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Solubility and Swelling of Metallic Ricinoleates in Solvents 
T. C. PATTON and WILLIAM LINDLAW, Sales Service Department, 
The Baker Castor Oil Company, Bayonne, New Jersey 

~ / ~  E T A L L I C  ricinoleates belong to a class of ma- 
J v j [  terials known as metallic soaps, which in tu rn  

are commonly defined as the alkaline-earth and 
heavy metal salts of monobasic organic acids. Metal- 
lic soaps are characterized by a unique structure in 
that  they combine in one molecule a non-polar organic 
radical with a polar carboxyl group having one hy- 
drogen replaced by metal. I t  is the presence of these 
two dissimilar groups in a single molecule which ac- 
counts for the many interesting and commercially 
important  applications for metallic soaps. 

The metallic stearates (aluminum, zinc, calcium) 
and the metallic naphthenatcs (lead, cobalt, man- 
ganese, copper) are well known metallic soaps and 
account for  about 70% of the annual United States 
metallic soap production of some 40,000,000 pounds 
(1949). Hundreds  of other metallic soaps are the- 
oretically possible, but  relatively few have achieved 
the commercial importance of the metallic soaps noted 
above. In  many cases this has been due a) to lack of 
knowledge concerning them and b) to the fact  that  
they have not been commercially available. 

Within the past year  a group of soaps based on the 
fa t ty  acids of castor oil, and known as the metallic 
ricinoleates, have been brought  f rom relative obscur- 
i ty to a stage where full scale production is now under  
way. Castor oil, itself, is differentiated from other 
fa t ty  oils by  the presence of a hydroxyl  group on the 
12th carbon atom of its principal fa t ty  acid (ricin- 
oleic acid). This feature leads to unusual properties, 
such as solubility of castor oil in alcohol, the only 
fa t ty  oil to be so soluble. I n  tu rn  it was conjectured 
that  the presence of this hydroxyl  group might also 
confer unique solubility properties to those metallic 
soaps derived from castor oil. 

I t  is the purpose of this paper  to report  on five of 
these soaps and specifically on their solubility and 
swelling characteristics. I t  is felt that  this informa- 
tion will be of distinct value in developing useful 
applications for  these relatively new products. 

Three of these metallic ricinoleate soaps (or salts), 
based on the fa t ty  acids of castor oil, are being sup- 
plied to the trade as fine white powders. In  appear- 
ance they are quite similar to their metallic stearate 
counterparts. A four th  metallic ricinoleate, magne- 
sium ricinoleate, is supplied in the form of coarse 
white granules which tend to fuse together on stand- 
ing. The fifth metallic ricinoleate, aluminum ricin- 
oleate, is supplied as a taffy-like product. Metallic 
stearates corresponding to these five metallic ricin- 
oleates are also included as reference materials in 
developing this solubility information. 

The literature has little to say about the solubility 
of metallic ricinoleates. For  example, Doss (1) in his 

recent excellent and comprehensive compendium of 
data on fa t ty  acid salts was able to locate and report 
only the briefest information on metallic ricinoleate 
solubility as drawn from six references out of a total 
of 612 references on metallic soaps in general. Hence 
it was decided to determine in some detail the solu- 
bility characteristics of aluminum, barium, calcium, 
magnesium, and zinc ricinoleates. 0 n l y  factual data 
is reported, and no attempt has been made to theorize 
or otherwise interpret  the results obtained. 

I n  planning the s tudy on solubility, it was decided 
to work first with only two concentrations (25% and 
50%) of the five metallic ricinoleates in selected sol- 
vents. F rom this screening evaluation more detailed 
s tudy could be made as indicated. Parallel solubility 
tests were also run  on the five corresponding metallic 
stearates to give a comparison reference system. 

