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Chemical Aspects Of Mayonnaise 
An Address Before the Mayonnaise 
Products Manufacturers Association 

BY D. M.  GRAY .1  

M 
A Y O N N A I S E  is seldom 

t h o u g h t  of as possess ing  
many  chemical  f e a t u r e s  

bu t  a r a t h e r  h a s t y  ana lys i s  of i t s  
composi t ion  and behav ior  discloses 
the  fac t  t ha t  i t  is closely l inked 
w i th  the  chemical ,  and  t h a t  chem- 
i s t r y  and chemical  eng inee r ing  can 
be of g r e a t  service  in exp la in ing  
ce r t a in  f ea tu re s  of i t s  behav ior  and 
in overcoming ce r t a in  difficulties. 

In  th i s  paper ,  a few of these  
chemical  aspects  will  be d iscussed 
briefly.  To cover ful ly  all the  
chemical  f e a t u r e s  of  mayonna i s e  
and  i ts  cons t i tuen t s  would be a ve ry  
la rge  u n d e r t a k i n g  and the  f indings 
would r equ i re  many  t imes  the  space 
requ i red  for  th i s  paper .  

Mayonna i se  d re s s ing  belongs to 
t h a t  class of subs tances  known as  
emulsions.  There  a re  two genera l  
types  of emulsions,  wa te r - in -o i l  and 
oi l - in-water .  I t  is w i th  emuls ions  
of the  o i l - in -wate r  t ype  t ha t  we a re  
chiefly concerned as mayonna i s e  
d re s s ing  belongs to th is  type.  

An emuls ion is a r a t h e r  pecu l i a r  
body, because while  i t  is gene ra l ly  
qui te  un i form,  one of the  compo- 
nents  is in a finely d iv ided  condi-  
t ion while  the  o ther  component  
is und iv ided  or cont inuous  and sur-  
rounds  complete ly  all of the  d iv ided  
por t ion .  

F o r  the  sake of f u t u r e  re fe rence  
we will  r e f e r  to the  d ivided por t ion  
as the  d ivided phase  and to the  
und iv ided  por t ion  as  the  cont inu-  
ous phase.  

~Chemical Engineer. Hazel Mtlas Glass Ca. 
i RePrinted b~ ~evmission from "The S~ce  

Mill.'" 

In an o i l - in -wate r  emuls ion ( l ike 
mayonna i se )  the  oil is b roken  up 
into  droplets ,  hence i t  is the  d iv ided  
phase,  while  the  w a t e r  is unbroken,  
so i t  is the  cont inuous  phase.  In  
a wa te r - in -o i l  emuls ion the  w a t e r  
is the  d ivided phase  and the  oil the  
cont inuous.  

Plate 1 
Craphic representation of two con- 

trasting types of emulsions 

Pla t e  1 is a d i a g r a m m a t i c  r ep re -  
s en ta t ion  of  the  two common types  
of emulsions.  On the left ,  the  di-  
vided drops  of w a t e r  a re  shown 
suspended in and su r rounded  by  
oil. F o r  th i s  reason,  we r e f e r  to  
th i s  t ype  of emuls ion as the  Water-  
i~-oil. 

On the r i g h t  is the  commoner  
type,  t ha t  of  oil-in-water in which  
we are  p a r t i c u l a r l y  i n t e r e s t ed  on 
account  of mayonna ise .  In  th i s  
t ype  you will  note  t h a t  the  drops  
of oil ( the d iv ided  phase)  a re  sus-  
pended in and su r rounded  by  w a t e r  
( the  cont inuous  phase ) .  

Mayonna i se  dress ing ,  milk,  van-  
i sh ing  cream, and many  p h a r m a -  
ceutical  emuls ions  (cod-l iver  oil,  
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for  ins tance)  a r e  examples  of oil- 
i n -wa te r  emulsions.  Cold cream,  
ce r t a in  pe t ro leum emulsions,  emul-  
s ions of w a t e r  w i th  t r a n s f o r m e r  
oils a re  examples  of the  w a t e r - i n -  
oil types  of emulsions.  

I t  is se ldom i m p o r t a n t  to de ter -  
mine  to which  type  a g iven  emul- 
s ion belongs but  i t  can be done 
qui te  r ead i ly  when necessary .  One 
method  is by t e s t i ng  whe the r  or  
not  the  emuls ion will  conduct  elec- 
t r i c i t y .  I f  i t  does conduct  it, i t  is 
of  the  o i l - in -water  type.  I f  not,  
then  i t  is of the  wa te r - in -o i l  type.  

In  m a k i n g  most  all emulsions,  a 
t h i r d  subs tance  is needed, the  emul- 
s i f y ing  agent .  The number  of 
emu l s i fy ing  agen t s  is a lmost  
legion. E g g  yolk and whi te ,  gum 
t r a g a c a n t h ,  gum acacia,  I r i s h  
Moss, casein  and dex t r in  a re  the  
commoner ,  while saponin,  hmmoglo- 
bin, iacmoid,  pepsin,  peptone,  dex- 
t r ine ,  and soap, a re  good emuls i fy -  
ing  agents ,  though  not  su i tab le  fo r  
food products .  On the  emuls i fy -  
ing  agen t  depends fo r  the  most  
pa r t ,  the  type  of emuls ion t h a t  
will  be formed,  as will  be b rough t  
out  in a moment .  

M e c h a n i s m  of  Emuls i f i ca t ion  
The mechan i sm or  process  of 

emuls i f ica t ion  is as  fo l lows:  The 
e m u l s i f y i n g  agen t  w i th  the  amoun t  
of  w a t e r  necessa ry  to dissolve i t  
or  more  wa te r  i f  des i red  is in the  
mixe r  or  ag i t a to r .  As the  oil is 
added  slowly wi th  s t i r r i n g  i t  is 
b roken  up into droplets .  These  
d rop le t s  immed ia t e ly  become coat-  
ed w i th  a film of  the  emu l s i fy ing  
a g e n t - - e g g  yolk or  wha teve r  is 
used.  When  two or  more  drople t s  
touch toge the r  they  r e m a i n  as  sep- 
a r a t e  droplets ,  r a t h e r  than  u n i t i n g  
to fo rm a l a r g e r  drop,  because  they  
a r e  s e p a r a t e d  by  the  film of  egg 
yolk enveloping  them. This  film, 
to be sure,  is exceed ing ly  th in  bu t  

never the less  is ve ry  effective in 
p r even t i ng  the  union of the  drops,  
unless  damaged  in some way,  as 
will be d iscussed a l i t t l e  la te r .  

In  short ,  the  whole idea in emul-  
s if icat ion is to ge t  the  oil, or d iv ided  
phase,  b roken  up into as  m a n y  fine 
d rop le t s  as  possible,  each d rop le t  
be ing  coated wi th  a film of the  
emu l s i fy ing  agent .  

