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Production of Medium-Chain Glycerides by Immobilized Lipase 
in a Solvent-Free System 
S.M. Kim and J.S. Rhee* 
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Enzymatic synthesis of medium,chain glycerides (MCGs) 
was studied by using capric acid {decanoic acid} and glyc- 
erol as substrates for immobilized lipase (Lipozyme TM) 
without any solvents or surfactants. Quantitative analy- 
sis of the reaction mixture was conducted by using high- 
performance liquid chromatography (HPLC), which 
enabled the exact tracing of the capric glyceride synthesis. 
Oleic acid was also used for comparison. The esterifica- 
tion activity of Lipozyme was determined at 40~ in an 
open batch reactor; the activities were 400 and 200 units/g 
for the capric glyceride and oleic glyceride synthesis, 
respectively. Maximum initial reaction rate was obtained 
at 50~ for capric and 60~ for oleic glyceride synthesis. 
The time course of the capric glyceride synthesis was com- 
pared in terms of different molar ratios, from which we 
infer that this enzyme is 1,3-specific, but not absolute, in 
this esterification reaction. The final conversion was 
greatly influenced by the methods used to remove water, 
among which the cold trap method resulted in a noticeable 
improvement. 

KEY WORDS: Esterification, immobilized lipase, Lipozyme, MCT, 
medium-chain glyceride, regiospecificity, reversed phase HPLC. 

Enzyme catalysis in organic solvents has been studied ex- 
tensively for fat hydrolysis (1,2), interesterification (3-5), 
and syntheses of esters {5-7}, peptides (8,9} and optically 
active compounds {10). Free or immobilized enzymes were 
used in two-phase {4,7,9,10}, reversed phase {2,3,5,8} and 
reversed micelle systems (1,6), where the organic sub- 
strates are dissolved in the solvent phase. However, com- 
mercial scale-ups of such new enzymatic catalyses have 
seldom been reported. One reason for this is that  toxic 
and expensive solvents and/or surfactants are being 
employed that ought to be avoided, especially if the prod- 
ucts are intended for use as foods or food ingredients. 

Recently, several workers have reported enzymatic 
catalyses in solvent-free systems in an attempt to make 
the processes commercially feasible These efforts not only 
excluded the toxicity problem of the solvents and surfac- 
tants, but also reduced many steps in the purification 
process. (11-14}. Although enzymes used in a solvent-free 
system have several advantages, the application is quite 
limited because most organic substrates have high melt- 
ing points and the enzyme is not stable at a higher 
temperature. The medium-chain glycerides (MCGs) 
studied here are mono-, di- and triglycerides of caprylic 
acid (octanoic acid} and capric acid (decanoic acid}. 
Medium-chain monoglyceride is used as a solvent for 
aromatics, steroids, dyes and perfume bases in the 
cosmetics, toiletries and pharmaceutical field. A mixture 
of medium-chain monoglyceride and diglyceride was found 
to be an effective solvent for dissolving cholesterol 
gallstones in humans. Medium-chain triglyceride (MCT) 
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has been used as a nutritional supplement for patients 
suffering from malabsorption caused by intestinal resec- 
tion or diseases, and as a component for infant feeding 
formula {15-20}. It is also used as a solvent or a carrier 
of lipophilic nutrients or drugs such as vitamin K (21) and 
phospholipid {22}, and as a base material for edible films 
or edible lubricants for foods and food processing. The 
commercial manufacturing process of such MCGs is a 
direct esterification of medium-chain fat ty acids and 
glycerol at high temperature and high pressur~ followed 
by alkali washing, steam refining, molecular distillation, 
ultrafiltration and activated carbon treatment for the 
purification of the product (23}. In order to study the 
feasibility of the enzymatic MCGs manufacturing process, 
we examined the characteristics of an MCG's synthesis 
reaction by using glycerol, capric acid and immobilized 
lipase in a solvent-free system. In this study, only capric 
acid was used for a quantitative tracing of the reaction. 