The 25% and 50% solution concentrations were 
made up as follows in some 25 solvents: 

Procedure for Prepar ing 25% Concentration 
of Metallic Soap 

a)  25 g. of soap were p laced  in  a t a r e d  250-ml. E r l enmeye r  
flask. 

b) 75 g. of solvent were added. 
c) The contents of the flask were refluxed on a steam bath 

for three hours. 
d) The flask was then removed from the steam bath and 

immediately stirred to insure a uniform composition. 
e) Before allowing the mix to cool to room temperature, a 

representative sample was poured into a 50 ml. test tube. 
f) The filled test tube was stoppered and placed in a rack 

for observation after aging at room temperature for 24 
hours and 30 days. 

Procedure for Preparing 50% Concentration 
of Metallic Soap 

a )  50 g. of soap were p laced  in  a t a r ed  250-m]. beaker .  

b) 50 g. of solvent were added, and the mix was stirred to 
insure a unifbrmity of composition. 

c) This mix was then passed through a three-roll laboratory 
paint mill three or four times to achieve a uniform dis- 
persion of soap in the solvent 

d) The dispersed product obtained by the milling procedure 
was returned to the 250-m]. beaker and the solvent loss 
sustained during milling determined. 

e) Any required makeup of solvent was added, and the mix 
was given a final pass through the mill. 

f) A 50-ml. test tube was filled with the final dispersion and 
stoppered. 

g) The filled test tube was then placed in a rack and ob- 
served after aging at room temperature for 24 hours and 
30 days. 

A mechanical dispersion method was used for ob- 
taining the 50% soap concentrations since it was 
believed some difficulty might be exper ienced  in 
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o b t a i n i n g  such concentrated solutions by  heating. 
However subsequent work showed heating could be 
used although equivalent end results were not neces- 
sarily obtained. 

The mechanical dispersion was not feasible for  the 
25% c o n c e n t r a t i o n  since, in general, the mixtures 
were too liquid for proper  grinding action on the 
paint  mill. The soaps and their analyses are given 
m Table I. The solvents selected for consideration 
are given in Figure  4. 

TABLE I 

Analysis  of Metallic Soaps 

Ricinoleates a 

Soap Vola- Total S o l u b l e  Fine- 
_ _  _ tile MP _ ash I salts ness~ c 

% on. I % % ~o 
A1, tr i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 I ...... I 5.5 I .10 
~ .................................... 2 I 115 I ~5.5 / ~0 l 

2.5 / 95 I 8.5 I 65 a 
Z~ng.....:..::::::. ::::..:.. ................ [ .5 ...... 7.51 .~ 95 12.5 .~5 ~b' 

Stearates  b 

Al, t r i  (No. 132)  ............ ] .5 113 5.5 .10 95 
B a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 145-155 22.5 .10 100 
Ca ................................... 2.0 1 6 9  9.0 .25 100 
Mg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 159 8.0 .35 100 
Zn, (Tech.) . . . . . . . . . . . . . . . . . . . . .  125 15.0 .10 100 

aSupplied by The Bake r  Castor Oil Company. 
b Obtained from Witco Chemical Co. These metallic stearates are 

commercial grade soaps .and are understood to be p repared  f rom double- 
pressed stearic acid or its equivalent. 

c Pe rcen t  t h rough  200-mesh sieve. 
dCoarse white  granules .  

On standing the dispersed metallic soaps mixes 
exhibited a very  wide range of solubility behavior 
ranging from clear liquids or clear gels to watery 
slurries or opaque crumbly gels. In  many cases 
liquid separation occurred. In  other cases the soap 
was incompletely wetted. 

Since no convenient system appeared to be existent 
in the l i terature for  describing the wide var ie ty  of 
solutions, gels, pastes, slurries, visco.us liquids, and 
so for th  which resulted from dispersing the soaps in 
different solvents, a simple scheme was proposed and 
used for coding the soap solutions obtained. This sys- 
tem covered the two properties of appearance (clar i ty 
and color) and consistency (viscosity). Limited soap 
swelling f requent ly  occurred, as indicated by a sep- 
arat ion of the mixture  into a swollen soap phase and 
a liquid (solvent) phase. Although qualitative in na- 
ture,  the coding system served to nicely describe the 
test results observed. 