An i n t e r e s t i n g  poin t  to cons ider  
here  is the  effect of a cont inuous  
and ve ry  v igorous  ag i t a t i on  as  
compared  to an i n t e r m i t t e n t  or less 
violent  a g i t a t i o n .  The  too v igorous  
a g i t a t i o n  defea t s  i t s  purpose  be -  
cause not  only the  oil bu t  also the  
w a t e r  is  b roken  up into fine drop-  
lets, so t ha t  the  w a t e r  phase,  which 
mus t  be continuous,  becomes a di- 

Plate 2 
Mayonnaise (enlarged one thousand 

diameters) 

vided phase,  l ike the  oil, so t ha t  a 
p rope r  emuls ion can not  be formed.  
Unde r  these  condi t ions  the  oil drop-  
lets  r eun i t e  a f t e r  be ing  broken  up 
because t hey  a re  not  p rope r ly  coat-  
ed wi th  egg or  emulsif ier ,  s ince th i s  
emulsif ier  is d issolved in the  w a t e r  
por t ion.  

By means  of i n t e r m i t t e n t  ag i -  
t a t ion  where  t h e r e  is  a sho r t  pause  
b e t w e e n  per iods  of ag i t a t ion ,  the  
w a t e r  d rople t s  have a chance to re -  
uni te ,  as  the re  is no film ho ld ing  
them apar t ,  bu t  the  oil d rop le t s  
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can r eun i t e  only very  g radua l ly .  
P l a t e  2 is an ac tua l  photomicro-  

g r a p h  in which the  mayonna i se  has  
been magni f ied  a p p r o x i m a t e l y  one 
thousand  d iamete r s .  When  pro-  
jeered  on the screen i t  is f u r t h e r  
en la rged  about  twenty-f ive t imes ,  
m a k i n g  the  image  of  the  pa r t i c l e  
on the screen about  twenty-f ive  
thousand  t imes  the  size of the  pa r -  
t ic les  as they  ac tua l ly  ex i s t  in 
mayonna ise .  

In  all the  fol lowing p la tes  ex- 
cept ing,  of course ,  the  cha r t s  and 
pho tog raphs  of mayonna i s e  sam- 
ples exposed to 
a i r ,  the  magn i -  
fication is the  
same. Y o u 
will  note how 
the oil is in 
the  fo rm of 
small  droplets ,  
each of which 
is spher ica l  in 
shape  and is 
enveloped by 
a film of egg 
yolk. I t  is 
t h i s  f i l m  
which  preven ts  the  r e u n i t i n g  of  the  
drople t s  and causes the  emuls ion 
to be pe rmanen t .  Each  drople t  is 
s epa ra t ed  f rom i ts  ne ighbor s  by  
the cont inuous  w a t e r  phase.  I t  is 
th i s  w a t e r  phase  which  conta ins  
the  acid  of  t he  v inega r  or  lemon 
ju ice ,  the  sal t ,  s u g a r  and  o the r  
i ng red i en t s  not  soluble in oil. The  
egg or  o ther  emul s i fy ing  agen t  is 
d i s t r i b u t e d  in th i s  w a t e r  por t ion.  

In  connect ion wi th  the  f o r m a t i o n  
of  mayonna i se  emuls ion t h e r e  is  
a process  which  phys ica l  chemis t s  
call  adsorption, not  absorp t ion .  
This  covers a mu l t i t ude  of  s ins  bu t  
rea l ly  has  some mer i t s .  

Adso rp t i on  is a concen t r a t i ng  or  
condens ing  of  one subs tance  on the  
su r f ace  of ano the r  subs tance  bu t  
when the f irst  subs tance  p e n e t r a t e s  

Plate 3 
Diagrammatic illustration of adtion of 

emulsifying agents 

or soaks into the  i n t e r i o r  of  the  
second, t ha t  is absorp t ion .  A 
sponge  m a y  absorb  wa te r ,  t h a t  is, 
the  w a t e r  soaks in to  the  in te r io r ,  
but  a piece of g iass  m a y  only ad-  
sorb  the  w a t e r  on i ts  sur face .  The  
reason  t ha t  an a luminum g r idd le  
does not  r equ i re  g r ea se  in m a k i n g  
cakes is tha t  the  a i r  adso rbed  by  
the  oxide film on the a l u m i n u m  
preven t s  the  cakes f rom s t ick ing .  1 
The reason t h a t  a r a g  moi s t ened  
wi th  alcohol can be used to clean a 
g r e a s y  window is t ha t  the  g lass  
su r face  adsorbs  alcohol more  r ead -  

i ly t han  g r ea se  
so t h a t  the  
g r e a s e  is  d is-  
placed e v e n 
though  i t  does 
not  dissolve in 
t h e alcohol. 
Now, phys ica l  
chemis ts  c la im 
tha t  t he  egg  
is absorbed  on 
the s u r f a c e  of 
the  oil d rople t s  
in a m,ayon- 
na i se  emul-  

sion. The egg does not  dissolve 
in the  oil drops  but  condenses  
or concent ra tes  on the su r f ace  to 
such an ex ten t  t h a t  a p ro t ec t i ng  
film is fo rmed  a round  the  oil drop-  
let  which effectual ly p r even t s  i t s  
r e u n i t i n g  wi th  the  o ther  droplets .  

Cer t a in  subs tances  added  to may-  
onna i se  have a t endency  to concen- 
t r a t e  more  egg on the  su r f ace  of 
the  oil or, chemical ly  speaking ,  t hey  
increase  the  adso rp t ion  of the  egg 
on the  oil. Th is  causes the  emul-  
s ion to be th icker ,  and more  per-  
manen t .  Sa l t  is an example  of  t h i s  
class. Other  subs tances  decrease  
the  adsorp t ion  ( t h a t  is t hey  de- 
c rease  the  concent ra t ion  of  the  egg 
film on the  oi l ) .  Th is  makes  the  

�9 Bancroft.  "Apvl ied  Collo.ld Chem.,"  p. 82. 
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emuls ion  t h inne r  or m a y  b reak  i t  
down completely.  A lum is an ex- 
ample  of th i s  class. More will  be 
sa id  of th is  la te r .  

Ment ion  was made  above tha t  the  
emu l s i fy ing  agen t  had  a lot to do 
wi th  d e t e r m i n i n g  whe the r  an emul-  
s ion of wate r - in -o i l  or one of oil- 
i n -wa te r  would be formed.  In gen-  
eral ,  emul s i fy ing  agen t s  which a r e  
soluble in water ,  a r e  adsorbed  on 
the  su r face  of t h e  oil and t h e r e f o r e  
fo rm an emuls ion of o i l - in -wate r  
l ike mayonna ise .  Examples  of t h i s  
class a re  egg yolk, gum acacia,  gum 
t r a g a c a n t h ,  dex t r in ,  casein,  soap 
and  saponin.  

A g e n t s  which a r e  soluble in oil, 
a re  adsorbed  on the su r face  of  the  
w a t e r  and  t he r e fo re  fo rm emuls ions  
of  water - in-o i l .  Examples  of th i s  
class a re  calcium oleate,  rosin,  and  
m a g n e s i u m  s t ea ra t e .  

