r o m  t h e  s o a p  making p r o c e s s .  T y p i c a Z Z y ,  

during t h e  p r o d u c t i o n  of soap  f r o m  Beef  TaZZow and 

c o c o n u t  o i Z ,  t h e  residual g l y c e r o l  c o n t e n t  i n  s o a p  

v a r i e s  f rom 0 . 5 %  t o  3 . 0 % .  When s o a p s  a r e  d e r i v e d  

f r o m  f a t t y  acids (Figure 1 )  r a t h e r  t h a n  t r i g l y c e r i d e s ,  

no g l y c e r i n e  is p r o d u c e d ,  however many m a n u f a c t u r e r s  

choose  t o  add g l y c e r o l  b e c a u s e  of  t h e  b e n e f i t s  p r e -  

v i o u s l y  m e n t i o n e d .  O t h e r  gZycoZs a r e  used  i n  t h e  

soap  i n d u s t r y ,  s u c h  as  D i e t h y  Zene GZycoZ, PropyZene 

GZycoZ, e t c .  f o r  t h e i r  p Z a s t i c i z i n g  and c o s m e t i c  e f -  

f e c t s .  
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GLYCEROL AND OTHER GLYCOLS I N  SOAP 929 

There has b e e n  much i n v e s t i g a t i o n  of gZyceroZ and 

r e Z a t e d  compounds u t i l i z i n g  HPLC i n  v a r i o u s  f i e l d s ,  

b u t  a p p a r e n t l y  n o t  in t h e  soap i n d u s t r y  ( 1 - 5 ) .  Trad-  

i t i o n a Z  w e t  method a n a l y s i s  ( 6 , 7 )  i s  t e d i o u s  and t i m e  

consuming,  w i t h  t h e  m a j o r i t y  of t i m e  s p e n t  on sample 

p r e p a r a t i o n .  The average  t i m e  p e r  a n a l y s i s  is two h o u r s .  

Because of t h e s e  drawbacks,  we have d e v e l o p e d  and p r e s e n t  

h e r e  a r a p i d  and a c c u r a t e  p r o c e d u r e  f o r  t h e  d e t e r m i n a t i o n  

of gZyceroZ i n  soap v i a  HPLC. We a l s o  p r e s e n t  d a t a  on 

t h e  d e t e c t i o n  of o t h e r  g l y c o l s  in v a r i o u s  soap m a t r i c e s .  

EXPERIMENTAL 

Mat e r i a  I s  

GlyceroZ 9 9 .  7 %  and 1 , 2 , 4  B u t a n e t r i o Z  9 5 %  were ob- 

t a i n e d  f r o m  A Z d r i c h  Chemical Company. Commercial soap 

b a s e  (85:15 Sodium TaZZowate: S o d i u m  C o c o a t e )  , produced  

a t  O r i g i n a l  B r a d f o r d  Soap Works,  was used  t h r o u g h o u t  

t h e  s t u d y .  A l Z  s o l v e n t s  were HPLC grade and were f i 2 -  

t e r e d  t h r o u g h  a 0.51.4 M i l z i p o r e  f i l t e r  b e f o r e  u s e .  

HPLC A p p a r a t u s  

The a p p a r a t u s  c o n s i s t s  of a c o n s t a n t  d e l i v e r y  

pump ( W a t e r s  A s s o c i a t e s ,  Milford, MA,  model 6000A) 

f i t t e d  w i t h  a S e p t u m l e s s  i n j e c t o r  ( W a t e r s  A s s o c i a t e s  

mode2 U6K) h a v i n g  a 2000 U Z  Zoop. 

The a n a l y t i c a l  s e p a r a t i o n  was p e r f o r m e d  on a 

s t a i n Z e s s  s t e e l  r e v e r s e  p h a s e  column,  ( W a t e r s  Assoc-  

i a t e s  Carbohydrate  A n a Z y s i s ,  10  u,  3 .9  mm IDX 30 c m )  
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930 GEORGE AND ACQUARO 

p r e c e e d e d  by an i n - l i n e  precolumn f i l t e r  1.451.4). A 

d i f f e r e n t i a 2  r e f r a c t o m e t e r  ( W a t e r s  A s s o c i a t e 8  Mode 2 

4 0 1 )  was used  t o  d e t e c t  and q u a n t i t a t e  t h e  g Z y c o l s .  

- HPLC Con& t i o n s  

The optimum m o b i l e  phase  c o n s i s t s  of a 9 2 . 5 : 7 . 5  

a c e t o n i t r i l e - w a t e r  m i x t u r e .  Flow r a t e  was m a i n t a i n e d  

a t  1 ml/min .  The i n j e c t i o n  s i z e  f o r  t h e  a n a l y s i s  was 

5 0  uZ f o r  b o t h  t h e  s t a n d a r d  s o Z u t i o n s  and sample s o l -  

u t i o n s .  The l e v e l  of g l y c e r o l  i n  a g i v e n  soap was 

c a l c u l o t e d  from t h e  s t a n d a r d  c u r v e s ,  based  on  i n t e r n a l  

s t a n d a r d  t e c h n i q u e s .  