Appearance Consistoncy 

C T r a n s p a r e n t  ( c l e a r  t o  s t r a w )  1. T h i n  W a t e r y  L i q u i d  
T T r a n s l u c e n t  ( y e l l o w  t o  b r o w n )  2. V i s c o u s  L i q u i d  

W O p a q u e  ( w h i t e )  3. G r e a s e ,  P a s t e ,  S o f t  Ge l  
4. H a r d  o r  C r u m b l y  G e l  

4R .  R u b b e r y  G e l  

Thus the following conditions might be coded as 
follows : 

C l e a r  T h i n  L i q u i d  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C1 
O p a q u e  S l u r r y  .................................................................. W 1  
C l e a r  H a r d  Ge l  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C4 
T r a n s l u c e n t  G r e a s e  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T3  
H e a v y  C r e a m  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  W 2  

Using this coding, initial results were t a b u l a t e d  
and reviewed. An inspection of the data revealed 
the two obvious facts that  a) metallic ricinoleates are 
generally more soluble than stearates and b) limited 
soap swelling in solvent is quite common as indicated 
by the high incidence of two-phase systems. 

This last observation pointed up the need for  a 
more quanti tat ive type of information which would 
take into account the separation of liquid from the 
swollen soap phase. 

Hence a fu r the r  and more detailed study was car- 
ried out, designed to determine the solubility and 
limiting swelling concentration of the metallic ricin- 
oleates in the selected solvents. 

By limiting swelling-concentration (LSC) is meant 
that  borderline concentration of soap in solvent be- 
yond which no fu r the r  swelling or acceptance of sol- 
vent by  soap takes place. Proceeding from pure soap 
to this LSC, the soap swells and imbibes all solvent 
completely with no excess solvent lef t  over; beyond 
the LSC, swollen soap and saturated soap solution 
coexist together as a two-phase system. 

In  this second par t  of the study only aluminum 
stearate was included as a reference metallic soap 
since the prel iminary screening s tudy had shown the 
barium, calcium, magnesium, and zinc stearates, in 
general, to be both relatively insoluble and resistant 
to swelling action, i.e., gave mostly opaque slurries, 
sludges, and pastes. 

In  obtaining a LSC, the following technique was 
used. A series of soap/solvent mixtures were prepared 
for a given test soap in a selected solvent at a number  
of stepwise soap concentrations (say 10%, 20%, 30%, 
40%, 50% 60%).  

These mixtures were then heated with st irr ing to 
just  above the lV[.P, of the soap, if this was possible, 
or at the B.P.  of the solvent to effect a solution of the 
soap. The mixture  was then allowed to re tu rn  to room 
t e m p e r a t u r e .  On standing a week, those mixtures 
which exhibited synaeresis usually gave a clean-cut 
two-phase separation, consisting of soap (at  its LSC)  
and excess of solvent; those mixtures with concen- 
trations above the LSC appeared as homogeneous soap 
gels or incompletely wetted soap with no free solvent. 

F o r  the metallic soap solvent systems which failed 
completely to show any  separation of soap from sol- 
vent, the nature  of the dispersed soap at several 
selected percentage compos i t ions  was observed and 
reported. Even in those few cases where separation 
might have been forced, as by  centrifuging, this was 
not done. 

Because of the wide range of melting points of the 
soaps and the even wider range in boiling points of 
the solvents, this procedure was made somewhat more 
flexible than pr ior  screening procedures. For  exam- 
ple, in the case of those solvents which boiled at 
tempera ture  below the melting point of the soap the 
boiling point of the solvent fixed the maximum dis- 
persion temperature,  and hence to achieve a hot soap 
solution in such cases hea t ing  and agitation were 
continued longer than in those cases where the soap 
melted. 