EXPERIMENTAL PROCEDURES 

Materials. A commercial product called Lipozyme TM, 
IM-20, {donated by Novo Industri A/S, Copenhagen, Den- 
mark) was used. This is a fungal lipase (EC 3.1.1.3} from 
Mucor miehei immobilized on a macroporous anion ex- 
change resin. Capric acid, molecular sieves 5A, and 
authentic glycerides for high-performance liquid chroma- 
tography (HPLC) analysis such as l(3)-monocaprin, 
1,2-dicaprin, 1,3-dicaprin and tricaprin were purchased 
from Sigma Chemical Co. (St. Louis, MO). Oleic acid was 
obtained from Wako Pure Chemicals {Osaka, Japan}. Glyc- 
erol was purchased from Mallinckrodt, Inc. (Paris, KY). 

Analytical methods. The capric glycerides in the reac- 
tion mixture were analyzed by using a Waters Associates 
{Milford, MA} high-performance liquid chromatograph 
equipped with a model 6000 A solvent delivery system, 
R 401 RI detector, M 680 automated gradient controller 
and M 740 data handling system. The column was a 
Waters Radial-Pak/~ bondapak Cls (8 mm i.d. X 10 cm L, 
10 gin) and used with a Z-module (radial compression 
separation system). The mobile phase was acetonitrile- 
acetic acid (94:6, v/v). The flow gradient was applied as 
follows: 1 mL/min for 7 rain, increased up to 2 mL/min 
linearly in 1 min, held at 2 mL/min for 8 rain, decreased 
back to I mL/min linearly in t rain, and held at I mL/min 
for another 3 rain before the next injection. Acetone was 
used as a sample-dissolving solvent, and injection volume 
was 10/~L. A quick measurement of residual fatty acid 
concentration in the reaction mixture was done by the 
cupric-acetate method (24). 

Determination of esterification activity of Lipozyme. 
Fifty mmoles of fat ty acid and 16.7 mmoles of glycerol 
were mixed vigorously by a magnetic stirrer (400 rpm) in 
an open glass vial (30 mm i.d. X 85 mm L) which was 
silanized before use {25}. The reaction was started by add- 
ing 0.1 g of Lipozyme to the reaction mixture, which had 
been thermally equilibrated to 40~ in a water bath. 
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Moisture produced was allowed to evaporate spontane- 
ously during the reaction. Aliquots (40 ~L) were taken 
from the vial at predetermined intervals and diluted in 
3.96 mL of isooctane~ in which residual fat ty acid was 
checked by the cupric-acetate method. The initial reaction 
rate was calculated from the slope drawn at the beginning 
of the progress curve of residual fatty acid concentration. 
One esterification unit of Lipozyme was defined as 1 panole 
of fat ty acid consumed per minute under the experimen- 
tal conditions. 

Batch reactor. The batch esterification reaction was car- 
ried out under the above-mentioned conditions at various 
temperatures by using capric acid or oleic acid. The batch 
reactions with different molar ratios of capric acid to 
glycerol (1:1, 3:1 and 9:1) were conducted at 40~ 

Loop reactor. In order to overcome the breakage of en- 
zyme matrix in a batch reactor, we prepared a loop reac- 
tor. Three grams of Lipozyme were packed in a vertical 
column (18 mm i.d. • 15 cm, water-jacketed) and 900 
mmoles of capric acid and 300 mmoles of glycerol were 
mixed vigorously in an open reservoir. The reaction mix- 
ture was then recirculated by a gear pump (Micropump 
Co., Concord, CA) at 30 mL/min through the column and 
back to the reservoir. All of the lines, pump, column and 
the reservoir were water-jacketed and insulated. Moisture 
produced was allowed to evaporate from the reservoir. 

