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Effect of Sugars and Sugar Alcohols on Autoxidation of 
Safflower Oil in Emulsions 1 
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General Foods Corp., White Plains, NY 10625 

A B S T R A C T  

Oxygen absorption rat~s were measured on liquid 
emulsions cont'~ming safflower oil and glycerol, 
sugars or sugar alcohols. Stability to oxidation 
improved as the level of added cow,pound was in- 
creased, Emulsion viscosities were h]gher, and resist- 
ance tc creaming was bet ter  at the higher 
concentrat ions o f  additives. It is suggested that diffu- 
sion of  oxygen through the oil-water interface is the 
rate determining step whi~:h is probably slower at 
high viscosity and in the absence of  creaming. Freeze- 
dried emulsions containing safflower oil, protein, 
polyols and anionic surfactant oxidized more rapidly 
titan did those samples in which either po]yoI or 
surfaetant was omitted.  The differences in oxidation 
rate could be accounted for on the basis of  degree of  
oil dispersion and porosity of the dried particles. No 
evidence has been found for any true antioxidant or 
pro-oxidant effect o f  these compounds .  

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

There is conflicting information m the literature con- 
cerning the effect ~f sugars on the autoxidation of  fals. 
Ribose, ribitol and D-2-deoxyribose were found to inhibit 
peroxidat ion of  methyl  linoleate (1), but, in liquid emul- 
sion systems, ribose and other monosaccharides were shown 
to be rather strong pr~xidants for this ester (2). Alcohols 
such as glycerol, xy~itol, sorbitoI, and maltitol in: ieased the 
stability of  lard in biscuits, but only xytitol functioned with 
linoleie acid (3). Browing reactions are known to generate 
pigments which have some antioxidant activity, but re- 
cently it was reported zhat most of  this activity is de- 
veloped at early stages of heating so that the effective 
stabilizers may actually be colorless (~-). This observation 
has been confirmed in our laboratory. Oxidation rates in 
ttte presence of reducing disaccharides such as morose ,  
lactose or celtobiosc were more rapid than in the prcsence 
c~f nonreducing disar such as sucrose (2). 

The objective of  our work was tc determine the behavior 
of  common sugars and sugar alcohols toward a polyun~ 
saturated oil in emulNon systems. Safflower oil was selected 
as typical of  an oil which is difficuh to stabilize. The 
compounds tested included sucrose, dextrose,  glycerol and 
sorbitol. In order tc avoid heat and the possibility of 
complications from browning reactions, storage stability 
tests were carried out at room temperature.  Anionic sur- 
factants were selected which gave prolonged stability to 
creaming and phase separation in the lJ_quid emulsions so 
that  it was possible to follow the progress of  oxidat ion over 
a period of several weeks (5), Some preliminary work was 
also carried out on freeze-dried emulsion systems. 

1presented u~ 69th Annual AOCs Meeting, St. Lt~uis, May t97& 

E X P E R I M E N T A L  P R O C E D U R E S  

Materials 

Refined safflower oil was obtairted from the Pacific 
Vegetable Oil Co.. San Francisvo, CA. This oil contained ne 
added antioxidants. Sodium steamyl-2-1acwlate (Emplex) 
was from Patco Products Co., Kansas City, MO. Succi~o- 
ytated Monogiyccrides (SM(;) were obtained from Eastman 
Chemical Products, Inc., Kingsport, TN. Sodium caseinate 
was a product of the New Zealand Daiw Board. Promine D 
was produced by Central Soya, Chicago. IL+ Sucrose, 
dextrose monohydrate ,  sorbitM, and glycerol were all from 
J.T. Baker, Phillipsburg, NJ. 

Methods 

Wet emu]sions were prepared by dissolving sugar or sugar 
alcohol in distilled water, dispersing anionic snrfactant and 
adjusting pH where indicated with O.l N NaOH. Oil was 
added and the mixture was homogenized for 3 rain using a 
Tekmar Probe at maximum speed (Model SD45N from 
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FIG. 1, O-xygen ~bso~tion ef safflower oil in liquid emulsions 
containing sucrose. 
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Tekmar  Co., Cincinnati ,  OH). Emulsion tempera tures  
increased from 30 to  ca. 60 C during homogeniza t ion .  All 
of the emulsions prepared in this report  contained 25% 
liquid safflower oil wi th  the  except ion of  those shown in 
Fig. 6. In this lat ter  series the oil con ten t  was varied over 
the  range 6.25 to 43.75%. In each case the  balance of the 
emulsion consisted of  water  or a solution of  sugar in water  
at various concent ra t ions  as shown in the Figures. Emplex 
was included at the  1% level in oil cases except  with  Fig, 5 
in which  a series of Emplex levels (0.5 to 4% ) were tested. 