Procedure for Determining the Solubility and 
Limiting Swelling Concentration of 

Metallic Soaps 
For  each determination the total weight of soap 

and solvent was made equal to 100 g: For  5% solu- 
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tion five g. of soap and 95 g. of solvent were used; 
for a 10% solution, 10 g. of soap and 90 g. of solvent 
were used, etc. The actual procedure follows: 

a) The required amount of soap and solvent, totaling 100 g., 
was placed in a tared 250-m1. beaker. 

b) The beaker was partially ~mmersed in art oil bath. 
c) The temperature of the oil bath was then adjusted to 

heat the soap/solvent mixture to the melting point of the 
soap or the boiling point of the solvent, whichever was 
lower~ 

d) The mixture was stirred thoroughly by hand at the se- 
lected temperature until u uniform product was obtained. 

e) The beaker and sosp solution were then reweighed, and 
any solvent loss was replaced. 

f )  After  a final stirring to achieve a homogeneous product, 
a 50-ml. test tube was filled with the uniform dispersion OBSERVED 

to a predetermined volume and stoppered. 
g) The stoppered test tubes were placed in ~ rack and ob- 

served after aging one week. The volume of the soap 
phase was estimated for all those mixtures where phase 
sepuratio.n occurred. Where stable dispersions of swollen 
soap in solvent resulted instead, the gradations of be 
havlor within the dispersion range were observed, esti 
m~tted, and recorded at selected concentrations. 

By lining up the several test tubes containing the 
several mixtures in proper sequence, where liquid 
separation occurred, and then by plotting the esti- 
mated volume of each soap phase against the soap 
concentration, it was possible to determine an ap- 
proximate LSC a borderline soap concentration sep- 
arating those concentrations with excess solvent and 
those with excess soap, i.e., concentration where the 
soap was incompletely swollen. 

A shorthand or graphic method of expressing the 
data obtained was adopted as a handy and concise 

REPORTED means for describing the observed results. This nota- 
tion, which is illustrated in Figures 1, 2, and 3, is 
self-explanatory. 

Figure 1 illustrates the type of l imited swelling 
which normally occurs in most of the cases where 
phase separation takes place. In such cases the metal- 
lic soap can be considered (for all practical purposes) 
as s u b s t a n t i a l l y  insoluble in the sotvent. By  the 
same token the liquid phase which separates out on 
cooling and standing can be considered as substan- 
tially pure solvent. 
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:Pie. 1. Method for obtaining and reporting limiting swelling- 
Concentration (phase separation with negligible soap solubility). 

Figure 2 illustrates the few scat tered  ins tances  
where a significant soap solubility occurred along 
with phase separation. In such instances the soap 
solubil ity can be roughly ganged by reference to 
the intercept of the slant line with percentage scale 
(opposite end from the LSC intercept).  

In certain cases a haze or minor precipitation oc- 
curred which was presumably due to insolubil ity of 
the non-rieinoleate fractions of the castor oil fatty 
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SOLVENTS 

Lopor 40 
.ETROLEOM O,L 

ALIPHATIC 

AROMATIC 

V.M. ~ P, Naphtha 

Cyclohexone 

TERPENES Turpentine 

Butanol 

ALCOHOLS 

GLYCOLS 

KETONES 

ESTERS 

] STEARATES I RIGINOLEATES 
Al(tri) I I Al(tri) I I  Ba I I  Ca I I  Mg I I Zn 

G T 
2 2+ 

:5 4 ~ d 

Mineral Spirits I ~ ~ - ~ 4  T 

:5+4(R) Z~ :5+ ~/ ~ 2 4 .~ 2 :5+ 
E" T ~ 7 ~ 3 +  + ~ 7T O W~7~-LW 

Diocetone Alcohol X ~ - W ~  7 ~ - ~  - -  ~'3 3 :5  ~ : 5  ~ o o 
O C C O - - / T +  T+ 

(Hexylene Glycol) X 1 ~ / .  2 Z .3 4 . 

