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UNSATURATED FATTY ACIDS ESTERS BY 

CENTRIFUGAL PARTITION 
CHROMATOGRAPHY (CPC) 
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Nobuyuki Nakayal, Yoshiaki Nunogakil , 

Kan'ichi Nunogaki l ,  Jack Cazes2, 
and Hiroshi Nunogakiz 
1Sanki Engineering Limited 

2-1 6-1 0 Imazato, Nagaokakyo 
K y o t o  61 7, Japan 

2San ki Laboratories, Inc. 
106 Folcro f t  E. Business Park 
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AEiEiim 

A nwel method for separation of fatty acid ethyl esters by Centrifugal 
Partition Chmnatog-nyhy is reported i n  this paper. mta are f i r s t  
presented for laboratory-scde separations of fatty acid esters derived 
fmm cereal oil ,  primarily oleic, linoleic and lino1enic acids, and f m  
fish oil, amtaining, primarily, icosapentenoic and ""p"t""ic 
acids. 
unsaturated fatty acids wh ich  are generally susceptible t o  oxidation on 
catalytic surfaces are readily plrified by cpc. 
industridl aplications is diszussed. 

l'he methcd dces not enploy column packing resms: 1ong-dmi.n 

Scdle-up design for 

Lcing chain unsaturated fatty acids and their esters have been cited 

recerrtly(1) as therapwtic agents for prevention of adult diseases - 
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28 4 MURUYAMA ET AL. 

cerebral apoplexy, arteriosclerosis etc. production of these ccanpounds in  

a highly plrified state, for use as food additives and @anmceuticdls, is 

one of the critical biotechnology p-lens in the fats and oils  industry. 

conventional separation methcds, such as distillation under corditions of 

high vacuum and ten@erature, and w lm liquid dmmatography are not yet 

suitable in  terms of both the technological and eccmanicdL aspects. 

We have devel- a mel separation method, utilizing centrifugal 

m i t i o n  chra~tography (CFC) ('1,  am^ have applied the technique to the 

separation of fatty acid esters, particularly t o  the long-chain 

unsaturated fatty acid esters which are susceptible to rapid oxidation 

during preparative-sale separation processes. (3) 

The CFC methcd does not euploy column pa- resins. Instead, t w e  

@lase solvent lnhtums are used as separation media; OM phase serves as 

the stationary @mse and the ather as the mobile phase. 

phase is contained in the partition channels of a series of partition 

cartridges contained in the rotor of a flow-- centrifuge; the mobile 

phase passes tlxough the stationary phase forming tiny droplets. 

stationary @xse is retained i n  the cartri*es, even at high mobile phase 

f l m  rates, by virtue of the centrifugal force that is develaped by the 

centrifuge rator. 

me stationary 

?he 

A change of flm diredim makes upper or lower phase 

available as stationary phase; these correspond to %onnal ascadxq . II and 

"rarersed desxdmg 11 dmxnatagza@~~, respectively. 

We have applied the cpc method to the p i f i e a t i o n  of unsaturated 

fatty acid esters (oleic, lh le ic ,  lhlenic, arachidonic, imsapentenoic 

an3 docosahexenoic acids) fran fish, cezeal and microbial sarces. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
4
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



UNSATURATED FATTY ACID ESTERS 285 

& c m ~ q  was checked gravimtrically and the purity of each fraction was 

assayed by gas - w Y .  

Since the CPC metlaod is based on two-- liquid-liquid partition 

chranalxqkxqhy, in the cgaplete absence of a solid stationary phase 

sagport, and the separation is rapid, it is ideally suited for separation 

of labile anpards w h i c h  wuld onharily be deccmposed or lost upon 

paasage thruqh and in contact with col.lventional colunm packing 

(5). ~Oremer, quantitative recarery of the cc~npaunds is 

readily realized with excellent cost performance. Scale-up design for 

irrxlstridl applications is shown and feasibility studies are discussed. 