P l a t e  3 shows d i a g r a m m a t i c a l l y  
how the  film of  emul s i fy ing  agen t  
bends a round  the drople t  which i t  
encloses. On the  r i g h t - - i l l u s t r a t -  
ing  a por t ion  of  a drop of oil  in an 
o i l - in -wa te r  e m u l s i o n - - t h e  egg is 
adso rbed  on the  su r face  of the  oil 
droplet ,  and bends  a round  it.  When  
th i s  adso rp t ion  is increased the 
bend ing  tendency  is increased. 
When  i t  is decreased, the  bend ing  
t endency  is also decreased. I f  de- 
c reased  sufficiently, a condi t ion  of  
"no emuls ion"  may  be reached as 
shown in the  center .  Under  these  
condi t ions  the  egg film does not  re- 
ma in  in tac t  and the  emuls ion is 
b roken  down. 

On the  left ,  is shown a film of  
e m u l s i f y i n g  a g e n t - - n o t  e g g - - b u t  
one which  is adsorbed  on the  sur -  
face  of  the  w a t e r  and  is bend ing  
a round  the  drople t  of w a t e r  in a 
wa te r - in -o i l  emulsion.  Such emul- 
s i f y i n g  agen t s  a re  gene ra l ly  solu- 
ble  in oil r a t h e r  than  water .  

I f  subs tances  a re  added to th i s  

emuls ion which  increase the  ad- 
so rp t ion  of  the  emul s i fy ing  a g e n t  
on the su r face  of the  wa te r ,  the  
film of emul s i fy ing  agen t  t ends  to 
bend more.  I f  subs tances  a r e  
added  which  decrease the  adsorp-  
t ion the  tendency  to bend is re-  
duced and m a y  even reach the  neu-  
t r a l  f o r m  shown in the  center .  

I n g r e d i e n t s  of  M a y o n n a i s e  

F o r  the  sake of c learness ,  let  us  
note the  i ng red ien t s  of an a v e r a g e  
m a y o n n a i s e  as t he re  a re  a num-  
ber  of poin ts  w i th  respect  to each 
one t ha t  should be b rough t  out.  

F i r s t ,  comes the oil. I t  m a y  be 
any of  the  edible  oils---corn, cot- 
tonseed,  peanut ,  sesame, and  
others .  More will  be sa id  of  these  
oils l a t e r  under  the  subjec t  of  Dis-  
colorat ion.  

Nex t  comes the  emul s i fy ing  
agent ,  egg yolk genera l ly ,  or  per -  
haps  the  whole egg. These have  
a l r eady  been discussed a t  some 
length.  

Then th icken ing  agents  such as  
s t a rch  or  flour which a re  somet imes  
added.  There  is a word  or so to 
be sa id  about  these  under  the  sub- 
j ec t  of  B r e a k i n g  Down of Mayon-  
naise.  

Along  wi th  this ,  we have the  
season ing  ingred ien t s ,  salt ,  pepper ,  
papr ika ,  sugar ,  mus ta rd ,  etc., which  
a r e  of  i n t e r e s t  in Discolora t ion.  

And  last ,  we have the  acid in-  
g r ed i en t s  which b r i n g  most  of the  
wa te r  content  i n t o / " m a y o n n a i s e .  
General ly ,  the  acid ~s in the  fo rm of 
v inega r  but  somgt lmes  lemon ju ice  
or c i t r ic ,  ace t ig /o r  lact ic  ac ids  a r e  
used. The  effect of add ing  the  acid 
i n g r e d i e n t s ' i s  to th in  down the  may-  
onnaise  ti3 a cons iderab le  extent .  
The  aeld  wf th  i ts  accompany ing  
water ,  used in the  usual  amounts ,  
does not  cause the  mayonna i se  to 

/ p a r t l y  b reak  down, i t  mere ly  flows 
/ 
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in between the droplets of oil 
caus ing  them to be at  g rea te r  dis- 
tances from each other. The re- 
sul t  is tha t  the mayonna ise  is much 
t h inne r  in consistency. 

Plate 4 
Heavy mayon~taise emulsion (en- 

larged one tho~sand diameters) 

Plate  4 is a mayonnaise  emul- 
sion with only a small amount  of 
water .  Plate 5 shows this  same 
emulsion a f te r  it  has been th inned  
wi th  vinegar .  You will notice tha t  
the size of the individual  part icles 
is no greater ,  they are .only f a r the r  
apart ,  showing tha t  the addi t ion of 
the usual  amoun t  of v inegar  does 
not break down the e m u l s i o n - - i t  
merely makes it  more fluid by flow- 
ing in between the oil droplets. 
The reason tha t  an u n t h i n n e d  may- 
onnaise  is so stiff is tha t  the oil 
droplets, covered with the film of 
egg, rub  one another  closely giv- 
ing them a tendency to "hang  to- 
gether ."  When a l i t t le more vine- 
gar  or water  is added it na tu ra l l y  
lessens this  "hang ing  together"  
tendency by flowing in between the 
droplets, with the resul t  tha t  a 
g rea t  reduct ion in consistency 
takes place. 

One of the afflictions to which 
most  all mayonnaise  is susceptible 
is tha t  of separa t ion  or b reak ing  
down, also called demulsification. 
This  may come f rom one or several 

of a number  of different causes and 
it  is one of the purposes of ~his 
paper to outl ine some of the causes, 
the i r  chemical explanat ion,  and pos- 
sible cures. 

The first cause which we migh t  
take is tha t  of the wrong propor-  
t ion of oil, water ,  and egg or emul- 
s i fy ing  agent.  For  a p e r m a n e n t  
emulsion cf these three  ing red ien t s  
there seems to be a cer ta in  definite 
proport ion for each one, which can 
be var ied only between fa i r ly  na t -  
row l imits  and still m a i n t a i n  a per- 
manen t  emulsion. For  instance,  
in a cer ta in  set of exper iments  wi th  
78 per cent of oil, 17 per cent  of 
water  and 5 per c , n t  egg yolk, a 
pe rmanen t  emulsion was formed. 
If  the amount  of oil was reduced 

Plate 5 
Emulsion shown in Plate 4, after 

thinning with vinegc~r 

to, say, 76 per cent, the water  in- 
creased to 19 per cent, the egg re- 
m a i n i n g  the same, on s t and ing  the 
emulsion separated into two layers  
- - a  watery  layer  below and a 
creamy layer of emulsion above. I f  
the percentage of oil was increased 
to 92 per  cent, the egg r e m a i n i n g  
the same, the emulsion also sep- 
a ra ted  on s t and ing  but  this  t ime 
wi th  an oil layer  above and the 
emulsion layer  below. I f  the 
amoun t  of oil was decreased be- 
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low 78 per cent and the wa te r  in- 
creased, bu t  the egg yolk increased 
also, the emuls ion formed was per-  
manen t .  In  general ,  the more wa- 
ter  in an oi l -and-water  emulsion 
the more emuls i fy ing  agent  is 
needed to make it  permanent .  Egg  
yolk was also found to have a 
g rea te r  emuls i fy ing  power t han  the 
whole egg. 