Sample P r e p a r a t i o n  

S tandard  S o l u t i o n s  f o r  c a l i b r a t i o n  work ( 1 . 0 0 9 7 -  

1 0 . G 9 7  u g / u Z )  u e r e  made by d i s s o L v i n g  gZycero1  i n  tlze 

m o b i l e  phase 1 9 2 . 5 :  7 . 5  c c s t o n i t r i 1 e : w a t c r ) .  

Soap  o.oluti .cno f o r  chromatography were p r e p a r e d  by 

adding  5 gms of soap t o  50 rrl Gf  m o b i l e  ph.ase,  and 

b l e n d e r i z e d  f o r  1 0  m i n x t e s .  Th.e m a t e r i a l  was t h e n  PCl- 
t e r e d  thpough a # 5 4 1  Nhrttnan p a p e - ’ l ,  t h e n  c Z a r i f i e d  t h r o u g h  

a 0 . 4 5  u A c r o d i s c  R-CR (Celvzan) f i l t e r .  

W U E  t h e n  mixed 1 : 1  w l t h  6 . 2 3 0  zrg,’ul of 1 , 2 , 4 ,  B u t a n e t r i o l  

i n t e r n a l  s t a n d a r d .  T k i . 9  r r ix ture  is now r e a d g  f o r  i n j e c t i o n .  

T h S s  m a t e r i a l  

Scapi: L?ot:taining known amounts  of y l g c e r o l  were p r o -  

p a w d  by  a d d i n g  g l u c e r o l  t o  an 8 5 : 1 5  t a t l o w  coconu-t  f a t t y  

a c i d  m i x t u r e ,  t h e n  n s u t r a Z i z i n g  w:th sodiuni h y d r o x i d e .  

T h e  i - e s u l t i n y  soap was a i p - d r i e ?  t h e n  b l e n d e r f z e d  t o  i n s u r e  

u n i f o r m i t y .  
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GLYCEROL AND OTHER GLYCOLS IN SOAP 931 

Soap s o l u t i o n s  f o r  standard methods  a n a l y s i s  zoere 
8 

pi3epared v i o  P B T K  me t l iod  D 4 6 0 .  

RESULTE A V D  DISC' ISS ICN ~- 
Pre Ztminary i n v e s t i g a t i o n  of optimum HPLC condi t io7:s  

lias per formed on a v a r i e t 9  o f  columus u s i n g  v n r i o u s  m o b i l e  

F h a s e s ,  a s  r e p o r t e d  by o t h e r  i n . v e s t i g a t o r s  ( 2 , 3 , 8 ) ,  The 

t y p e s  cJ" columns ranged frcrr Pi.Zica, s-IZica i m ; : w g n a t e d  

w i t h  nmine i n o d i f i e r s  and s p e c i a l t y  colilnins. T h e  m o b i l e  

p h a s g 6  z i s % a l l y  c o n s i s t e d  of zjarious m?:XtuPeS CJf <ic?GtoT?C?PiZe 

nizd ccter2. O n c  m z j c r  problem tre o b s e r v e d  w i t h  t h e s e  ccn- 

d i t i p n s  u a s  t h a t  t h c  r e t e n t - l o n  t i n s  of  g l y c e r o l  U U Y  v e ~ y  

clL7se t o  t h e  v o i d  vo lume,  E f f o r t s  t o  i n c r e a s e  t h e  

r s t e n t i o n  t i m e  b y  changing  opera.bing parame t a r s  pz'oved 

u n s k c c e s s f u l .  We d i d  o b s e r v e ,  however ,  t h a t  c! .?ove7'se 

p h a s e  "Carbohgd.?nte Ar,aZysis"  coZun;n p r o v i d z d  E X C ~  l l e n t  

r e t e n t i o n  t i m e  and  good peak  stjmmetry u s i n g  a 9 2 . 5 : 7 . 5  

a c e t o n i t r i l e - w a t e r  m o 5 i l e  p h a s e  ( F i g u r e  2,J .  

