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Abstract
The effects of different solvents, degree of d ih>

tion, type of resin, and temperature were studied
to determine the opt imum conditions fo r " d e -
mel:alization" of soybean oils with. cation ex-
change resins. Prooxidant metMs in c rude soy-
bean oils in aceto:ne or +,-hexane solutions can be
effectively removed when passed t,hrough columns
o f a strong cation exchange res in .

Introduction

p R~:VlOI~SLY (1,2,3) it has been shown t h a t with the
use of cation exchange resins, traces of prooxidant

metal can be removed from olive oil. The iron reten-
tion by the resin wa,~s so complete that we were able
to develop a method fo r t h e determh~ation of iron in
the oil wi thout the eonventionM ashing technique.
The demetalization process gives the olive oil a highly
superior stability. This is to be expected because of
the rde p layed by tt~e metals in autoxidation of the
unsaturated fa t ty acids.

This p a p e r describes the application o f the demeta.li-
zat ion technique to soybean oils. A following p a p e r
(4) will describe the observed effects on the oxida-
tion and fla~or stabilities as a consequence of part iM
demetNization o f those oils. The technique is to pass
a n aeetone solution o f the oil through a column o f a
strongly acidic resin in H+ form, with recovery of the
oil b y evaporating the solvent. Optimal conditions fo r
the demetalization o f soybean oil have been deter-
mined. The various conditions studied were the effects
of different solvents, type a n d volume o f res in , degree
o f dilution, a n d tempera ture .

Materials and Methods
All studies were made on commercial samples o f

c rude degummed oils because of the h ighe r metal
content of these oils as compared to refined oils,
Three samples o f otis described as B-1D, Be and No.
837 were used. ~ee TaMe I.

Columns. F o u r types o f conventional glass eoImnns,
with stoppers a t the lower end, were used. Colmnn
A : 15 × 300 ram; B: 15 × 560 ram; C was the same
size as B, b u t had a wate r jacket to prov ide different
temperatures. Column D: 43 × 560 ram.

Resins. Amberli te C(I-120 Vpe I mid Dowex 50 W
× 8, 100-200 mesh was use&

Solvents. Acetone fo r chromatography (Merck)
and isopropyl Meohol were used wi thout fu r the r puri-
fication, n-Hexane was rMist.illed.

Acid and peroxide values were determined by
AOC8 Official Methods (Ca 5a-40 a n d Cd 8-53).
Trace metals were determined by the method o f
Vioque a n d Villagr~n (5). This is based on the
extraeti~'e enr ichment with organic reageuts and chlo-
roform, followed by spectral analysis u s i n g beryll ium
as in terna l standard. Spectrographic analysis was
made on a Hilger E 498.

Procedures
General demetalization technique. The column ( A )

1 Supported by Grant No, FG~Bp~103-60 under Public Law 4SO,
AgricultvrM UtiL 14e~. Program, USDA.
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FI,a. 1. Example of crude soybean oil demetalizatiom Order
of spectra: Wavelm~gth scale; metal content of original oil
(spectra 1,2, and 3 from duplicate samples and blank); metal
content of demetalized oll (spectra 4,5, and 6); retained
metals by the exchange resin (spectra 7,8, and 9).



786 Vo~. 41T H E J O U R N A I , O F T I l E A M E R I C A N O I L ( ~ I I E M I S T S~ ' S O C I E T Y

T A B L E I
Charac te r i s t i cs o f t h e Soybean Oi i s

Oi l

B d ~ D
B . 2
8 3 7

A.V~
m g K O H / g

0.6
1 . 5
0 . 8

P.V.
m e q / k g

1 . 4
2 0 . 0
] 4 . 7

F e

1 . 1 9 ~.~ 0 . 1 8
2~82 ~ 0 . 4 2
0 . 8 8 ± 0 . 1 8

M e t ~ l C o n t e n t p p m

M n

0 . 2 5 5 ± 0 . 0 2 8
0 . 2 2 5 : ~ 0 ~ 0 2 5
0 . 2 8 1 ~ 0 . 0 3 1

C ~

0 . 0 8 5 ~ 0~012
0.0 i f8 ~ 0 . 0 0 4
0 X ) 1 9 ~ 0 . 0 0 3

Z n

L 2 3 ~ 0 , 3 8
1 . 7 2 ~ 0 , 5 3
L 1 6 ~ 0 . 3 6

was filled with a slurry of Antberlite CG-120, type I ,
resin in deionized water to give a 15 cm packing. T h e
column was washed upward witih deionized wate r to
eliminate the f ine s t particles o f resin aud occluded
air. This done, the wate r filling the column was al-
lowed to fil ter out the colunm through the bottom
stopcock unti l the resin settled down evenly. When
the w a t e r level was 1 cm at the top of the column,
50 ml 3N HC1 were added to convert the resin to
the hydrogen form, the wate r flow was adjusted to
0.5 m l / i n i m The colurun was then washed with ca.
100 m l o f deionized water , unt i l the eluate was neu-
t ra l and negative to Ck. It was fnen washed with
acetone (150 ml) unti l the eluated acetone was mis-
cible with oil.