I t  is impossible to give exact or 

Plate 6 
Mayonnaise in which oil has been 

added too rapidly (• 1000) 

even approximate  ra t ios  of oil, wa- 
ter  and egg which wilt hold for  all 
k inds  and mix tu res  of mayonna i se  
because the k ind of oil, the condi- 
t ion of the egg, or other emulsi-  
fy ing  agent,  the presence or ab- 
sence and character  of th icken ing  
mater ia ls ,  i f  any  are used, and 
m a n y  other  factors  make each case 
a special one for  which no gen- 
eral rules can be given. 

The second cause of breakdown 
is tha t  due to too rapid  addi t ion 
of oil. Under  such condit ions the 
oil is added more rapidly  than  i t  
can be broken into small droplets 
and coated wi th  a film of emulsi-  
fier. The resul t  is t ha t  the emul- 
sion is coarse, tha t  is, the oil drop- 
lets are large and when several 
of them come together  they have 
a tendency to un i te  and form still  

l a rger  droplets, so tha t  we get  sep- 
a ra t ion  of oil or at  least a dress- 
ing of poor consistency. 

P la te  6 shows the effect of add- 
ing oil too rapidly.  The drops of 
oil are  too large. The oil has not  
been properly broken in to  smaller 
droplets. The resul t  is a dress ing 
of th in  consistency and of poor per- 
manence.  

The th i rd  cause is us ing  the 
wrong kind of agi ta t ion.  As men-  
t ioned above too violent  an agi ta-  
t ion is almost worse than  none be- 
cause i t  has a tendency to break up 
the water  into droplets as well as 
the oil, and to prevent  the water  
droplets f rom r e u n i t i n g  which, of 
course, is fatal  to a good emulsion. 
I t  is scarcely wor th  while to do 
more than  men t ion  this  t h i rd  cause, 
because of the n u m b e r  of machines 
on the marke t  which are designed 
especially to give the correct agi- 
t a t ion  and wi th  which all manu-  
f ac tu re r s  of mayonna ise  are much 
more fami l i a r  t han  is the wri ter .  

The four th  cause wi th  which we 
are concerned is the breakdown of 
an emulsion due to heat. I t  is a 
well known fact  tha t  when l iquids 
(like gases and solids) are warmed  
they expand and when cooled they 
contract .  The amount  of th is  ex- 
pans ion  or con t rac t ion  for a fixed 
change in t empera tu re  is called the 
coe~cient  of expansion and differs 
for different liquids. The coeffi- 
cient  for a cer ta in  edible oil is 
g rea te r  than  tha t  for  wa te r  
(.000721 oil and .000207 wa- 
t e r ) , l  which means  t ha t  for  a given 
change in t empera tu re  the oil will 
e i ther  expand or contrac t  more 
t han  the water  will. This  causes 
forces to be set up in the emulsion 
which break the protec t ing  egg film 
and force the oil droplets to uni te ,  

1 Fowle 'Smithsonian Physical Tables." 1923, 
~. 221. 
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thus  b reak ing  down the emulsion.  
The  g r e a t e r  th i s  change  in t emper -  
a ture ,  the  g r e a t e r  wil l  be the  forces  
set  up and the  g r e a t e r  the  ten-  
dency of the  emuls ion  to separa te .  
The finer the  drople ts  of oil in an 
emuls ion and the be t t e r  t hey  a re  

Plate 7 
Mayonnaise before heating 

coated wi th  egg or  emulsif ier ,  the  
less is the  t endency  of the  emuls ion 
to b r e a k  down when sub jec ted  to 
severe  t e m p e r a t u r e  changes.  

Plate 8 
Same mayonnaise after slight 

heating 

Pla t e s  7, 8, and 9 show the  ef- 
fect  of hea t  j u s t  r e f e r r e d  to. P l a t e  
7 is the  mayonna i se  at  the  s ta r t .  

The oil drople ts  a re  small ,  al- 
t hough  the re  a re  severa l  l a rge  

droplets .  P l a t e  8 shows the  effect 
of heat ,  a pa tch  of oil f o r m i n g  by  
the b r e a k i n g  down of the  smal l  
droplets .  P la te  9, t aken  a few min-  
u tes  l a t e r  on the  same specimen,  
shows t h a t  the  b reakdown is in-  
c reas ing ,  as evidenced by the  in- 
c reased  Size of the  oil patch.  

The fif th cause of b reakdown 
wi th  which we have to deal is f reez-  
ing. The r e m a r k s  concern ing  the  
unequal  expans ion  of oil and  w a t e r  
which t akes  place d u r i n g  a r i se  in 
t e m p e r a t u r e  apply  wi th  equal force  
when the t e m p e r a t u r e  is reduced.  
When  w a t e r  is cooled, say,  f r om 
room t e m p e r a t u r e  down to 39 deg. 
F.,  i t  cont rac ts .  On be ing  cooled 
sti l l  lower i t  ceases to con t r ac t  and  
ac tua l ly  begins  to expand  so t h a t  
ice is less dense than  wa te r ,  which  
is a t t e s t ed  to by the fac t  t h a t  ice 
floats in water .  Fo l lowing  the  
course of events,  when m a y o n n a i s e  
is cooled s t r o n g l y  we see t h a t  t he  
oil d rople t s  con t rac t  to a g r e a t e r  
degree  than  does the  w a t e r  sur -  
r ound ing  them. This  alone has  a 
t endency  to b reak  up the  emuls ion.  
A f t e r  the  emuls ion reaches  39 deg. 
F.  (7 deg. above f r eez ing )  the  
w a t e r  beg ins  to expand.  Th i s  ag -  
g r a v a t e s  the s ta te  of  a f fa i r s  
g rea t ly ,  so t ha t  by  the  t ime  the  
f r eez ing  poin t  is reached the  emul-  
s ion is ap t  to be complete ly  b ro-  
ken. When  the  m i x t u r e  t h a w s  the  
oil and w a t e r  seem to have changed  
places, as oil s u r r o u n d s  f a i r l y  l a r g e  
pa tches  or  drops  of wa te r .  In  these  
drops,  in turn ,  m a y  be seen more  
drople ts  of oil. In  o ther  words ,  
we p rac t i ca l ly  have an emuls ion of  
o i l - in -wate r  w i th in  an emuls ion of  
water - in-o i l .  The  mix tu re ,  of  
course,  does not  have  the ou tward  
appea rance  of no rma l  m a y o n n a i s e  
because of the  s epa ra t i on  of the  
oil. 

