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Enrichment of 7-Linolenic Acid from Evening Primrose Oil 
and Borage Oil via Lipase-Catalyzed Hydrolysis 
M.S.K. Syed Rahmatullah a,1, V.K.S. Shukla b and K.D. Mukherjee a,* 
aFederal Centre for Cereal, Potato and Lipid Research, Institute for Biochemistry and Technology of Lipids, H.P. Kaufmann-lnstitute, 
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Lipase~catalyzed selective partial hydrolysis of evening 
primrose (Oenothera biennis L.) seed oil and borage (Borago 
officinalis L.) seed oil led to an increase in the level of 7" 
linolenic acid (GLA; 18:3n-6) in the unhydrolyzed acylgly- 
cerols. Thus, in evening primrose oil, the GLA level could 
be raised from 9.4% in the starting material to 46.5% i .  
the unhydrolyzed acylglycerols by means of a lipase from 
Candida cylindracea. Selective hydrolysis of borage oil 
with Pancreatin led to an increase in the GLA content from 
20.4% in the oil to 33.5% in the unhydrolyzed acylglycerols. 
Partial hydrolysis of borage oil with lipase from C. cylin- 
dracea raised the GLA content of the acylglycerols to 
47.8%. 

KEY WORDS: Borage oil, evening primrose oil, ~linolenic acid, lipase- 
catalyzed hydrolysis. 

Current interest in the production of 7-1inolenic acid (GLA; 
all-cis 6,9,12-octadecatrienoic acid) has resulted from its ap- 
plications in the treatment of a wide range of clinical dis- 
orders (1). The occurrenc~ physical and chemical properties 
of GLA have been recently reviewed (2). 

The most important and commercially available sources 
of GLA are seed oils of evening primrose (Oenothera bien- 
nis L.) (3), borage (Borago officinalis L.) (1,9) and fungal oils, 
eg., from Mucor spp. (10) and Mortierella spp. (11,12). 
Methods used for the isolation of GLA from natural sources 
include urea adduct formation (13), separation on Y-zeolite 
(14), solvent winterization (15) and lipase-catalyzed reaction~ 
such as selective hydrolysis of GLA-containing triacylgly- 
cerols (16,17) and selective esterification of GLA-containing 
fatty acid mixtures, derived from oils, with n-butanol (16-18). 

In a separate study (19), we have reported a systematic 
investigation on the enrichment of GLA-containing fatty 
acids of borage oil and evening primrose oil via lipase- 
catalyzed selective esterification of these fatty acids with 
n-butanol, leading to enrichment of GLA in the unesterified 
fatty acids. 

In this paper, we report an alternative approach for the 
enrichment of GLA from borage oil and evening primrose 
oil, which involves lipase-catalyzed selective hydrolysis of 
the triacylglycerols, leading to the accumulation of GLA 
moieties in the unhydrolyzed acylglycerols. 

EXPERIMENTAL PROCEDURES 

Materials. Crude borage oil and evening primrose oil were 
provided by the International Food Science Centre, 
Lystrup, Denmark. Soluble lipase preparations used were 
Pancreatin (7 U/mg; E. Merck, Darmstadt, Germany}, por- 
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cine pancreatic lipase (PPL) (50 U/mg; Sigma, Deisen- 
hofen, Germany), Candida cylindracea lipase (85 U/mg; 
Biocatalysts, Pontypridd, Wales) and C cylindracea lipase 
(850 U/mg; Sigma). Immobilized lipase (Lipozyme) from 
Rhizomucor miehei (25 batch interesterification units/g) 
was provided by Novo Industrie (Mainz, Germany). All 
reagents and adsorbents were of analytical grade and were 
purchased from Merck. 

Lipase-catalyzed hydrolysis of the oils. The reactions in 
the mg-scale were carried out in 10-mL glass tubes sealed 
with Teflon-lined caps. Glass-stoppered 50-mL Erlen- 
meyer flasks were used for 10-g scale. The reactions were 
carried out for various periods at different temperatures. 