F i f t y g of oil were weighed in a 250 ml conical
f lask and dissolved in 50 ml acetone. This was poured
into the column and the flow adjusted to 1 ml/min.
T h e column was then washed with ca. 40 ml acetone
to extract all the oil. Spot checks on the eluate were
made by placing a drop on cigarette paper. All oil
u:~ assumed to be extracted when the acetone did not
give an oil spot on the paper.

Recave~ of the metals. Acetone was removed from
the column by washing with 120 ml deionized water
unti l the eluate gave negative reaction to acetone (6).
T h e metals were extracted with 50 nil 3N HC1 (flow
of 0.5 m l / m i n ) . T h e column was washed with 10 ml
water , a n d the washings were added to the 50 ml

T A B L E I I

R e p r o d u c i b i l i t y o f Demeta l i za t ion T e c h n i q u e . Oi l B-1.D, Amber l i t e
( 3 G - 1 2 0 . I ( H + ) , S o l v e n t : Ace tone . 1:I . T e m p 2 0 0

R e t a i n e d m e a l s p p m

C o l u m n ~ ~ ~ - ' ~Fe M n C u Z n

............................... / 1 . o 6 / o . 2 1 2 ~ o . o 7 2 - / ~ . i 6
2 n d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ] 0 . 8 7 ~ 0 . 2 1 0 ~ 0 . 0 6 7 l I . I i
3rd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 0 . 8 8 / 0 . 2 4 8 / 0 . 0 6 5 / 1 . 0 5
4 t h ....................................... I 0 . 8 5 l 0 . 2 4 8 I 0 . 0 8 1 ] 1 . 3 9
5 t h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ] 0 . 7 8 ~ 0 . 2 5 2 ] 0 . 0 8 2 } 1 . 4 0
6th ...................................... ~ 0 . 9 7 t 0 . 2 5 0 / 0 . 0 8 8 / 1 . 8 0
A v g ...................................... ~ 0 . 9 0 / 0 . 2 3 7 / 0 . 0 7 6 I 1 . 2 4
T~-p i ca l d e v i a t i o n ................. 1 0 . 1 0 / 0 . 0 2 0 / 0 . 0 0 9 ] 0A5
Var ia t ion coeff ic ien t ............ / 1 0 . 9 / 8 . 4 | 1 2 . 1 | 1 2 . 1

T A B L E I I I
In f luence o f S o l v e n t , D i l u t i o n , a n d R e s i n V o l u m e ~ Oil B-I~D. Amber l i t e

O G I 2 0 . I ( H + ) . T e m p 2 0 C

C o i n m n S o l v e n t

] s t ] A c e t o n e
2 r i d ] I s o p r o p y l A l c o h o l a
3rd A c e t o n e
4 t h IsopropylA l c o h o l ~

Di lu ] R e s i n 1 Reta ined meta l s ( p p m )

1 : 3 8 0 m l 0 . 0 7 0 . 0 2 4 0 . 0 1 4 0 . 2 2
1 : 8 4 5 m l 0 . 2 0 0 . 0 9 1 0 . 0 3 1 ] 0~58
1 : 1 4 5 m l 0. I1 0 . 0 3 0 0 0 2 8 0 . 3 8

W i t h 2 % chloroform t o s o l u b i ize t h e oil.

T A B L E I V
I n f l u e n c e o f T y p e o f R e s i n , S o l v e n t a n d T e m p (Factor ia l Des ign) .

Oi l B - 2 , R o s i n V o l u m e , 3 0 m L D i l u t i o n 1 : 1

S o l v e n t

A c e t o n e

H e x a n e

i R e t a i n e d .. R e s i n
M e t a l s Amber l i t e 0 G . 1 2 0 . I , ] I + D o w e x 5 0 W X 8, H ÷

p p m I

Fe
i M n

e u

Fe I
M n

Z n

1 0 C 3 0 C

1 . 4 3 2 . 0 8
0 . 2 0 1 0 ~ 2 2 0
0 . 0 2 0 0 . 0 2 3
1 ~15 2 . 1 2

0 . 8 2 1 . 2 2
0 . 1 5 5 0 . 2 2 0
0 ~ 0 1 9 0 . 0 2 2

L 4 8 1 . 6 7

1 0 0 8 0 0

~ ( 1.a6
0 . 1 9 4 ] 0 . 1 5 6
0 . 0 3 1 ~ 0 0 1 6

/ 1 . 4 2

0 . 5 7 ~ 0 . 9 a
0 . 1 8 4 / 0 . 2 0 8
0 . 0 1 7 l 0 . 0 2 0
0 . 6 6 | 1 . 8 6

extract . The metals were determined in the t o t a l
extract . The oil was recovered from t/he acetone solu-
tion in a rota tory evaporator (temp below 40C).