Oxygen absorpt ion  rates were measured on 20 g samples 
in duplicate at room temperature  in the dark following the  
me thod  of Bishov (6) with a modiEeat ion  as previously 
described (7). Emulsion stability measurements  were made  
using pulsed NMR by a me thod  publ ished recent ly (8,9). 

Freeze-dried emulsions were prepared by blending 
protein,  sugar, and /or  Emplex. This naixture was dispersed 
in distilled water  at 50 C, safflower oil was added and the  
emulsons c~ntaining ca. 60% H 2 0  were homogenized  using 
the Tekmar Probe. They were frozen immedia te ly  in 
shallow trays with dry ice and were then freeze-dried for  48 
hr. 

Average particle size determinat ions  were made  oi1 
freshly- prepared emulsions and on freeze-dried, rehydra ted  
emulsions with a Coulter  Counter  (Model TAIl ,  Couiter  
Electronics, Hialcah, FL). All measurements  were obta ined 
with a 3 0 m i c r o n  aperture cell ( t0 ) .  Porosities of  dried 
powders were measured using an Aminco Porosimeter  
(American Ins t rument  Co., Silver Springs, MD), fol lowing 
the procedure  out l ined  in the manual  furnished with this 
ins t rument .  Moisture contents  were determined on the  
powders by heat ing them for 2 hr  at 105 C and measuring 
weight loss in a Brabertder Oven (Brabender  C o r p ,  Rochelle 
Park, NJ). 

R E S U L T S  A N D  D I S C U S S I O N  

Results of  oxygen absorpt ion  rate exper iments  on liquid 
oil-in-water emulsions are shown Ln Figure 1. These are 
average values for duplicate samples which showed good 
agreemertt unt i l  ox ida t ion  had  become extensive. Without  
any sugar in the aqueous phase, the  oxidat ion rate was 
rapid with no  induct ion  period. But as the  level of  sucrose 
was increased, oxidat ion became progressively slower so 
tha t  at the highest levels there appears to  be s t rong inhibi-  
t ie n .  

One possible explanat ion for this  effect  is a decreased 
concent ra t ion  of  oxygen in the  aqueous phase as the level 
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FIG. 3. Oxygen absorption ~f safflower oil in liquid emulsions 
containing glyocml. 

of  sugar is raised. Alse at levels of  sugar of  50% or more  in 
the  aqueous phase the samples became very viscous. We 
suggest tha t  if diffusion of  oxygen th rough  the oil-water 
interface is rate controll ing,  then slower rates might be 
expected as viscosity is increased. It was observed that  the  
very rapid phase of  oxida t ion  with many o f  the samples 
began only after several weeks of  storage. Tht~ la t ter  phase 
coincided approximate ly  with the  appearance of creaming. 
As oil globules rise to produce  an oil-rich emulsion near the  
surface, oxygen should be more accessible. 

"Co determine if there was a cotTelation be tween  rate of  
oxidat ion and stabili ty to creaming, emulsion stability 
measurements  were made on  the  samples in Figure t (8,9). 
Samples were s tored in constant -bore  tubes,  and  at intervals 
in the  d is t r ibut ion  of oil t h roughou t  each tube  was de- 
te rmined using pulsed NMR. One example of  the  results 
obta ined,  after 30 days storage, is shown in Figure 2. The 
vertical dot ted  lines represent  the  oil d is t r ibut ion in the 
tubes as originally prepared.  During storage the  dis t r ibut ion 
changes so tha t  the  upper  por t ions  become enr iched while 
the lower por t ions  become more lean. As the  percentage of  
sucrose in  the  emuls ion increases, the  a m o u n t  of creaming, 
as measured by the  cumulat ive  deviation f rom the vertical 
dot ted  line, becomes progressively less. 

The storage test shown in Figure 1 was repeated with a 
similar series of  samples except  tha t  succinoylated mono-  
glycerides (SMG), adjusted to pH 7.0, were subst i tu ted  for 
Emplex. The results were almost identical  to  those shown in  
Figure 1. When sorbi to l  was subs t i tu ted  for  sucrose, using 
Emplex at pI- /6 .2 as surfac tant ,  the  results also resembled 
those shown m Figure 1. In the interests o f  brevity these 
data have no t  been included. 