In mg-scale experiments, the reaction mixture contained 
borage oil or evening primrose oil (100 mg) and 10 mg 
lipase powder in 2 mL water or a buffer of a definite 
molarity and pH, as specified in the tables, together with 
known concentrations of CaC12 and an emulsifier, such as 
sodium cholate. Air in the tube was replaced by nitrogen, 
and the mixture was stirred magnetically. Aliquots of 
reaction products were withdrawn at definite intervals, 
and the lipids were recovered by repeated extractions with 
diethyl ether. 

In preparative-scale experiments, typically, a mixture 
of evening primrose oil (10 g) and potassium phosphate 
buffer (pH 7.0, 0.08 M, 20 mL) containing C. cylindracea 
lipase preparation (0.1 g, 85,000 units; Sigma} was stir- 
red in a 50-mL Erlenmeyer flask at 20~ for 2 h, and then 
the reaction mixture was extracted three times with 10 
mL diethyl ether. The three extracts were combined and 
washed with water (2 • 5 mL) containing 20% methanol 
(vol/vol), and finally the organic solvent was evaporated 
in a nitrogen stream. To separate unesterified fatty acids 
from acylglycerols, the products of lipolysis were dissolved 
in 10 mL hexane and extracted with 40 mL NaOH (1N 
in 50% aqueous ethanol}. The hexane phase and aqueous 
extracts were separated. The aqueous mixture was ex- 
tracted two times with 10 mL hexane, and then the hex- 
ane extracts were combined and acidified with 10 mL 6N 
HC1, and the fatty acids were extracted with diethyl ether 
(3 • 20 mL). The ether extract was washed with water 
(2 • 10 mL), and the solvents were removed to yield 7 g 
of fatty acids. Similarly, evaporation of hexane extract 
containing acylglycerols gave 2 g crude acylglycerol 
concentrate 

Analytical procedures. The total reaction products, 
resulting from lipase-catalyzed hydrolysis of borage oil 
and evening primrose oil, as well as the fractions of fat ty 
acids and acylglycerols recovered from the reaction prod- 
ucts in preparative-scale experiments, were fractionated 
into fatty acids and acylglycerols (tri- + di- + monoacyl- 
glycerols) by thin-layer chromatography (TLC) on Silica 
Gel H (E. Merck) with hexane/diethyl ether/acetic acid 
(70:30:1, vol/vol/vol) as the  developing solvent. The frac- 
tions were scraped off from the adsorbent layer and eluted 
with water-saturated diethyl ether. Known amounts of 
methyl heptadecanoate, the internal standard, were add- 
ed to each set of fractions of acylglycerols and fatty acids. 
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Both  acylglycerols and fa t ty  acids were then converted 
to methyl esters by adding 50 ~L tr imethyl  sulfonium 
hydroxide and 200 ~L 1,2-dichloroethane (20). The mix- 
ture was shaken vigorously for 1 min and kept  at  room 
temperature for 15 min prior to direct injection onto the 
gas chromatograph. 

Each of the fractions of methyl  esters, containing 
methyl heptadecanoate as internal standard, was analyzed 
by gas chromatography as described previously (17). 

RESULTS AND DISCUSSION 

Several lipases have been shown to discriminate against 
specific fa t ty  acids or acyl moieties, such as GLA or 7" 
l inolenoyl moiet ies  in l ipase-ca ta lyzed hydrolysis  
(16,17,21), esterification (16-18,21,22) and transesterifica- 
tion (23) reactions. Specifically, the relative inability of 
lipases to catalyze the hydrolysis of y-linolenoyl moieties 
of triacylglycerols, as compared to other fa t ty  acyl moi- 
eties, has been used for the enrichment of this acid from 
fa t ty  acids of GLA-containing oils via kinetic resolution 
during lipase-catalyzed partial  hydrolysis; y-linolenoyl 
moieties are enriched in the unhydrolyzed acylglycerols, 
whereas the other fa t ty  acyl moieties are preferentially 
cleaved (16,21). In view of these findings, a systematic 
s tudy  was undertaken to determine the effect of various 
reaction parameters on the enrichment of GLA via lipase- 
catalyzed partial  hydrolysis of triacylglycerols of borage 
o i l  and evening primrose oil. 