With is~propyl alcohol as solvent, the volumes
handled in every step were the same as those used
with aeetone, n.Hexane required a dry ing step follow-
ing wate r washing, because of its immiscibility with
water . This was done by passing ca. 75 ml et/hyl
alcohol unt i l eluates were miscible with hexane, n -
Hexane was passed unti l miscibility with oH was ob-
served. Where the oil sample in hexane was passed
through the colmnn, 50 ml f resh hexane was added to
extract the residues o f oil, followed with ca. 50 ml
e t h y l alcohol unt i l the e lua te was miscible with water .

Reproducibility was studied with 9 columns o f type
A. F i f t y g each of the oil B-LD was analyzed on 6
columns. The o t h e r 3 were used as control blanks.
Acetone was used as the solvent in a di lut ion 1:1 on
30 ml resin Amberli te C G d 2 0 d - ( H ) . (Table II).

Influence of type of resin, solvent, a~t temperature.
A latin square (7) was statistically planned to study
the effects o f solvents, di lut ion (1.1 ; 1:3) and volume
o f resin (30 mI; 45 ml). The resin was Amberli te
C G d 2 0 J ( H + ) , which was efficacious in previous
work with olive oils. (Table I I I ) .

In another experiment p lanned in a factor ia l design,
the effect o f solvent (acetone, hexane), type of resin
(Amberli te CGd20-I; Dowex 50 W x 8) and telnp
(10C, 30C), was studied. (Table IV).

Results and Discussion
In previous studies (8) we observed t h a t both the

resins (It÷ form) used in this s t u d y darkened con-
siderably when in contact with acetone above 15C
over extended periods. Eluated acetone was also
colored but the meted retention capacity was not af-
fected, in the present studies, precautions were taken
not to leave the resin in contact with acetone above
15C for a long tinle.

The interpretation o f the results on Table III, by
analysis of t h e variance, is done ~s follows. The error

T A B L E V
C o n f i r m a t i o n o f Demeta l i z s t i on Obta ined wi t : h Ace toneAmber l i t e

T r e a t m e n t . Oi l B l e d

Or ig ina l Oi l ........................
Demetal ized Oi l . . . . . . . . . . . . . . . .
E l u a t a s f rom

t h e r e s i n ..........................

M e t a l c o n t e n t p p m )

. . . . . . . . . . . . . . . . .~ . . . . . . . . . . . . . . . . . . . . . . . .i . . . . . . . . . . . . . . . .~ ; ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1 . 1 9 } 0 2 5 5

T A B L E ¥ I
Inf luence o f R e s i n T y p e a n d S o l v e n t : . C o n f i r m a f i o n w i t l l D u p l i e a ~

T r e a t m e n t s . Oi l B-2~ V o l u m e o f R e s i n , 3 0 m L
D i l u t i o n , 1 : 1 . T e m p 2 0 C

S o l v e n ~

A ~ t o n e

H e x a n e

Reta ined
m e t a l s

p p m

Fe
M n
C n
Z n

Fe
M n
On
Z n

R e s i n

Amber l i t e
C ~ q 2 0 . I , H+

1 . 9 3 - 1 . 5 1
0 . 2 5 5 - 0 . 2 1 6
0 . 0 3 8 - 0 . 0 2 4
2~30 - 1 . 5 5

I . . . . . . . . . . . . . . . . . . . . . . . .
1 . 8 8 - - I .31
0 ~ 2 0 4 - 0 . 2 2 4
0 . 0 0 9 - 0 . 0 1 8
1 . 2 3 - 1 . 3 7

Dn~¥ex
5 0 W X 8 , H*

1 . 1 7 - - 1 . 5 3
0 . 1 6 8 - 0 . 1 9 6
0 . 0 0 9 - 0 . 0 1 5
1 . 2 8 - 1 . 2 7

0 . 3 1 - - 0 . 4 2
0 . 1 7 8 - 0 . 1 9 4
0 . 0 1 2 - 0 . 0 2 0
1 . 5 0 - - 1 . 3 6
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TABLE VII
Effects of Successive Treatments Hexane A,nberlite. Oil B~2. Dilution 1:1. Tamp 200

Column A (15 can)
First TTe~ ~ ent. ......................
Se~mnd treatmen*~ . . . . . . . . . . . . . . . . . .