P l a t e s  10 to 14 show w h a t  hap-  
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Plate 9 
Mayonnaise after considerable 

heating 

Plate 12 
Frozen mayonnaise 

Plate 10 
Mayonnaise before freezing 

(X 1000) 

Plate 13 
Frozen mayonnaise (another view) 

Plate 11 Plate 14 
Same mayonnaise when frozen Frozen mayonnaise (another view) 
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pened when a sample of mayon-  
naise  was frozen. Pla te  10 shows 
the or ig inal  condi t ion before be ing 
subjected to the cold. Pla te  11 
shows the sample af ter  be ing fro- 
zen. The plate shows tha t  the oil 
su r rounds  drops or patches of wa- 
ter.  Wi th in  easy reach of these 
patches can be seen sma l l  droplets 
of oil. The appearance of the whole 
sample reminds  one of Schweit- 
zer cheese. The cheese proper  
corresponds to the oil, while the 
gas holes in the cheese correspond 
to the patches of water.  Plates 12, 
13 and 14 are different  views of 
the same sample. An in t e re s t ing  
point  to note here is tha t  this  pe- 
cu l ia r  appearance was noticeable in 
the frozen sample and as it thawed 
out  there  was scarcely any change 
in appearance.  

Chemica l  Causes of Sepa ra t ion  

The next  group of causes of the 
breaking  of the mayonna ise  emul- 
sion we may classify as s t r ic t ly  
chemical causes. Dur ing  the 
course of an inves t iga t ion  as to 
the reasons why a cer ta in  mix tu re  
of mayonnaise  and relish broke 
down, it  was discovered tha t  the 
mayonnaise  stood up well unt i l  
mixed with the pickle relish. As 
alum causes b reak ing  down of cer- 
t a in  emulsions and as a lum is very  
f requent ly  used in pickles, the rel- 
ish was examined for a lum and i t  
was found to be present .  The ef- 
fect of alum in mayonnaise  dress- 
ing was s tudied very careful ly  un-  
der the microscope. The accom- 
pany ing  plates show very clearly 
what  takes place. 

Pla te  15 shows the orginal  may-  
onnaise.  Pla te  16 shows a solu- 
t ion  of a lum flowing into this  same 
mayonnaise .  The b lur red  por t ion 
is due to the moving cu r r en t  of 
a lum solution, ca r ry ing  along wi th  

it  a n u m b e r  of oil droplets. You 
will notice tha t  b reak ing  down of 
the emulsion has already begun,  as 
,evidenced by the fo rmat ion  of sev- 
eral large oil drops. The flow of 
a lum solution into the sample was 
secured by placing the end of a 

Plate 15 
Mayonnaise before addition of alum 

( •  1000) 

small s t r ip  of absorbent  paper  un-  
der one edge of the cover glass, 
which is a small disc of very  th in  
glass covering the mayonna ise  un-  

Plate 16 
Alum flowing into mayonnaise 

emulsion 

der examinat ion.  The alum solu- 
t ion was placed on the other  end of 
the paper  and was thereby  d rawn 
under  the cover glass and  dis t r ib-  
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uted t h roughou t  the  mayonna i se  
sample.  P l a t e  18 shows, in the  
same manner ,  the  effects the  a lum 
has b rough t  about  in b r e a k i n g  dgwn 
the emulsion,  t h a t  is, in caus ing  
the  small  d rople t s  of oil to un i te  
and  fo rm l a r g e r  ones. 

The pecu l ia r  pa r t i c l es  seen in 
the  oil drops  in p la tes  16 and 18 
a re  c rys t a l s  of an oil soluble dye. 
Th i s  dye was  dissolved in the  oil 
to give  i t  a color c o n t r a s t i n g  wi th  

Plate 21 
Same emulsion at point of complete 

separation 

Plate 18 
Mayonnaise emulsion separated by 

addition of alum 

the  w a t e r  por t ion  to give be t t e r  
r e su l t s  in pho tog raph ing .  Some of 
th i s  dye c rys ta l l i zed  in the  oil as  
shown, bu t  th i s  does not  affect the  
behav ior  of  the  emulsion.  

P l a t e  21 shows the  emuls ion 
about  to reach  the  neu t r a l  point .  
The  drops  a re  seen to be los ing  
the i r  spher ica l  shape and a re  fo rm-  
ing  in i r r e g u l a r  masses .  P l a t e  22 
shows t h a t  the  neu t r a l  s t age  has  
been reached.  In  o the r  words,  the  
emuls ion  has  ceased to  be an emul-  
s i o n - i t  is a m i x t u r e  in which the  
oil and  w a t e r  a re  i n t e rming led  in 
the  fo rm of l a rge  and i r r e g u l a r  
patches .  

The  effect of sa l t  is j u s t  opposi te  
to t ha t  of  alum. When  a l i t t l e  sa l t  
is added  to mayonna i se  i t  causes  a 
ve ry  not iceable  th icken ing .  Th is  

th i cken ing  is found  to be due to the  
drople t s  of oil hav ing  become more  
complete ly  emulsified.  

P l a t e  23 shows a mayonna i se  
which has  been purpose ly  made  up 
in the  fo rm of a coarse  emulsion 
by add ing  the  oil r ap id ly  d u r i n g  
mixing .  A f t e r  all i ng red i en t s  
were  added  i t  was bea ten  five min-  
utes  longer  so tha t  i f  the  emul-  
sion was going  to become finer i t  
would have an oppo r tun i t y  to do 
th is  be fo re  the  sa l t  was added. 
Abou t  1 pe r  cent  of sa l t  was then  
added,  the  m i x t u r e  bea ten  a few 
seconds to t ho rough ly  incorpora te  
the  salt ,  wi th  the  resu l t  shown in 
pla te  24. The effect of  the  sa l t  

Plate 22 
Same emulsion entirely separated 
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was to cause the fo rmat ion  of a 
much finer and more pe rmanen t  
emulsion, as evidenced by the re- 
duct ion in the size of the oil drop- 
lets. This  reduct ion in size ex- 
plains  why the emulsion became so 
much stiffer in cons i s tency- -be-  
cause the smaller  droplets can get 
closer together  and come neare r  at 
more points.  In  general,  the whole 
s t ruc tu re  is more closely kn i t  and 
therefore  stiffer in consistency. 

The quest ion na tu ra l ly  arises,  
"Why does alum cause this  break- 

emulsion it  has a grea t  tendency to 
break down the emulsion and  
cause the separa t ion  of t h e  oil. 

The reason for this  is tha t  the  
charges of posit ive electrici ty are  
adsorbed at the surface between 
the oil and egg and have a ten-  
dency to break down the protect-  
ing film around each oil droplet.  
The more charges of posit ive elec- 
t r i c i ty  adsorbed at  the surface,  the  
more the emulsion will b reak  
down. 