Partial hydrolysis of evening primrose oil was carried 
out  with Pancreatin as the lipase preparation in the pre- 
sence of water and CaC12 at 40~ for various periods, 
without buffers and emulsifiers. The results (Table 1) show, 
in the course of hydrolysis, a minor increase in the level 
of GLA in the unhydrolyzed acylglycerols, with a concomi- 
tan t  decrease in the GLA content  of the fa t ty  acids 
liberated. After 48 h of reaction, which resulted in 50% 
hydrolysis, about 1.4-fold enrichment of GLA in the 
unhydrolyzed acylglycerols was observed. 

In the next  set of experiments,  hydrolysis of evening 
primrose oil with P P L  and Pancreatin was carried out  at 
40 o C, according to (24), in the presence of Tris-buffer (pH 
8.0, 0.08 M), CaC12 (22% wt/vol) and sodium cholate 

(0.1% wt/vol). The results given in Table 2 show tha t  with 
both  lipase preparations, the hydrolysis was much faster 
under these conditions as compared to those used in Table 
1. After  1 h of reaction in the presence of Pancreatin, as 
much as 58% hydrolysis occurred, which resulted in an 
increase in the GLA content in the unhydrolyzed acylgly- 
cerols to 16.8%, as compared to 9.4% in the start ing oil; 
concomitantly, the level of GLA in the liberated fa t ty  
acids dropped to 4.6% (Table 2). After  15 rain reaction in 
the presence of PPL, the extent  of hydrolysis was 45%, 
and the level of GLA in the unhydrolyzed acylglycerols 
was increased to 14.4% (1.5-fold enrichment), whereas the 
GLA content of the liberated fa t ty  acids dropped to 2.4% 
(Table 2). 

Partial  hydrolysis of borage oil with Pancreatin under 
the reaction conditions specified by Luddy et al. (24) 
yielded the results given in Table 3. The extent  of 
hydrolysis increased with time, reaching 51% hydrolysis 
after  2 h reaction. Simultaneously, the level of GLA in 
unhydrolyzed acylglycerols increased up to 33.5% after 
2 h reaction, compared to 21.8% GLA in the s tar t ing oil; 
concomitantly, the level of GLA in the liberated fa t ty  
acids dropped to 8.7%. 

In another  set of experiments, hydrolysis of evening 
primrose oil was carried out with Lipozyme (an immobi- 
lized lipase preparation from R. miehei) and a small 
amount  of water (20 ~L) at 40~ without  the addition of 
emulsifier, CaC12 and buffer. The results (Table 4) show 
tha t  despite substantial  hydrolysis (26%} after 4 h reac- 
tion, the extent of enrichment of GLA in the acylglycerols 
was rather  low (1.3-fold). Increasing the reaction time to 
16 h increased the extent  of hydrolysis to 44%. However, 
the enrichment of GLA in the acylglycerols was minimal 
(1.1-fold). 

Partial  hydrolysis of evening primrose oil was also car- 
ried out  with a lipase preparation from C cylindracea 
(Biocatalysts) in potassium phosphate buffer (pH 7.0, 0.08 
M) without  the addition of CaC12 and sodium cholate, at 
20~ for various periods. The results (Table 5) show tha t  
of all lipases tested so far, the lipase preparation from C. 
cylindracea is the most  effective in the partial  hydrolysis 
of evening primrose oil for the enrichment of GLA in the 
unhydrolyzed acylglycerols. Thus, only after 2-3 h reac- 
tion, leading to about  90% hydrolysis of the oil, the level 