EthyLene Glycol Mona- 
ETHER ALCOHOL methyl Ether {CellosoN 

Carbon Tetrochior(de 

/ T+ T§ 
3 3 

Acetone ~ ~ 

Methyl Isobutyl Ketone ? 4 2 4 1 
(M I BK) ~ ~ * L L 

T*W w G C ~ T ~  
Cyclohexonone 2 2+3 1 2 2 4 / : 3 : 5  1 t G 

Butyl Acetate " 3 :5+ 4 ~ '1:5:5+ 

Dioctyl Phthalote T T+ ,, C+ G ~ ' G - - ' ~  
(DOP) 2 :3+ :5+4 4 "-:5:5"l- 

Methyl AoetylRioino,eate T T 
(Flexricin@P-4) 2 :5+ ~i :5 4 2 4 ~ :3 4 2 :5+ 

Ether (Cellosolve: / _ ~ :5:5 ~ , I ,  
C > C ~  ~T T+ G T T C ~  \ T +  T+ 

033 4(R) ~2+34 122:5 4 1 2 

?2 --( \O T-T N T §  T ; ~  ~ T  _:54 
4T(R) C C ' O T* 

T T+ T+ T T C T T C+ C+ T 
2 : 5 : 5  ~ 2  4 ~ 1  2:5 5 ~ 2 + : 3  4 2 4 

T+ T+ ' C C O i G C T T  C G G 
Linseed Oil (PHB) :5+ :3§ X 2 :5 4 2 3 5+ 2 4 2 

i C C ! T T+ 
:5 :5 t :5 4 1 1+ 1+ 

G C C T T  T G C 
T+ / G C2:5 4 1 2:5 ~ 1 . 4 ( R ) . . .  :5 . 9 ~ ~ ~ ~ _ _ _ , 2 +  , 

CHLORINATED 

SOLVENTS Trichloroet hylene 

SOLVENT MIXTURE 80 Toluene/20 Ethanol 

Castor Oil (AA | 

VEGETABLE OILS 

Dehydrated Castor Oil 
(Castung | 105 G-H) 
DCO- Pentalyn G 

VARNISH (20 gaJ;on o]1 length) 

Copy6ght 1955 
THE 8AKER CASTOR OIL COMPANY 

! 
Oeslg.ed by PERCENT SOAP 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60~ 
T.C. pc,ton PERCENT SOLVENT 100 80 60 40 I00 80 60 40 I00 80 60 40 IO0 80 60 40 IO0 80 60 40 ~00 80 60 

[Appearance: C=tronsperent(cleorto straw); m=translucent(yellow to brown); W = white (opaque); X= no significant solubility of metallic soap in hot solvent 
CODING / 

~ Consistency: 1 = thin liquid- P = viscous liquid- 3 = grease paste soft gel." 4 = herd or crumbly gel; 4 (R) = rubbery gel; W=slight adventitious precipitate 

F~o. 4. Solubility and swelling of metallic soaps. 

acids. Where  this was observed, a notation was made 
to this effect, bu t  the effect of any  such precipi tat ion 
was neglected in working out an L SC. I t  was fel t  tha t  
this action was justified since the effect of the non- 
ricinoleate f ract ion was slight or negligible. 

F igure  3 i l lustrates the method used for  recording 
the data where no phase separat ion occurred, the 
mixtures  increasing gradual ly  in consistency f rom 
clear solvent to soap with no intermediate stage giv- 
ing phase separat ion up to the 60% max imum soap 
concentration worked with in this study. 

As can be seen f rom this shor thand graphic  re- 
cording, the presence of a slant line always indicates 
phase separat ion whereas the absence of the slant 

line indicates the absence of phase separation, the 
soap remaining completely dispersed in the solvent 
at  all soap concentrations. 

The summary  of final results is given in F igure  4 
for  some 150 soap/solvent  combinations, -which re- 
quired prepara t ion  of well over 1,000 test solutions. 