Tolat retention ........................
Column B (30 era)

First~ e a ~ e nt ......................
Seermd treatment ...................

Total retention . . . . . . . . . . . . . . . . . . . . .
Ineinera~d

demelalized oil ....................

Retained metala (ppm)

P e Mn Cu Zn

1 2 1 2 I 2

1.38
0.67

2.05

1.90
1.02

2.92

0,21

1o31
0.38

1.69

1.14
0°99

2.13

0.08

0204
0.047

0.251

0~300
0~002

0,302

0.000

2 I

0.224 0.009
0.026 0.012

0250 0021

0.310 0.010
0,002 0003

02312 0.022

0.000 0.012

0,018
0.008

0,026

0.0i i
OX}00

0A)I1

0.010

123
0,21

1.44

1.88
0.00

1.88

009

1.37
0,04

1 ~41

1,66
0.00

1.66

0.00

t aken is the one calculated as described above and
frora the var ia t ion coefficient the typ ica l deviation
which corresponds to the average va lue o f the fou r
values of the latin square fo r t/,e metal studied is
calculated, which presupposc~ that. the coei~cient ~:ari-
ation does not change within this concentration range .
It was conchlded t h a t the influence o f solvent and
dilution is sigmificant in f avo r of acetone ( 1 : 1 ) , and
the influence o f resin volume for iron and manganese,
but not fo r copper and zinc, is significant in f avo r
of the small volmne. The conclusion t h a t a larger col-
mnn achieved a lower retention o f iron and manganese
is difficult to explain. The passing of addition~_ 50 ml
3N HCt through the co lunm showed that the metal
elution was emnplete. The only possible exphmation
could be the presence o f a rea l interaction between
solvent a n d di lut ion which , in the p lanned latin
square, would be eonfounded with the influenee of
resin volmne.

Conditions behmging to the f i r s t column are the re -
fore considered favorable. U n d e r these conditions, an
assay of demetalization was carr ied out with duplicate
samples of soybeau oil B d - D . Spectra obtained with
the or iginal oil; the demetalized oil; and the cluates
obtained with tiC1 from the coluirms, are shown in
Figure 1. (Table V).

Statistical interpretation o f the results on Table
IV shows siguificant iufluenee o f the solvent, in f avo r

FIR. 2. Exchange columns mounted in series for demetaliza-
tion o f 400 g crude soybean oil.

TABLE VIII
ln(ornple~ Retention of Iron From Oil No. 837.

Treatmelat: Hexane Anfberlite

.~nt (ppm)

Cu Zn

Original 0il No. 837 0.019 L16
No. 837 passed once 0,005 0.00
No, 837 passed twic 0.002 0.08
To~l deme~lisatien 00 93

of acetone in the case o f i ron . To confirm the results,
a new factor ia l experiment was planned, with dupli-
cate treatment at room temp, as operating temp did
not a p p e a r to be critical. Results (Table VI) con-
firm t h a t the combination, acetone-Amberlite, is the
most efficacious. In the statistical analysis o f the da t a
of this factor ia l design (Table V I ) the mean square
corresponding to tile duplicate was used as error.

Althougtl the results obtained show the treatment
acetone-Amberlite as favorable, authors realized that
'n-hexane offers considerable advantages. Commer-
cially the oil is extracted with n-hexane and the resin
amy stay in contact with the solvent indefinitely.
Therefore, the hexane-Amberlite treatment was stu-
died in detail . T h e effects of eluting n&exane solu-
t ions twice through column A (15 cm resin), once
throngh column B (30 cm resin), and t w i c e through
column B were studied. T h e oil used was B-2. See
Table VII.

Using a second n-hexane-Amberlite treatnient in
column A, demetalization is obtained similar to that
with a single acetone-Amberlite treatment. Effective
denietaEzation is also obtained with a single treatment
in column B. Hcxane-Amberlite was therefore adopted
for further studies. Two columns of type D were
mounted in series ( F i g . 2) to demetalize 400 g oil.
When this was used with oil No. 837, satisfactory
demetalization resulted with respect to manganese,
copper, and zinc; but iron was not effectively retained.
(Table V I I I ) . These tests were repeated with similar
results , which indicates a different behaviour of this
oil as compared to soybean oil B-2, as far as the
capacity of interchange of iron is concerned. Possibly
the iron in the oil was in a form not retainable by the
resin. We have insufficient data to offer a satisfactory
explanation.
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