T A B L E 1  

Enrichment of GLA in Acylglycerols  via Partial Hydrolys is  of Evening Primrose Oil 
Catalyzed by Pancreatin in the Presence of Water at 40~ a 

Amount 
in total 

Time products Fatty acid composition b (%) Enrichment 
(h} Component (wt%} 16:0 18:0  18:1 18:2  y-18:3 of GLA 
0 Acylglycerols =100 7.4 2.1 9.0 71.2 9.4 1.0 
2 Fatty acids 15 12.0 3.2 9.9 70.8 4.2 
2 Acylglycerols 85 6.4 1.5 9.5 72.3 10.3 1.1 

24 Fatty acids 36 9.5 2.2 9.0 73.9 5.5 
24 Acylglycerols 64 5.2 1.3 9.5 72.6 11.4 1.2 
48 Fatty acids 50 9.5 1.6 11 .3  71.1 6.5 
48 Acylglycerols 50 6.9 1.1 9.5 69.7 12.8 1.4 
aReactions were carried out in mg-scale as described in the Experimental Procedures sec- 
tion. GLA, y-linolenic acid. 
bFatty acids/acyl moieties are designated by number of C atoms/number of c/s-double 
bonds. 
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T A B L E 2  

Enrichment of GLA in Acylglycerols via Partial Hydrolysis of Evening Primrose Oil 
Catalyzed by Pancreatic Lipases at 40~ in the Presence of CaCI 2 (22% wt/vol}, Tris 
Buffer (pH 8.0, 0.08 M) and Sodium Cholate (0.1% wt/vol) a 
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Amount  
in total 

Time products Fa t ty  acid composition b (%) Enrichment 
(h) Component (wt%) 16:0 18:0 18:1 18:2 y-18:3 of GLA 

0 Acylglycerols =100 7.4 2.1 9.0 71.2 9.4 1.0 

Pancreatin 
15 Fa t ty  acids 47 11.5 2.0 9.3 74.0 3.2 
15 Acylglycerols 53 5.2 1.0 9.5 69.8 14.5 1.5 
60 Fa t ty  acids 58 10.6 2.1 9.3 73.4 4.6 
60 Acylglycerols 42 7.3 0.6 8.7 66.6 16.8 1.8 

Porcine pancreatic lipase 
15 Fa t ty  acids 45 10.6 2.2 9.2 75.6 2.4 
15 Acylglycerols 55 5.4 1.3 9.1 69.8 14.4 1.5 

aAs in Table 1. 
bAs in Table 1. 

T A B L E 3  

Enrichment of GLA in Acylglycerols via Partial Hydrolysis of Borage Oil Catalyzed by 
Pancreatin at 40~ in the Presence of CaCI 2 (22% wt/vol), Tris Buffer (pH 8.0, 0.08 M) 
and Sodium Cholate {0.1% wt/vol} a 

Amount  
in total 

Time products Fa t ty  acid composition b (%) Enrichment 
(h) Component (wt%) 16:0 18:0 18:1 18:2 y-18:3 20:1-24:1 of GLA 

0 Acylglycerols =100 11.9 4.7 19.1 38.2 20.4 5.7 1.0 
1 Fa t ty  acids 9 16.9 6.2 26.5 40.2 4.2 6.0 
1 Acylglycerols 91 14.1 3.8 18.7 36.0 21.8 4.0 1.1 

15 Fa t ty  acids 15 17.6 5.6 26.5 37.2 6.3 6.8 
15 Acylglycerols 85 13.7 3.6 18.4 35.9 23.0 5.4 1.2 
30 Fa t ty  acids 22 18.2 6.0 24.7 37.6 6.2 7.3 
30 Acylglycerols 78 12.9 3.5 18.2 35.8 24.7 4.9 1.2 
60 Fat ty  acids 38 18.7 5.8 23.5 36.6 7.3 8.1 
60 Acylglycerols 62 10.1 2.7 17.3 36.4 29.5 4.0 1.5 

120 Fa t ty  acids 51 19.3 6.0 22.8 35.9 8.7 7.3 
120 Acylglycerols 49 10.7 2.0 17.0 33.5 33.5 3.3 1.6 

aAs in Table 1. 
bAs in Table 1. 