The following conclusions are drawn f rom a con- 
sideration of the extensive data developed b y  this 
investigation : 

a) Almost without exception, a luminum tr is tearate and the 
ricinoleate soaps of aluminum ( t r i ) ,  barium, calcium, 
magnesium, and zinc are dispersible in 24 common sol- 
vents, where such soap/solvent  systems are heated to jus t  
above melt ing point of soap or to the boiling point of the 
solvent (whichever is lower). 
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b)  Of the  above soap / so lven t  m i x t u r e s  which  are  dispers ible  
hot, t he re  resul ts ,  on cooling and  a g i n g  fo r  one week a t  
room tempera tu re ,  a two-phase  sys t em (cons i s t ing  of swol- 
len soap and  solvent)  in  abou t  80% of the  cases and  a 
homogeneous  sys t em in about  20% of the  cases. 

c) I n  the  case of the  two-phase  swol len-soap/so lvent  sy s t em 
a) the  swollen soap appears  to have  a l imi ted  swel l ing 
abi l i ty ,  in tha t ,  beyond a cr i t ical  soap concen t ra t ion  (a 
l imi t ing  swel l ing concen t r a t ion ) ,  no f u r t h e r  soap swel l ing 
occurs and  b) the  solubi l i ty  of  the  soap in  the  solvent  is  
genera l ly  very  s l ight  (on the  order  of less t h a n  1 % ) .  

d)  I n  the  case of the  homogeneous  one-phase  sys t em there  
occurs a g r a d u a l  increase  in the  cons is tency or body  of 
the  solvent  as soap is added  to it ,  wi th  no in t e rmed ia t e  
s t age  where  l iquid s epa ra t i on  t akes  place (a t  l eas t  up  to 
the  60% m a x i m u m  soap concen t ra t ion  employed in th i s  
s t u d y ) .  

c) M a g n e s i u m  r icinoleate  is the  mos t  soluble of  the  six 
meta l l ic  soaps ,  e ight  solvents  d issolving th i s  soap up  to 
a 40% soap concen t ra t ion  and  beyond  to give clear,  th in ,  
soap solut ions.  Calc ium r icinoleate  is the  nex t  mos t  solu- 
ble soap.  

f )  A l u m i n u m  ( t r i )  and  m a g n e s i u m  r ie inoleates  t end  to g ive  
clear  soap / so lven t  mix tu re s  whereas  the  o ther  f o u r  soaps  
tend  to give mos t ly  t r ans lucen t  mix tu res .  A l u m i n u m  ( t r i )  
r icinoleate,  wi th  only few exceptions,  swells to give clear, 

ha rd  ge l  s t ruc tu res  wi th  l imi ted  swell ing,  whereas  mag-  
nes ium r ic inoleate  t e n d s  to give clear,  th in  to viscous,  
solut ions.  

g )  Wherea s  t he  metal l ic  s t ea ra tes  as a class, wi th  the  excep- 
t ion  of a l u m i n u m  t r i s t ea ra te ,  show a p a t t e r n  of genera l  
ine r tness  in  solvents,  the  metal l ic  r ic inoleates  show a wide 
p a t t e r n  of solubi l i ty  and  swel l ing behavior ,  r a n g i n g  f r o m  
clear th in  solut ions  to ha rd  gels. I n  compar i son  wi th  
a l u m i n u m  ( t r i )  s t ea ra te ,  the  metal l ic  r ie inoleates  gen- 
eral ly show ei ther  an  equal  or more  extens ive  solubi l i ty  
or swel l ing action,  and  definitely a more  va r ied  behavior .  

h )  As  an t ic ipa ted ,  the  metal l ic  r ic inoleates  as a class exhibi t  
ma rked  solubi l i ty  or swel l ing ac t ion  in alcohols, ether- 
alcohols, and  glycols as opposed to the  marked  insolubil-  
i ty  and  non-swel l ing of the  metal l ic  s tea ra tes ,  inc lud ing  
a l u m i n u m  ( t r i )  s tea ra te ,  in these  hydroxy- type  solvents.  

i) One fac t  of  prac t ica l  s ignif icance is t h a t  a)  f a t ty -o i l  t y p e  
vehicles and  b)  hydroxy-con ta in ing  l iquids can  genera l ly  
be bodied to produce clear l iquids of  a n y  v iscos i ty  by  the 
proper  use  of a sui table  meta l l ic  r iclnoleate.  
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Determination of Moisture in Peanut Butter 
M. B. PEPPER JR., 1 and A. F. FREEMAN, Southern Regional Research Laboratory, 2 
New Orleans, Louisiana 