Sump l e  p r e p a r a t i o n  i ~ a s  of prinie c o n s i d e r a t i o n  osinae 

g l ~ r c e r o t  and  soap have  mutu .a l  s o l u b i l i t y  c h a r a c t e r i s t i c s ,  

wk-tch c o u l d  c r e a t e  i n t e r f e r e n c e  p r o 3 l e m s .  Ve d i s c o v e r e d  

t k a t  w'2en 5 %  soap so lu t l : i .ns  i.n w a t e r  idhere i n j e c t e d  undor  

opt imun? c o n d i t i o n s ,  ( s e e  IIPI,C c o n d i t . i o n s  t h e  r e s u  2 t i n g  

chromatograph gave poor  r e s c l u t i o n ,  p o o r  peak  f i y m m c z t r g  and 

an i n t e r f e r e n c e  b;l t h e  s a m p l e  s o t v e n t .  O t h e r  srxm;?le s o l -  

v e n t f i  wer>e t r i e d  w i t h  no success .  To c i r c u m v e n t  thi6 prn-  

b lem,  t h e  m o b i l e  p h a s e  was u s e d  as  t h e  sample s o l v e n t .  Be- 
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932 GEORGE AND ACQUARO 

Figure 2 

HPLC Chromatogram of Pure Glycerol 
Using Stainless Steel Carbohydrate Analysis Column 

5.2% Glycerine in Mobile 
25 11 

I 
5.2% Glycerine in Mobile 

25 11 

cause  o f  t h e  p c o r  s o l u b i l i t y  of soap i n  a c e t o n i t r i l e ,  we 

d e v e l o p e d  a b l e n d i n g  t e c h n i q u e  t o  e x t r a c t  t h e  g Z y c e r o l  

which  is s o l u b Z e  .in low c o n c e n t r a t i o n s  i n  a c e t r o n i t r i l e ,  

f r o m  t h e  s o a p  i n t o  t h e  m o b i l e  p h a s e .  T h i s  b l e n d i n g  o p e r -  

a t i o n  p r o d u c e s  a l o o s e  p a s t e - Z i q u i d  w h i c h  i s  e a s i Z y  f i l -  

t e r a b l e .  T h e  b l e n d e r  s h o u l d  be l a r g e  enough and have s u f -  

f i c i e n t  mechanical  a c t i o n  t o  d Z s i n t e g r a t e  t h e  soap i n  t h e  

mobiZe p h a s e ,  f a c i z i t a t i n g  t h e  e x t r a c t i o n  of t h e  g l y c e r o z .  

T h i s  t e c h n i q u e  e n a b l e d  us t o  e l i m i n a t e  any i n t e r f e r e n c e s  
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GLYCEROL AND OTHER GLYCOLS IN SOAP 933 

Figure 3 

HPLC Chromatogram of Glycerol in Soap 
Extracted by Blender Method 

fzvom t h e  :;.oap and sample s o l v e n t  r e s u l t i n g  i n  a good chrom- 

a t o g r a p h  ( F i g u r e  3 1 .  

An i n t e r n a l  s taridard 7das employed f o r  q u a n t i t a t i o n .  t o  i n i n -  

i rnize  opera . tor  .wid s a m p l e  p r e p a r a t < o n  eri-or .  I ,  2 , 4  Butane-  

t r i o 1  was a s u i t a b i e  i n t e r n a l .  s t . a n d a r d  s i n c e  i t  *:as s t a b l e  

i.n t h e  s o l i ~ e n t ;  sys terr ,  d i d  not i n t e i - f e r e  w i t h  any  o t h e r  

compounds of intere . . ;  t and e x h i b ; t e d  good d e t e c t o r  r e s p o n s e  

( F i g u r e  4). 

T o  d e t e r m i n e  t h e  p r e c i s i o n  a n d  a c c u r a c y  of  t h e  p r o -  

c e d u r e ,  we e s t a b l < s h e d  a c a l i b r a t i o n  c u r v e  r e s u l t i z g  f r o m  
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934 GEORGE AID ACQUARO 

I 

Figure 4 

Peak identities: (1) 1,2,4 Butanetriol 
Internal Standard (2) Pure Glycerol 

HPLC Chromatogram of Pure Glycerol 
with Internal Standard 

i n i e e t i n g  v a r i o u s  c o T i c e n t r a t i o n s  o f  g l y c e r o l  u i t h  t h e  i.n- 

t e r n 0 1  s t a n d a r d .  The r a t i o  of ~ a n i p l e  peak  a r e a  t o  s t a n d -  

a r d  peak  a r e a  was measured ( T a b l e  I !  and p l o t t e d  ( F i g u r e  

5 1 .  S p i k e d  s a m p l e s  were  p r e p a r e d  b y  adding known amounts  

of g l y c e r o l  t o  s o a p .  T h e s e  s p i k e d  .sanip7zs x e r e  a n a l y z e d  

b y  & h i s  new EP.5C p r a c z d u r e  .,.ith eace1 ,Zen t  r e s u l t s ,  a s  

.sho;7n in T a b l e  IT. A compn.riison. s t u d y  v a s  u n d e r t a k e n  

?:y7jolving t h e  new 'r.PL,C p r o c e d u r e  and t h e  s t n n d a z ~ d  me Lhod 