T A B L E 4  

Enrichment of GLA in Acylglycerols via Partial Hydrolysis of Evening Primrose Oil 
Catalyzed by Immobilized Lipase from Rhizomucor miehei {Lipozyme) in the Presence 
of Water at 40~ a 

Amount  
in total 

Time products Fa t ty  acid composition b (%) Enrichment 
(h) Component (wt%) 16:0 18:0 18:1 18:2 y-18:3 of GLA 

0 Acylglycerols =100 7.4 2.1 9.0 71.2 9.4 1.0 
2 Fa t ty  acids 13 11.9 2.8 10.0 71.4 3.9 
2 Acylglycerols 87 5.9 1.5 9.2 73.1 10.3 1.1 
4 Fa t ty  acids 26 11.6 2.4 9.0 73.6 3.4 
4 Acylglycerols 74 5.3 1.2 9.0 72.4 12.1 1.3 

16 Fa t ty  acids 44 7.5 1.3 7.7 77.0 6.4 
16 Acylglycerols 56 8.3 1.6 9.1 70.7 10.3 1.1 

aReactions were carried out in mg-scale as described in the Experimental Procedures sec- 
tion with the addition of 20 ~L water. 
bAs in Table 1. 
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TABLE 5 

Enrichment of GLA in Acylglycerols via Partial Hydrolysis of Evening Primrose Oil 
Catalyzed by Candida cylindracea Lipase at 20~ in Potassium Phosphate Buffer 
(pH 7.0, 0.08 M) a 

Amount 
in total 

Time products Fatty acid c~176 "-" (%) Enrichment 
(h) Component (wt%) 16:0 1 8 : 0  1 8 : 1  18:2 y-18:3 of GLA 

0 Acylglycerols =100 7.4 2.1 9.0 71.2 9.4 1.0 
0.5 Fatty acids 76 7.0 0.8 9.3 81.4 1.6 
0.5 Acylglycerols 24 9.3 1.2 1 0 . 7  45.3 33.5 3.6 
1 Fatty acids 86 6.9 1.4 9.4 79.0 3.3 
1 Acylglycerols 14 7.8 1.4 6.4 41.6 42.8 4.6 
2 Fatty acids 89 6.9 1.4 9.3 75.0 5.3 
2 Acylglycerols 11 6.3 1.0 5.9 40.3 46.5 4.9 
3 Fatty acids 90 8.2 1.2 9.5 73.7 7.4 
3 Acylglycerols 10 7.0 1.2 5.3 41.3 45.2 4.8 
4 Fatty acids 93 7.7 1.2 8.7 72.1 10.3 
4 Acylglycerols 7 6.6 6.3 1 1 . 0  44.3 43.0 4.6 
6 Fatty acids 94 8.5 1.2 9.2 72.5 10.3 
6 Acylglycerols 6 4.9 0.0 6.7 50.8 37.6 4.0 

16 Fatty acids 97 8.2 1.0 9.0 68.0 13.8 
16 Acylglycerols 3 12.2 2.3 7.9 61.5 16.1 1.7 

aAs in Table 1. 
bAs in Table 1. 

TABLE 6 

Preparative-Scale Enrichment of GLA in Acylglycerols via Partial Hydrolysis of Borage 
Oil Catalyzed by Candida cylindracea Lipase at 20~ in Potassium Phosphate Buffer 
(pH 7.0, 0.08 M) a 

Amount 
in total 

Time products Fatty acid c~176176 -'-" (%) Enrichment 
{min) Component {wt%)  16:0  18:0 18:1 18:2 y-18:3 20:1-24:1 of GLA 