T H E  moisture content of peanut  bu t te r  is relatively 
low (6) as a result of the roasting operation. I t  
is important  to know the moisture contents of 

roasted peanuts and of peanut  bu t te r  in order to cal- 
culate a materials balance during the processing of 
peanut  but ter ,  or to determine the amount of shrink- 
age that  occurs from loss of moisture. Moisture con- 
tent is part icular ly important  in the calculation of 
uniformity  of incorporation of stabilizers in peanut  
butter ,  in consideration of the fact  that  peanut  but- 
ter  is often stabilized by  the addition of as little as 
0.8% of hydrogenated peanut  oil, an amount smaller 
than the amount  of moisture present  in the peanut  
butter.  I t  also is impor tant  to know the moisture 
content of stored peanut  bu t te r  because of the unde- 
sirable effect of high moisture on product  quality. 

At  the present time there is no official method for 
the quanti tat ive determination of the moisture content 
of peanut  butter .  The Official and Tentative Methods 
of Analysis of the American Oil Chemists' Society 
describe two oven weight-toss-techniques (la,  b) for  
the determination of moisture and volatile mat ter  in 
peanut  kernels. Original moisture and volatile mat- 
ter  on the sample as received is determined by the 
loss in weight on heating a 40-50~g. whole kernel sam- 
ple for  three hours at 130~ (designated Ab 2-49). 
The second method (designated Ab 3-49) is used in 
the determination of oil and ammonia. I t  consists of 
heating a 40-50-g. whole kernel sample 20 minutes at 
130~ followed by slicing the complete sample and 
then heating a 5-g. port ion for  two hours at 130~ 
The two methods are designed to lower both materials, 
the whole kernel sample and the sliced, part ia l ly  dried 
sample, to the same state of dehydration. Inasmuch as 
peanut  but ter  and roasted peanuts are part ia l ly  dried, 
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the second method was considered more appropriate  
for  the determination Of moisture and volatile mat ter  
in these materials. 

During an investigation of the manufacture  of pea- 
nut  but ter  at the Southern Regional Research Labo- 
ratory,  Morris, et  al.,  3 found differences in moisture 
content of 0.2-0.6% as d e t e r m i n e d  by  the forced- 
d ra f t  oven method for "second" moisture between the 
blanched, roasted peanuts and peanut  bu t te r  made 
from such peanuts. Since the product  was heated 
little in passage through the grinder,  it was consid- 
ered doubtful  that  the lower moisture content of the 
peanut  but ter  indicated a real  loss of moisture bu t  
ra ther  that  the method used was inadequate for  pea- 
nu t  butter .  

I-Ioffpauir (4) has pointed out tha t  the determina- 
tion of moisture content of biological materials by  
loss-in-weight on heating is an entirely empirical pro- 
cedure, governed by  temperature  of heating, time of 
exposure, surface area of the sample, pressure, and 
nature  of the material. I t  is a mat ter  of common ex- 
perience that different moisture contents are obtained 
for  the same material  on use of different methods. 
Without  doubt  such results are produced by  differ- 
ences in methods which impose more or less drastic 
conditions and hence result in greater or less loss of 
volatile mat ter  f rom the sample. Hoffpauir ' s  results 
(4) indicate that  a more drastic set of conditions 
produces a higher apparent  moisture content. 

The methods of Bidwell and Sterling (2), Dean and 
Stark (3), and various refinements of these methods 
for  the determination of moisture by toluene distilla- 
tion have been used frequently.  The improved appa- 
ratus of Tryon (5) for  use with this type of method 
appeared to offer advantages in the determination of 
moisture in peanut  butter ,  par t icular ly  in considera- 
tion of its applicabili ty to materials of low moisture 

s Unpublished data. 