Plate  24-A i l lus t ra tes  the rela-  

Plate 23 
Mayonnaise with heavy oil-drops 

due to rapid mixing (X 1000) 

ing down while salt causes thicken-  
i ng?"  For  the explanat ion we mus t  
aga in  refer  to a d s o r p t i o n - - t h a t  
phenomenon which takes place 
where the surface of the oil droplet 
and the surface of egg solut ion in 
water,  meet. Common salt is a com- 
pound con ta in ing  the element  sodi- 
urn. This  sodium carr ies  one charge 
of posit ive electricity.  Alum is a 
compound con ta in ing  the element 
a luminum.  This  a l u m i n u m  carr ies  
three charges of posit ive electricity. 
Now, a l i t t le bi t  of positive elec- 
t r i c i ty  does not  h u r t  an emuls ion;  
in fact, i t  helps make it  more 
stable, as we have seen above, wi th  
common salt, bu t  when very much 
posit ive electrici ty gets into the 

Plate 24 
Same mayonnaise after incorpora- 

tion of 1% of salt (X 1000) 

t ive amounts  of different  chlorides 
required  to break down an emul- 
sion of oi l - in-water  to the same 
extent.  1 As we saw before, a small 
amoun t  of salt (sodium chloride) 
was beneficial to an emulsion of oil- 
in-water .  However, i f  the amount  
of salt added is very grea t  it  will 
have a tendency to break down the 
emulsion. Needless to say, long be- 
fore this  much salt  is added the 
extreme sal t iness  of the mayon-  
naise would render  it unfit  for con- 
sumption.  We note f rom the char t  
tha t  it  takes approximate ly  300,- 
000 par t s  of salt to equal 6,000 

1 Der ived  f rom table due to Powis-Clayton,  
" T h e  Theory  of Emuls ions  and Emuls i f ica t ion ,"  
D. 26 ( I923) .  
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p a r t s  of  ca lc ium chlor ide  or  33 
p a r t s  of a luminum chlor ide  (s im-  
i l a r  chemical ly  in many  respec t s  
to a lum)  or  1 p a r t  of t ha l l i um 
chloride.  In  o the r  words ,  t h a l l i u m  
chloride,  wi th  i ts  f ou r  cha rges  of  
pos i t ive  e lec t r ic i ty  a t t ached  to the  
tha l l ium,  is the  mos t  po ten t  in 
b r e a k i n g  down the  emulsion,  while  
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Plate 24a 
Showing e~ect of relative positive 

valency on action of metallic 
chlorides on oil in water 

emulsions 

sa l t  ( sod ium ch lo r ide ) ,  w i th  i ts  
s ingle  cha rge  of pos i t ive  e lec t r i c i ty  
a t t ached  to the  sodium, is leas t  
po t e n t ;  in fact ,  j u s t  one th ree  hun-  
d red  and twen ty  thousand ths  as ef-  
fect ive .  

Of more  p rac t ica l  i n t e r e s t  is the  
r e l a t ionsh ip  be tween  the  sodium 
and the  a luminum compounds.  
F r o m  these  f igures we m a y  prop-  
e r ly  expect  a lum to be approx i -  
ma te ly  ten thousand  t imes  as pow- 
e r fu l  in b r e a k i n g  down an emul- 
sion as is common salt .  This  sheds 
l i gh t  on the  ques t ion  of the  smal l  
amoun t  of a lum in pickle re l i sh  ex- 
e r t i ng  such a s t rong  b r e a k i n g  
down effect on mayonna i se  when 
mixed  wi th  it. In  genera l ,  w i th  
g roups  of compounds where in  the  
meta l s  show an inc reas ing  n u m b e r  
of pos i t ive  cha rges  we m a y  expect  
a g r e a t l y  inc reased  " b r e a k i n g "  e l -  
fec t  on o i l - in -wate r  emulsions.  

A n o t h e r  cause  c o n t r i b u t i n g  to 
the  b reakdown of  mayonna i se  is  
t ha t  which  m a y  occur when th ick-  

en ing  agen t s  a r e  used, such as 
s t a rch  or  flour. This  is due to the  
ac t ion  of the  acid  in the  mayon-  
na ise  o n  the  s t a r ch  or  flour and  is 
known as  "hydro lys i s . "  One of t h e  
bes t  known commercia l  examples  
of th i s  type  of hydro lys i s  is the  
m a n u f a c t u r e  of corn sy rup  or  "g lu-  
cose," where  corn s t a rch  is t r e a t e d  
wi th  d i lu te  acid which conver ts  i t  
into the  sugar ,  "glucose."  

The  immed ia t e  effect of th i s  hy-  
dro lys is  of the  s t a rch  or  flour in 
mayonna i se  is to  make  the  dress-  
ing much t h i n n e r  and  wa te ry ,  s ince 
a suga r  solut ion is t h inne r  than  a 
s t a rch  or flour solution,  both  hav-  
ing  the  same w a t e r  content .  I f  
the  s t a r ch  or  flour is  depended upon 
to keep the  oil emulsif ied the  emul-  
s ion is ap t  to b reak  down, w i th  
s epa ra t i on  of the  oil. In  any  event,  
the  effect is ap t  to  be bad,  because 
when a m a n u f a c t u r e r  makes  up a 
d r e s s ing  of the  p rope r  cons is tency 
he wan t s  i t  to  be t ha t  same con- 
s i s tency  when used by the  u l t ima te  
consumer.  

A n o t h e r  cause of  b reakdown 
along somewhat  the  same l ines is 
t ha t  due to  the  spoi lage  o r  decom- 
pos i t ion  of t he  emu l s i fy ing  agent .  
Cer t a in  emu l s i fy ing  agen t s  have a 
tendency  to decompose rapid ly ,  con- 
sequent ly  los ing t h e i r  emu l s i fy ing  
power,  so t ha t  the  emuls ion b reaks  
down. The r emedy  he re  is to  use a 
d i f ferent  emul s i fy ing  agen t  or  add  
an ar t i f ic ia l  p r e se rva t i ve  to keep 
the emul s i fy ing  agen t  f rom decom- 
posing.  

A n o t h e r  cause  of  s epa ra t i on  of  
oil is due to t he  evapora t ion  of  the  
moi s tu re  f rom the  mayonna ise .  As 
the  m o i s t u r e  evapora te s  f rom the  
surface ,  t h e  p ro t e c t i ng  egg or  
emulsif ier  .film dr ies  out  also, be- 
comes b r i t t l e  and  breaks ,  a l lowing 
the  oil d rople t s  to flow toge the r  so 
t ha t  a l aye r  of  oil f o rms  on the  
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surface of the mayonnaise .  Sep- 
a ra t ion  of oil f rom this  cause is 
easily overcome, of course, by us ing  
such a closure on the mayonna ise  
tha t  evaporat ion is prevented.  

A cause of b reak ing  down of 
emulsions which is seldom consid -~ 
ered is v ibrat ion.  An emulsion is 
a peculiarly constructed body and 
for tha t  reason is sensi t ive to un-  
usual  influences. Ayres 1 ment ions  
an ins tance where an emulsion 
(not  mayonnaise ,  however) was 
subjected to heat ing,  f reezing and 
cen t r i fug ing  but  could not  be bro- 
ken down. A short  r ide in  an ex- 
press t r a i n  caused i t  to separate  
completely. This  is merely men-  
t ioned as a ma t t e r  of in te res t  and 
might  be useful  when all other pos- 
sible reasons in a case of separa t ion  
have been looked into. 