Ekhyl esters of oleic, linoleic, linoldc acid were prepared by 

direct ethan01yd.s of cereal oils. Icosapentenoic ( P A )  and 

docosahexenoic (CHA) acid esters from fish oils were obtained fmn 

Gasubm Kosyo, M., Japan. 

starting materials subjecterl to separation are shown in Table 1. 

Cqpsitiom of the fatty acid ester in the 

mitv Assav and Identification 

F’atty acid ethyl esters were idmtifid and assayed by gas 

duamatography (- OC-gA, equigpd with data prncesirq unit C-FGA, 

and FTD detector). A packed colm, containing &lmme-tS coated 

cbmmso& W (5%), 3.1 mu x 2.1 m, was used. 
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286 MURUYAMA ET AL. 

Ccqxsition of Starting mterials of the Fatty Acid 

Ethyl subject& to separation. 

Material Ethvl Esters Ccmaxsition (*I 

Cereal O i l  O l e i c  18.2% 

Linoleic 14.8% 

Linolenic 59.3% 

others 7.7% 

Fish O i l  1-ic 

Docasal.lexenoic 

others 

57.5% 

10.7% 

31.8% 

(*) Calculated fmn gas c h r m a t o g r a ~ c  peak areas. 

centrifuaal Partitian C3rma-y 

Laboratory &e separations were perfonre3 w i t h  a Centrifugal 

w (sanki Engineering Limited, 

A flm sheet of the system is given in 

Partition ChrcPMtograFh, CPC 

N a g a o m ,  Icyato, Japan). 

Fig. 1. 

o w  cartridge contains 400 m i n o  cells with a totdl net volume of 

21.3 d. 

the centrifuge. Thus, in the present wrk, 4800 partition micro-cells, 

with totdl net VO~UIW? 256 m l ,  were  llsed for the laboratory-scale 

separations. 

Partition mkm-a2lls are cxmtained in rectangular cartrimes; 

M v e  cartridqes wwx connected in series around the rotor of 
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UNSATURATED FATTY ACID ESTERS 287 

U 
ws 
uu 
w LP --7!7 
1: flw sheet, Centrifusal partition Chrmatqm@i 

(SC'LM, - 
w: wash solvent UP: Fhase solvent 

LP: Lcwer phase solvent P: Constant F l w  Pump 

Vl: 6-Way Valve (Sanple Injector) 

V2: 4-Way Valve (Elution PWe) 

R: mtor 

T: ConneCtingTUxs 

J: R&ary Seal Joint Rc: Fteo3* 

C: pdlrtition Micro Cells Mo: Flaw Cell Monitor 

FC: Fraction Col lec tor  
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288 MURUYAMA ET AL. 

A pilot plant system, cpc Model I@-007 (sanki Ensineering Limited, 

NagaoJcaJcyo, m, Japan) was used for scaleup tests, based on the data 

obtained w i t h  the laboratory unit. 

main centrifugal unit ,  300 mn (diameter) x 200 m (height) x 2, contains 

1,200 partition cells; total net volum is 6,800 ml.  

of crude materials have been processed, w i t h i n  a few hcurs, with this 

‘Ihe stacked-disk type rator of the 

As much as 500 grans 

pilot plant system. 

Eluates frun the cpc system were mllected in fractions of equd 

volume, and the fatty acid esters in each fraction were identified by gas 

chmmatography. 

plottirq the peak heights of the fatty acid esters for the fractions, 

detenhd by gas chtunatography, versus their elution volumes. 