744 JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCEETY u :56 

MoO/KS 

+~ 
160 

120- 

80' 

40. 

50% Sucrose in HzO PHASE 
I% E ml~lex 

PH 6.2 

PH 7.2' 

H 8 . 2  

4 B 1'2 

67% SLJcrose in H20 PHASE 
PH 6,2 
Various Emolex Levels 

8O4 

60 

40-  

20- 

0,5% 

4% 

20 4O 60 

D~YS AT R,T, 

FIG. 5. Effect of Emplex level on oxygen absorption of  saf- 
flower eli in liquid emulsions. 
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FIG. 4, Effect of p [ t e n  oxygen abs~rpth+n of +afflower el| in 
liquid cmul+ion+. 

When either glycerol or dextrose was used with Emplex 
(Fig. 3), ox~datXon rates were more rapid with all tile 
samples. But the same pattern of  reduced rates at highe~ 
carbohydrate levels stilt held. Only the results for glycerol 
are shown here since those for the dextrose series were 
quite simitar. Viscosities of emulsions containing either 
dextlose or glycerol are muck lower than those containing 
comparable levels of  sucrose. Also the sucrose-containing 
emulsions are more resLstant to creaming than are those con- 
raining dextrose. In all cases, the samples wffhout added 
carbohydrate creamed within the first few days of  storage, 
and they oxidized rapidly with no induction periods. 

Figures 4 and 5 illustrate the effects of pH and emulsi- 
fier concentra t ion on oxidation rate. At the same level o f  
sucrose (50%in H~O phase) stability to oxidation improves 
over the pH range 6-.2 to 8.2. There is a cor~csponding 
decrease in extent  of creaming at tl~c highez pHs probably 
due to a greater negative charge on the oil droplets as more 
anion migrates to the oil-water interface. Raising the level 
of  surfactant from 1 to 2% had a marked effect on resist- 
ance to oxidation.  Oar results a~so showed improved 
stability to creaming at this higher surfaetaat  level. 

All the experiments  deserzbed thus far wcre run at a 25% 
level of safflower oil in the emulsions. Figure 6 illustrates 
the effect of variations in oil level over the range 6.25- 
43.75%, A steadily increasing resistance to oxidation is 
observed as the off level is increased incrementally. In this 
series the sucrose level was held constant  while water 
content  was the variable. It agpeats that the sugar/H20 
ratio is the factor which cot:elates with oxidative stability. 
In this storage test, the emulsion weights were adjusted so 
that each sample contained the same amount  of oil. 

Having demonstra ted that  certain sugars and sugar 
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TABLE t MeQ)K9 
Freeze-Drie;I Emulsions 

6 0 "  

Sample 
% 1 2 3 4 

Safflower o i l  90.9 83.5 76.9 71.5 
Sodium caseiBate 9.1 8.4 7.7 7.1 
Sucrose . . . .  1 S .4 14.3 50 ~ 
Emplex --- 8.3 --- 7.1 
H20 ' 0.28 0.30 0,40 0.10 

Wilh prutrrine D-sucrose 

H20 0.33 0.10 0.70 0.22 40" 

With premlne D-dextrose 

H20 0.33 0, 10 1.20 1.30 

a l coho l s  appea r  to s tabi l ize  sa f f lower  oil in t iquid  e m u l -  
s ions ,  the  tes t s  were  t h e n  e x t e n d e d  t o  f reeze-dr ied  s y s t e m s .  
It was necessa ry  to i n t r o d u c e  a m a t r i x  ma te r i a l  so  tha t  
d ry ing  could  be a c c o m p l i s h e d  to yield f ree- f lowing,  
h o m o g e n e o u s  powde r s .  S o d i u m  case ina te  ~ad s o y  isola te  
( P r o m i n e  D) were used  to  p repare  e m u l s i o n s  c o n t a i n i n g  ca. 
60% H 2 0  as s h o w n  in Table I. The  dr ied  p o w d e r s  c o n t a i n e d  
res idual  m o i s t u r e s  in the  range  0 . l  t o  1.3%. Over  th is  rang% 
the  m o i s t u r e  c o n t e n t  appea red  to have no e f fec t  on  oxida-  
t i on  rates .  F igure  7 s h o w s  t h a t  s amples  1 , 2 ,  and  3, wh ich  
c o n t a i n e d  p ro te in ,  p ro t e in  a n d  E mpl ex ,  or t~rotein and  
sugar ,  r e spec t ive ly ,  ox id i zed  m o r e  s lowly t h a n  did the  
con t ro l  w h i c h  was sa f f lower  oil  a lone .  Sample  4, h o w e v e L  
wh ich  c o n t a i n e d  p ro t e in ,  E m p l e x ,  and  sugar  ox id i zed  
s ign i f ican t ly  fas te r  t h a n  did t he  con t ro l .  T h i s  e x p e r i m e n t  
was r epea t ed  th ree  t imes  as s h o w n  in Table  I, w i th  s o d i u m  
casema te  and  suc rose ,  wi th  Protraine D and ~oerose,  a n d  
wi th  P i o m i n e  D and  dex t ro se .  All t h ree  e x p e r i m e n t s  gave 
resu l t s  very  m u c h  like t hose  s h o w n  in Figure  7. 