0 Acylglycerols =100 11.9 4.7 19.1 38.2 20.4 5.7 1.0 
30 Fatty acids 22 12.7 2.7 24.5 51.7 7.4 2.0 
30 Acylglycerols 78 11.7 3.1 19.0 27.6 33.0 5.5 1.5 

120 Fatty acids 40 16.1 5.3 25.6 46.4 2.0 4.6 
120 Acylglycerols 60 11.1 5.8 16.5 24.5 33.8 8.3 1.7 
240 Fatty acids 65 14.8 4.9 23.7 46.9 4.8 4.9 
240 Acylglycerols 35 8.4 5.6 12.7 20.9 43.3 9.0 2.1 
300 Fatty acids 71 14.9 5.1 23.7 45.0 6.5 4.8 
300 Acylglycerols 29 7.6 4.0 12.0 21.8 47.8 6.7 2.3 
300 c Fatty acids (84) 13.6 5.1 21.8 40.1 14.3 5.2 
300 c Acylglycerols (16) 6.0 3.7 11.9 24.5 45.6 8.3 2.2 

aReactions were carried out in preparative~scale as described in Experimental Procedures 
section. 
bAs in Table 1. 
CThe reaction product from the foregoing experiment was worked up, as described in the 
Experimental Procedures section, to yield 6.4 g fatty acids and 1.2 g acylglycerols, which 
correspond to the weight distribution in the products {given in parentheses}. 

of G L A  in the  acylglycerols  is increased  to as m u c h  as 
45-47%, cor respond ing  to a lmos t  fivefold e n r i c h m e n t  of 
GLA. Fu r the r  increase in react ion t ime leads to a decrease 
in  the  e x t e n t  of e n r i c h m e n t  of G L A  {Table 5). P ro long ing  
the  reac t ion  t ime  to 72 h led to complete  hydrolysis  (99%} 
of the  oil; all f a t t y  acids, i nc lud ing  GLA,  were found in  
the  f a t t y  acid fraction.  I t  m i g h t  be no ted  in  th i s  con tex t  
t h a t  select ive hydrolysis  of fish oils, ca ta lyzed  by  l ipase 
from C cylindracea, has also been employed for the  enrich- 
m e n t  of n-3 p o l y u n s a t u r a t e d  f a t ty  acids in  the  unhydro-  
lyzed acylglycerols  {25,26}. 

In  view of the  impress ive  ab i l i ty  of the  l ipase from C. 
cylindracea {Sigma) to enr ich  G L A  in the  acylglycerols  

via kinet ic  reso lu t ion  d u r i n g  hydrolysis,  a preparat ive-  
scale exper iment  wi th  another  commercial  lipase prepara- 
t ion  from C. cylindracea was car r ied  out  to enr ich G L A  
from borage oil. The details  are out l ined  in the experimen- 
ta l  procedures.  The  results,  g iven in  Table 6, show t h a t  
a 30-min reac t ion  yields  78% of the  p roduc t s  as acylgly- 
cerols c o n t a i n i n g  33% GLA. Progressively increas ing  the 
reac t ion  t ime  increases  the  degree of hydrolysis  and  the 
level of G L A  in the  unhydro lyzed  acylglycerols. Increas-  
ing  the reac t ion  t ime  to 5 h yie lds  29% of the  p roduc t  
as acylglycerols  c o n t a i n i n g  approx ima te ly  48% GLA. 
Work ing  up  the  reac t ion  p roduc t s  via alkal ine ex t rac t ion  
of the  f a t t y  acids, as descr ibed in  the  E x p e r i m e n t a l  
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Procedures  section, yields  1.2 g acylglycerols  c o n t a i n i n g  
abou t  46% G L A  (Table 6). TLC revealed t h a t  the  acylgly- 
cerol f ract ion was a lmos t  exclusively composed of triacyl- 
glycerols. 

These s tudies  clearly demons t ra t e  the  supremacy of the  
l ipase  from C. cylindracea in  the  e n r i c h m e n t  of G L A  by  
select ive hydrolysis.  
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