ChraMtOgranrs for the cpc :sepntion were  obtained by 

solvents 

partition solvent systens used for separation of the fatty 

acid esters were prepwe3 by the ccanbination of hydmcarbns (n-hexane or 

n-heptane) and water-miscible solvents (acetonitrile, methyl or ethyl 

alcchol) either w i t h  or w i t h c u t  water. A l l  the solvents used were a high 

Purity reagent m. 

h the cpc method, elution mode may be switched f m  the n o d  

a s c e n a i n g l n o d e t o t h e r e v e r s e d ~  ’ nude (and vice versa) during 

uperation, w i t h i n  a swle run, to aaxmw3ate a broad range of -1e 

ampment polarities -or hydrcpambicities. 
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UNSATURATED FATTY ACID ESTERS 289 

When the upper layer (the less polar phase) is used as mabile phase 

and the 1- layer (the more polar phase) is used as the stationary phase 

(durirq the first elution), the elution rde is glrnrmal ascmbng ' andthe 

V l e  carpanents are eluted in order of their hydzqhcbicities. The more 

polar unpommk -in, prkily, in the 1- stationary @mse, but 

they are gmdually develcped and separate fran each other durirq the first 

nonnal m elution. 
may then be inaividually recarered by charging the solvent f law direction 

and the elution ncde fm the no& a s a n h r q  a tothereverseddesoenjing 

(durw the semrd elution). 

Fig. 2. 

'Ihe -inirq ocanponents in the statioq 

o p e m t i d  mdes are illustrated in 

selection of the elution mde for the first & SeOMd stage elutions 

depeds on the nature of the required separation and the sale of 

separation to be performed. 

Partition coefficients for the mnpcrunds distrhted between the 

selected two @mse+alvent systenrs can be easily calculated fran the cpc 

retention 

different two-phase solvent system (n-hewne/acetonitrile, 

~ / m t h y l  alc&ol/wa* and n-hexane/ethyl alcchol/water) are Shawn 

in Fig. 3 - 5. 
those of the other esters were taken into acccwlt when selecting the 

'Ihe values for fatty acid ethyl esters h three 

The partition coefficients of the desired ccmpaunds and 

solvent systems and elution mcdes for separation of fatty acid 

eulyl esters. 
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c 

(First Elution) 

(Second Elu t ion )  * 

n m  2:  Illustration of elution xdks in centrifugal Partition 

- w Y  CaC'lM, - 
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UNSATURATED FATTY ACID ESTERS 29 1 

1.4 

1 .2  

1 .o 

0.8 

- 
3 0.6 
a 
u 
s 
-4 
0 

LI 
a 

-z 0.4 

v 

s” 0.2 

0.0 

-c.2 

0 a:o 

0 2o:o 

Q 18:O 

0 16:O 

0 18:l 0 14:O 

0 12:o 

0 1o:o 

0 2 0 : 4  

18:2 0 
0 0 22:6 

20: 5 

18:3 0 
0 6:O 

I t I I I I I I I 

6 a 10 12 14 16 18 20 22 

Carbon Number 

FI- 3: 

n-Hewne/Acetolll ‘trile (1 / 1) two-- solvent system. 

partition cnefficients of fatty acid ethyl esters in 
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2 . 2  

2.0 

8 1.4 
J 

1 . 2  

0 18:O 

0 18:l 

22:6 
0 

0 18:2 
0 20:5 

0 18:3 

18 20 22 

Carbon Number 

F'I- 4: 

n-Hexam/Methyl Alcohol/water (1 / 0.9 / 0.1) two-@m.se solvent system. 

Partition coefficients of fatty acid ethyl esters in 

Ihe two-phase solvent systemf n-hexane/aceton.itrile (1:1), is well 

suited for the separation of the cl8 series of fatty acid esters because 

the partition coefficients of c18:0, C18:1f C18c2 and c18:3 esters 

are d i s t r i h t d  over a wide range in this tm+as.e system. 

ethyl esters fran cereal oil sources w i x e  subjected to separation on a 

labratory scdle (Fig. 6). 