The quest ion is of ten asked, 
"Why is it so difficult if not  alto- 
gether  impossible to re-emuls i fy  
mayonnaise  which has separa ted?"  
I f  the emulsion has been broken 
by heat, the chances are tha t  the 
egg has been changed so tha t  i t  
does not  have its or ig inal  emulsi-  
fy ing  power. I f  by f reezing then  
the egg is not changed a f te r  it  
thaws out bu t  the oil is d i s t r ibu ted  
in la rge  patches. I f  the oil, egg, 
and  other ingred ien t s  could be 
completely separated,  and then re- 
mixed in the usual  manner ,  add- 
ing the oil slowly, a normal  mayon-  
naise could doubtless be made. 
The same applies to breakdowns 
due to too rapid addi t ion of oil, 
improper  agi ta t ion,  and v ibra t ion .  
I f  the breakdown is due to alum or 
s imi lar  compounds, they would 
have to be removed before a per- 
m a n e n t  emulsion could be formed. 

I f  due to hydrolysis  or decompo- 
s i t ion  of the emuls i fy ing  agent,  it  

~3-. S. C. I. (1916). 35. 678. 

cannot  be re-emulsified unless more 
emuls i fy ing  agent  is added and  a 
new s ta r t  made. 

Discolora t ion  

The next  subject  with which we 
have to deal is Discolorat ion or 
Darkening .  Very li t t le is known 
about  the actual  causes of discolora- 
tion. Cer ta in  brands  of mayon-  
naise darken rapidly when exposed 
to air,  while others show only a 
sl ight  discoloration. As this  dark-  
en ing  or discoloration occurs only 
on the surface which is actual ly 
exposed to the air,  i t  mus t  be due 
to some action of the a i r  on the 
product. The most  active element  
in the a i r  is oxygen, so tha t  one 
would na tu ra l ly  a t t r ibu te  the dark-  
ening action of the a i r  to the oxy- 
geli which it  contains.  

I t  is a well-known fact tha t  cer- 
t a in  oils absorb oxygen f rom the 
air.  In  other words they oxidize. 
In  this  process they change f rom 
the i r  oily na tu re  into a tough 
leathery film. They are said to 
"dry"  and oils which have th is  
proper ty  to a pronounced degree 
are called d ry ing  oils. Linseed is 
the most f ami la r  example of th is  
class. Oils which have this  prop- 
er ty  in a lesser degree are called 
semi-dry ing  oils, and those which 
do not  show any  appreciable dry-  
ing are placed in the non-d ry in~  
class. There is no sharp  dis t inc-  
t ion  between the classes. 

Pla te  25 is a char t  showing the 
amoun t  of oxygen which var ious  
oils absorb under  the same set of 
conditions.  Linseed, of course, 
heads the l ist  wi th  an oxygen ab- 
sorpt ion of 16 per cent. Next  
comes corn oil wi th  about  10.6 per 
cent, cottonseed with about  9 per  
cent, sesame 8 per cent, peanu t  6.5 
per cent, olive 5.25 per cent  
and paraffin oil p rac t i ca l ly  zero. 
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Bear  these relat ive amounts  in 
mind,  as we will re fer  to them 
in jus t  a moment.  Nei ther  l inseed 
nor paraffin oil are, of course, edi- 
ble, but  are given here by way of 
comparison as they represent  the 
two extremes. 

Samples of mayonna i se  dress ing 
were made up alike in all respects 
except tha t  a different oil was used 
in each. Corn, cottonseed, peanut ,  
olive and paraffin oil were used. 
These samples were exposed to the 
air  in shallow glass dishes and the 
discoloration noted af ter  24 and 
48 hours.  

Pla te  26 shows one of these shal- 
low glass dishes which has been 
filled wi th  mayonnaise  and exposed 
to the air.  In  the plate the dis- 
colored port ion shows black, but, 
of course, this  actually was a dark 
yellowish brown. The l ight  spot 
in the center  is the por t ion of may- 
onnaise  which was covered at the 
outset  of the test  with a very t h in  
cover glass. This  protects the sur-  
face of the mayonnaise  immediate-  
ly under  it f rom the action of the 

Plate 25 
Relative oxygen absorption of var- 

ious oils 

ai r  and as it  prevents  this  por t ion 
f rom discoloring, serves by way of 
comparison to tell at a glance j u s t  
how much discoloration has taken 
place on the exposed surface.  

The examina t ion  shows tha t  the 

extent  of darken ing  is in propor-  
t ion to the oxygen absorpt ion of the 
oil. In  other words, the more oxy- 
gen tha t  the oil has a tendency to 
absorb the grea te r  will be the dis- 

Plate 26 
Effect o/ air-exposure in darken- 

ing mayonnaise 

coloration of the mayonnaise  made 
f rom tha t  oil. 

Pla te  27 shows the relat ive dark. 
en ing  of the samples made up witb 
the different oils. The oils used 
const i tu te  the only differences be- 
tween the respective samples, so 
tha t  any differences in discolora- 
t ion mus t  be due to different be- 
havior  of the respective oils. The 
sample made wi th  corn oil shows 
most darkening,  cottonseed next ,  
peanu t  next,  and paraffin oil least.  
By r e f e r r i ng  aga in  to Plate  25, we 
see tha t  this  is in the order of de- 
creas ing oxygen absorptions.  In  
other words, this  test  showed in  
general  tha t  the h igher  the oxy- 
gen absorpt ion value of an oil, the 
grea ter  the da rken ing  or discolora- 
t ion of the mayonna ise  made f rom 
it when exposed to air.  Cer ta in  
other factors  influence the darken-  
ing as will be noted la ter  bu t  the 
re la t ion of oxygen absorpt ion to 
darken ing  is of fundamen ta l  im- 
portance and should not  be lost 
s ight  of. 
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Paraffin oil is pract ical ly non- 
oxygen absorb ing  so tha t  we shall 
expect it  to show the least discol- 
o ra t ion  and the exper imental  facts  
prove this  to be correct. Paraffin 
oil is used here because it  is non- 

Plate 27 
Comparative darkening under air- 
exposure of mayonnaise mixtures 

made from various oils 

oxygen absorbing,  and serves as a 
check on the other oils. Inasmuch  
as even some discoloration occurs 
on mayonnaise  made wi th  paraffin 
oil, a l though the discoloration is 
least of all the oils, there  mus t  be 
a factor  besides the oxygen absorp- 
t ion of the oils. Therefore,  it  mus t  
be t rue  tha t  some of the discolora- 
t ion is b rought  about  by exposure 
of the egg to the air .  

Some exper iments  were then  un- 
der taken to de termine  the effect, i f  
any, of the other ingred ien t s  on 
discoloration. By other ingred ien ts  
we refer  to the ingred ien t s  beside 
oil, egg, and wa te r ;  namely,  salt, 
v inegar ,  mustard ,  pepper, paprika,  
lemon juice, sugar  or any  other 
added material .  