In an  a t t e m p t  to  exp la in  t h e s e  u n e x p e c t e d  resu l t s ,  t h e  
sizes o f  t h e  oil d rople ts ,  be fo re  d ry ing ,  were m e a s u r e d  us ing  
a Cou l t e r  Coun te~ .  T h o s e  sampie~ c o n t a i n i n g  s o d i u m  
case ina te  or  case ina te  wi th  suga r  had an  average oil d rop le t  
size o f  a b o u t  8 m i c r o n s ,  whe reas  t hose  samples  c o n t a i n i n g  
E m p l e x  were in the  range 1-1.5 mi c rons .  Bu t  t h e  m u c h  
larger in te r fac ia l  area iit b o t h  o f  the  la t te r  s amples  does  n o t  
exp la in  w h y  on ly  one  o f  t h e m  ox id ized  rap id ly .  Af t e r  
f r eeze -dry ing  and  r e h y d r a t i o n ,  s amples  1-3 f r o m  Table  [ 
inc reased  in  size to an  average in the  r ange  11-20 m i c r o n s ,  
whe reas  s amp le  4 n o w  had  art average oi] d r o p l e t  size o f  5 
mic rons .  I t  appea r s  t h a t  a c o m b i n a t i o n  o f  s o d i u m  casein-  
ate,  E m p l e x ,  a n d  suc rose  gives a h i gh l y  d i spersed  s y s t e m  
wh ich  is s table  to  eoa ieseence  or a g g l o m e r a t i o n  du r ing  
drying.  Th i s  m e a n s  t ha t  s ample  4 ,  in  t he  dr ied  c o n d i t i o n s ,  
c o n t a i n s  a very  large in ter rac ia l  area relative to  the  o t h e r  
s a m p l e s  t e s t ed ,  

P o r o s i t y  m e a s u r e m e n t s  were also m a d e  on  the  dr ied  
p o w d e r s  us ing  an A m i n c o  Po ros ime te r .  Poros i t ies  (in COld) 
were 0 .47  for  s am p t e  1, 1.00 for sample  2 , 0 , 7 1  fo r  s amp le  
3 and  2 .28  for  sampi~  4. Th i s  m e a n s  tha t  s a m p l e  4 had  a 
po ros i ty  w h i c h  was  2 to  5 t imes  g ;ea te r  t h a n  ar~y o f  t he  
otl~ers. Since it  had  a m o r e  open  s t r u c t u r e ,  p r e s u m a b l y  
o x y g e n  t r an s f e r  to t e e  i n t e r io r  s h o u l d  be m o r e  rapid .  

We believe t h a t  t he  a p p a r e n t  a n t i o x i d a n t  e f f ec t  o f  sugars  
and  sugar  a lcohols  on sa f f lower  oil in e m u l s i o n s  can  be 
a c c o u n t e d  for  on t h e  basis o f  the  phys ica l  p r o p e r t i e s  o f  the  
s y s t e m .  In we t  emtLlsions,  v i scos i ty  and  s t ab i l i ty  to  c r eam-  
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FIG. 7. Oxygen ahsorpt(en of safflower oil in &eeze-dticd 
~mu]sio~. 

ing  and phase  s e p a r a t i o n  m a y  be the  d e t e r m i n i n g  fac tors .  In 
the  f reeze-dr ied  s y s t e m ,  the  degree  o f  dispersiort  o f  t h e  oil 
d rop le t s  and  the  p o r o s i t y  o f  t he  par t ic les  m a y  be ra te  
de t e rmin ing .  No  ev idence  was o b t a i n e d  t ha t  c a r b o h y d r a t e s ,  
in the  absence  o f  b r o w n i n g  reac t ions ,  will have a n t i o x i d a n t  
p r o p e r t i e s  based on  the i r  chemie ' ,d  s t r uc tu r e s .  
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