Fatty acid 

r;inolenic (C18:3) and linoleic (c18:2) 

acid esters were sepazated during the first (nomal ascadmg * ) elutionand 
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UNSATURATED FATTY AClD ESTERS 293 

4 4  
w 
a, 
0 u 

0.2 

-0.2 
s” 

0 1 8 : O  

0 1 8 :  1 
16:OO 0 18:2 

0 12:0 

I I I I 
12 14 16 18 

Carbon Number 

0 1 4 : O  0 1 8 : 3  

Carbon Number 

FTm 5: 

n-He.xam/E%hyl Aledml/Water (1 / 0.9 / 0.1) two-- solvent system. 

partition coefficients of fatty acid ethyl esters in 

oleic (C18:1) acid ethyl ester was recarered by switching the elution 

rmde; haever, this fraction partly overlaps with the palmitic acid ester. 

In a scaled-up separation of the same material, with the cpc MF-007 

system all the cmpunds were  fractionat& thruugh the second reversed 

nude e l d o n  after the first normal @mze elution. A flow 

sheet of the spra t ion  prooess, 

fatty acid ester, are shrwn in Fig. 7. 

with purity an3 yield of each 

For the separation of icosapentenoic (%o:5, n>A) an3 W i c  

(%2:6, CHA) acid esters fmm fish oils, the n-hexane/ac&mnitrile two- 
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Fatty Acid Ethyl Ester (1 g) 
(C 1 8 : l .  C 18:2, C l 8 : 3 )  

I 
Centrifugal Par t i t ion  Chromatography 

Tuo Phase : n-Hexane/Acetonitrile 

Rotation : 800 rpm 
Flow Speed : 2 . 0  rl/min 

( 1  / 1) 

? 

.3 

a, 3: 

Y 

1 I r' 

I I 
F i r s t  Elution ( A ) ,  1250 m1 Second Elution (B), 250  11  
(Reversed Descending) (Normal Ascending) 

C 18:O & Others 

I 

Elution Volume (mL) 

FIGURE 6: 

acid ethyl esters by Centrifugal Partition ChraMtagraPhy. 

Labomtoryde separation of linolenic, linoleic a d  oleic 
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UNSATURATED FATTY ACID ESTERS 295 

Fatty Acid Ethyl Ester (300 
(C 18:1, C 18:Z. C 18:3) 

I 
Centrifugal Partition ChroiatDgrapby 

Two Phase : n-Hexane/Acetonitrile 

Rotation : 700 rpm 
Flow Speed : 100 rl/iin 

(1 1 1) 

I I 
First Elution (A ) .  18 1 Second Elution (8). 7 1 
(Reversed Descending) (Normal Ascending) 

I 
C 18:O it Others C l6:O C 18:l C 18:2 C 18:3 

(Yield) - - 73.3 g 40.9 g 148.1 g 
(Purity) - - 68.4 X 98.3 X 99.8 X 

F I ~  7: S a n i - p i l u t d e  separation of linolenic, linoleic ruyl oleic 

acid ethyl by cerrtrifugal Partiticol C3xcura-y. 
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296 MURUYAMA ET AL 

solvent system is not adequate because the partition coefficients 

betwen these two @wes for EPA and EHA estexs are quite similar. 

n-harane/methaml/wate.r (1 / 0.9 /O.l) twc-@ms.e solvent is used, these 

ampmrk to distribute preferentially in the upper @mse, but their 

partition coefficients differ f m  each other to  extent. separation 

of EPA and EHA ethyl esters w a s  achieved during the secord normil 

a s e r d h g  mde elution, following devdopwlt of the ccmpaund, within the 

partition channels, duritxj the f i rs t ,  reversed desce&mg ' nrodeelution 

(Fig. 8 ) .  

When 

the c p t b  two #mse solvent system ard elution mode were  

aacpted, the Bc methcd proved to be practical for the preparative 

separation of long-chain unsaturated fatty acids with high purity and 

excellent yield. 