Samples of mayonna ise  were 
made wi th  cottonseed oil, which 
shows moderate  but  not excessive 
darkening.  To different  samples 
were added o rd ina ry  vinegar ,  s ter i l -  
ized vinegar ,  acetic acid of the 

same s t r eng th  as the v inegar  used, 
lemon juice, ci tr ic acid of the same 
s t r eng th  as the lemon juice used, 
mus ta rd ,  pepper, and paprika.  
Samples were also prepared with 
and wi thout  salt, and wi th  wa te r  
in the place of vinegar .  

The summa r y  of these tests  was :  
F i r s t . - - A n  ord inary  amoun t  of 

salt (1%)  does not  appear to in- 
crease or decrease discoloration. 

Second . - -S t e r i l i z ed  v inegar  gave 
no improvement  over o rd ina ry  
vinegar .  This  test  was car r ied  out 
as it  @as thought  possible some of 
the darken ing  migh t  be due to bac- 
te r ia  or other o rgan isms  in the 
vinegar .  

T h i r d . - - S a m p l e s  made wi th  ace- 
tic acid of the same acid s t r eng th  
as v inegar  were found to discolor 
less than  those made wi th  v inegar .  

F o u r t h . - - C i t r i c  acid showed a 
very sl ight  improvement  over lemon 
juice but  ne i the r  lemon juice nor  
ci tr ic acid were as good as acetic 
acid. 

F i f t h . - - W i t h  samples con ta in ing  
mustc~rd and v inegar  the discolora- 
t ion was much grea te r  t han  wi th  
v inegar  only. 

S i x t h . - - P e p p e r  and papr ika  were 
found to exert  a da rken ing  effect. 
Of these two, papr ika  was the most  
noticeable. 

Summing  up we would say tha t  
some benefit could be secured by 
subs t i t u t i ng  acetic acid for  vine- 
g a r ;  tha t  m us t a r d  appears to be 
responsible for  a considerable 
amount  of da rken ing  and to a lesser 
extent  pepper and papr ika ;  tha t  a 
moderate  amount  of salt has no 
effect. 

Jus t  why mus ta rd  and spices 
present  in the small amoun t  t ha t  
they are should cause such a con- 
siderable da rken ing  is hard  to ex- 
plain. A possible explanat ion is 
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t h a t  the  power fu l  vola t i le  and  non- 
vola t i le  oils which  these  subs tances  
conta in  act  l ike d r i e r s  on the  oil 
and cause them to absorb  more  
oxygen  than  they  o therwise  would 
and t he r e fo re  cause them to da rken  
to a g r e a t e r  extent .  This  ac t ion  
would be s imi l a r  to t h a t  occur r ing  
when a small  amoun t  of d r i e r  (ap-  
p r o x i m a t e l y  1 % )  is added to l in-  
seed oil in m a k i n g  pa in t .  These  
d r i e r s  (gene ra l ly  compounds of 
lead, manganese  or  cobal t )  cause  
the  l inseed oil to  absorb  oxygen 
ve ry  rap id ly ,  and the  pa in t  dr ies  
in about  24 hours  whe reas  i f  the  
d r i e r  were  not  used, the p a i n t  
would sti l l  be sof t  a t  the  end of  
severa l  weeks.  

In  cons ider ing  the  whole sub jec t  
of  discolorat ion,  one is impressed  
wi th  the  fac t  t ha t  the  changes  
which take  place are  ve ry  complex 
and appea r  to be a combina t ion  of 
f ac to r s  r a t h e r  than  any one. The 
ox ida t ion  of the  oils is one th ing,  
however ,  t ha t  is f a i r l y  well es tab-  
l ished,  so t ha t  in sugges t ing  ways  
and means  of e l imina t ing  or  a t  
l eas t  r educ ing  discolora t ion,  the  
use of non -d ry ing  oils or oils of 
low oxygen absorp t ion ,  would be 
one means.  

A more  feas ib le  way  commercia l -  
ly is  to fill the  package  qui te  s 
so t h a t  the  amoun t  of a i r  space 
above the  mayonna i se  is reduced  
to a min imum,  thus  r educ ing  the  
amoun t  of oxygen which  the  oil can 
absorb .  

A n o t h e r  is to seal the  mayonna i se  
unde r  vacuum. Samples  of vacuum 
packed mayonna i se  have been found  
to show an a lmost  negl ig ib le  dis- 
coloratiOn. 

And  finally, the  care fu l  select ion 
of  spices  and a s p a r i n g  use of t hem 
and of  m u s t a r d  p a r t i c u l a r l y  should 
give cons iderab le  re l ie f  f rom dis-  
colorat ion.  

Special Notice A. O. C. S. 
The Research  Assoc ia te  of t he  

Society,  Miss Walker ,  a t  the  Bu- 
reau  of  S t anda rds ,  Wash ing ton ,  
will  p robab ly  be r e a d y  to s t a n d a r d -  
ize all red  glasses  J a n u a r y  2. Make 
your  a r r a n g e m e n t s  wi th  A. W. 
Pu t l and ,  P o r t s m o u t h  Cotton Oil 
Refining Corpora t ion ,  P o r t s m o u t h ,  
Va., f o r  dates  when the  g lasses  can 
be submi t t ed  to avoid unnecessa ry  
delays.  The cha rge  for  each g lass  
will  be $1.50. 

In  connect ion wi th  th i s  ma t t e r ,  
the  Govern ing  Board  has  adopted  
rules  r equ i r i ng  all r e fe ree  chemis t s  
to have the  fol lowing cert i f ied 
g lasses  as a m i n i m u m  s t a n d a r d  
se t :  0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 
0.8, 0.9, 1.0, 2.0, 3.0, 3.5, 4.0, 5.0, 
6.0, 7.0, 7.6, 8.0, 9.0, 10.0, 11.0, 
12.0, 16.0, 20.0, in the  reds,  and  
1.0, 2.0, 3.0, 5.0, 10.0, 15.0, 20.0, 
and  35.0, in the  yellows. A f t e r  the  
necessa ry  t ime  fo r  cer t i f ica t ion  of  
the  g lasses  has  been allowed, re fe-  
ree  cer t i f icate  will  be r e fused  un- 
less these  g lasses  a re  owned by the  
chemis t  app ly ing .  

Harris Takes Over Parks- 
Cramer Line 

Mr. John P. H a r r i s ,  Chemical  
Eng ineer ,  of 400 N. Mich igan  Ave-  
nue, Chicago,  Ill., who has  been 
r e p r e s e n t i n g  I n d u s t r i a l  Chemical  
Co. in W e s t e r n  and  Sou the rn  t e r r i -  
tory ,  has  added to his  l ines the  in-  
direct  o i l -hea t ing  deodor iz ing  equip-  
men t  of P a r k s - C r a m e r  Co. of Bos- 
ton, Mass.,  offer ing the M e r r i l l  
Sys t em of  deodor izer  he a t i ng  and 
control .  Mr. H a r r i s  will  r e p r e s e n t  
the  P a r k s - C r a m e r  Co. in t he  same 
t e r r i t o r y  which he will  cont inue to 
cover fo r  I n d u s t r i a l  Chemical  Co. 