O S T N  D 4 6 0 ) ,  l J ) i t h  sonps  of knoun g l y c e r o Z  c o n t e n t .  The 
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Table 1 
Calibration Table of Standard Mixtures 

Sample No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Amount Injected (pg) 

10.0970 

9.0873 

8.0776 

7.0676 

6.0582 

5.0485 

4.0388 

3.0291 

2.0194 

1.0097 

Peak Area Ratio x 10 

15.913 

15.399 

13.659 

12.069 

10.293 

8.641 

6.891 

5.245 

3.440 

1.768 

Figure 5 

Calibration Curve 
n 

MicrogramsIMicroliter 
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Recovery Data* 

1 

2 

I Sample No. I Amount Added (%) I Amount Recovered (%) I % Recovery I 
0.66 0.64 97.0 

0.68 103.0 

1.50 1.44 96.0 
1.48 98.7 

3 

4 

3.02 2.96 98.0 
3.00 99.3 

4.41 4.16 94.3 
4.32 98.0 

5 5.82 5.92 101.7 
5.76 99.0 

Figure 6 

6 

7 

HPLC Chromatogram of Various Glycols 

8.57 8.20 95.7 
8.40 98.0 

9.66 10.12 104.8 

1 

10.08 

4 Peak Identities: 
1) 36.5. Hexylene Glycol 
2) 44 . 1,3.Butylene Glycol 
3) 46.5 . Propylene Glycol 
4) 51 . Diethylene Glycol 
5) 71.5. 1,2,4-Butane Glycol 
6) 80.5 . Glycerol 

6 

104.3 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



GLYCEROL AND OTHER GLYCOLS I N  SOAP 

Sample No. % Glycerol (HPLC) O/’ Glycerol (Std. Method) 

1 1.55 1.53 

2 3.32 3.46 

3 5.36 5.34 

4 6.65 6.67 

5 9.50 9.42 

937 

% Actual 

1.42 

3.28 

5.67 

6.81 

9.42 

Table 3 
Comparative Analysis 

r e s u . Z t s  shotm in T a b l e  I.1.T d e m o n s t r a t e  good c o y v e l a t i o n  

b e t w e e n  t h e  two methods .  

F‘e examined o t h e r  t y p e s  of l e a d i n g  ~ o a p  p r o d u c t s  on 

t h e  m a r k e t ,  i n c l u d i n g  l < q u i d s ,  powders ,  and g e l s  by  t h i s  

neil y r o c e d u r e ,  a g a i n  u i t h  good agreement  w i t h  s t a n d a r d  

m e t h o d s .  

We a l s o  examined o t h e r  gZycoZs common t o  t h e  s o a p  and 

c o s m e t i c  i n d u s t r y  such  a s  hexy Zene g l y c o Z ,  p r o p y l e n e  g l y c o l ,  

and d i e t h y l e n e  g l y c o l  ( F i g u r e  6). These  compounds c o u l d  

be m o n i t o r e d  a l o n e  o r  i n  combinat:on during r o u t i n e  qualifg 

control a n n t 2 s i s .  

Co n. c 1 u s i o n 

Thi.s s t 1 r . d ~  has d e m o n s t r a t e d  t h e  u s e  o f  Y’everse phase  

HPLC a s  an a l t e r n a t e  method of a n a l y z i n g  g l y c e r o l  and o t h e r  

g l y c o l s  i n  soap produ.c t s .  A f t e l .  e s t a 3 l i s h i n g  c a l i b r a t i o n  

c r v z s ,  t h e  method i s  a p ~ p l i c a b l e  $0 r o u t i n e  a n a l y s i s ,  s i n c e  

o n l y  1 5  r i n u t e s  is r e q u i r e d  for sumple p r e p a r a t i o n  and  1 5  
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938 GEORGE AND ACQUARO 

m i n u t e s  f o r  t h e  L C  a n a l y s i s .  Phe s h o r t  p r e p a r a t i o n  t i m e ,  

combZned Ljith t h e  p i - e c i s i o r ,  and accuracy  o f  t h e  L C  a n a l y s i s ,  

p r o v < d e s  an c n a Z y t i c a 1  me.thod f o r  q u a l i t y  contro i !  of t h e  

glycoZs. Since N P L C  has g r o m  consi .derabZy o v e r  t h e  l a s t  

feu y e a r s ,  many l a b s  p o s s e s s  l i p L C  c a p a b i 2 i t i c . s  i n  t h e i r  

q u a E t y  c o n t r o l  p"og.pams. T h e r e f o r e  we b e l i e v e  this n e u  

method is a t t r a c t i v e  ?:n t e r m s  of s p e e d ,  a c c u r a c y ,  and p r e -  

cision O V E P  currer i t  standard methods .  
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