Scaleup design of the system was examined for industrial applications 

of the CK! method. 

ccrrp?osed of circular disk-type ( U d  of the cartridge type) partition 

cells and the rotor is constructed by stacking sevezal of the partition 

cell disks (Fig. 9) .  pmductivities of these industr ial  Bc system were 

estimatxd f m  experimental data cbtained with the MF-007 system. 

values axe given i n  Table 2 .  

plant is Shawn i n  Fig. 10. 

centrifugal axponent of the industrial system is 

These 

system flow sheet for an industrial cpc 

T h e  running cost of the separation process depends, primarily, on the 

products/solvent amsumption ratio and the anwunt of the solvents that can 
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UNSATURATED FATTY ACID ESTERS 297 

Fatty Acid Ethyl Ester (1 g) 
( C  20:5.  C 22:6) 

I 
Centr i fugal  P a r t i t i o n  Chromatograpby 

Two Phase : n-Hexane/Hethyl Alcohol 

Rotation : 600 rpm 
Plow Speed : 3 . 3  ml/min 

/Water (1/ 0.9/  0 . 1 )  

First Elut ion (A), 3800 a1 Second Elut ion (B), 250 rl 
(Reversed Descending) (Normal Ascending) 

r--l 
u Fr. I1 

( Y  i e Id) 328 Rg 433 rg 
(Purity) C 2 0 : 5  21.0  X 95.8  x 

C 2 2 : 6  36.8 X 0.8  X 

% 
d 
Y 
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- Arcendlng 

- - - Descending 

F'I- 9: centrifuge Main Frame of the industrial CFC system. 

(A) Rotor oonstruction. (B) C i r c u l a r  disk-type parti t ion cells. 

TABm2 

Industrial-Scale cpc System Specifications. 

Model 

MF-003 

MF-007 

MF-025 

MF-050 

MF-100 

N e t  VO~. produdivity 

Rotor Size b n l  JLitersl (a/hrl* - Note 

300(d) X 200(h) 3.5 15 - 50 Semi-pilot 

300(d) X 200(h) X 2 6.8 30 - 100 Pilot 

600(d) X 300(h) 23.8 100 - 350 Carmnercial 

600(d) X 300(h) X 2 47.6 200 - 700 colrnnercial 

900(d) X 300(h) X 2 106.9 500 - 1500 Corrnrercial 

* A b i l i t y  for CLUde m a t e r i a l  processing in the case of fat ty  acid ester 

separation using n-hexane / acetonitrile (1 / 1) two-phase solvent 

-v=tem* 
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UNSATURATED FATTY AClD ESTERS 299 

FI(;uRE 10: CFC industr i d  system flow sheet. 

(1) 

(2) upper phase solvent tank 

(3) I h E r  phase solvent tank 

(4) sanple solution tank 

(5) Uppx phase solvent metering pump 

Mixing & separation tank for tw-@mse solvent system 

(6) 

(7) Filter 

(8) 

(9) Main frame (Flaw-thruugh centrifuge) 

(10) Fraction collector 

Luwz @ase solvent metering pntp 

Main ~unp (high pressure, cmstant flow prmp) 
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300 MURUYAMA ET AL. 

be r e c o v e r e d  and mused. 

an order of mgnitule, than when the same separation is performed by 

calunm liquid chrcanatqra#iy or m t i v e  HPLC. 

T h e  ratio is expe&ed to be larger, prchbly by 

Tb-m solvents used 

for cpc are recovered by distillation as azeotmpic mixtures and recycled 

after separating them into two phases. More than 95% recovery of each 

solvent (except water) is often readily realized. W energy cost for 

the solvent recovery is e s t h t d  to be less than a few dollars per Kg of 

the produds. costs are dramatically decraased thrxugh direct 

uli- cmltrul of the errtire process. 

Industrial aperation of the cpc system for the separation of fatty 

acid esters, particularly EPA and IEIA esters, is llcli~ in progress. 

Detailed engineering data will be reported in the near future. 
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