Water-removing methods. The performance of a cap- 
sealed reactor (no removal of water) and a cap-opened reac- 
tor (spontaneous evaporation of water) were compared. In 
order to remove water rapidly, several methods were 
employed for a batch reaction (200 mmoles of fat ty acid 
and 66.7 mmoles of glycerol with 0.4 g of Lipozyme in a 
150-mL glass vial) solely or in combination with others. 
The following methods were used: vacuum (5 cm Hg ab- 
solute), bubbling air into the reactor, air recirculation 
through a molecular sieve column and cold trap (-5~ 

RESULTS AND DISCUSSION 

Esterification activity. The esterification activity of 
Lipozyme for capric glycerides in a solvent-free system 
was found to be about 400 units per gram (40~ For the 
case of oleic glycerides, the activity was about 200 units 
per gram (40~ By comparison, the interesterification 
activity of this enzyme is reportedly 31 BIU (Batch In- 
teresterification Unit} per gram, where 1 BIU is defined 
as 1 ~mole of incorporated palmitic acid into triolein per 
minute at 40~ in petroleum ether {26). The hydrolytic 
activity was about 100 units per gram, where 1 unit is 
defined as 1/~mole of free fat ty acid liberated from olive 
oil per minute at 37~ in an emulsion system [5% (v/v) 
of olive oil emulsified by 5% {w/v) of gum arabic at pH 7.0]. 

HPLC analysis. Figure 1 represents the chromatogram 
of capric acid and its glycerides. The retention time of each 
component was as follows {mean value __ standard devia- 
tion based on 10 samples}: 1-monecaprin (6.15 min +_ 0.02), 
capric acid (6.60 rain + 0.03), 1,3-dicaprin (8.93 rain + 
0.03), 1,2-dicaprin (9.46 rain + 0.03) and tricaprin (15.69 
min _ 0.10). But the retention time of 2-monecaprin could 
not be identified because the authentic sample was not 
available. From the chromatogram of a reaction mixture 
(not shown), a peak of 1,2-dicaprin was identified, although 
the peak area was comparatively small (less than 5% 
of 1,3-dicaprin}. A small amount of tricaprin was also 
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FIG. 1. HPLC ehromatogram of eapric acid and capric glycerides 
in a Waters ~ bondapak C18eolumn (8 m m  i.d. X 10 cm L, 1O 9m), 
a RI detector was used; mobile phase, acetonitrile-acetic acid (94:6, 
v/v); flow gradient was used (see text); dosage, 0.75 ~mole of capric 
acid, 0.3 ~mole of capric glycerides in 10 pL acetone. [1] acetone, 
[2] 1.manoeaprin, [3] caprie acid, [4] 1,3-dicaprin, [5] 1,2-dieaprin, [6] 
tricaprin. 

detected at the end of the reaction. These observations 
support the view that Lipozyme has 1,3-specificity, but 
the specificity is not so strict in this esterification reac- 
tion. In other words, the esterification reaction at the 
2-position of glycerol may take place, but the rate is much 
slower than that  of the 1- and]or 3-position. I t  is notable 
that  triolein was produced from oleic acid and glycerol in 
a yield of 80-90% based on oleic acid by using Lipozyme 
(14}. McNeill et aL (27) also suggested that  this enzyme 
does not possess absolute regiospecificity in the 
glycerolysis of beef tallow. 

Effect of varying molar ratia The esterification reac- 
tions were performed with molar ratios of 1:1, 3:1 and 9:1 
of capric acid to glycerol in open batch reactors at 40~ 
The product composition was analyzed by HPLC. For a 
ratio of 1:1 {glycerol-excess condition), the conversion 
defined as the percentage of consumed capric acid was 
close to 90% at the end of the reaction {Fig. 2). Monocaprin 
was produced at about twice the concentration of dicaprin, 
but slowly decreased after 60 hr. 'In the meantime, di- 
caprin increased gradually throughout the reaction and 
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FIG. 2. Time course for the synthetic reaction of capric glycerides 
(molar ratio = 1:1). Reaction mixture contained 50 mmoles of capric 
acid, 50 mmoles of glycerol and 0.1 g of Lipozyme in an open batch 
reactor at 40~ (11) FA, capric acid; (e) MG, monocaprin; (~) DG, 
dicaprin; (A) TG, tricaprin; ( ~ )  CONV, conversion. 
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F I G .  4.  Time course for the synthetic reaction of capric glycerides 
(molar ratio ----- 9:1). Reaction mixture contained 50 mmoles of capric 
acid, 5.6 mmoles of glycerol and 0.1 g of Lipozyme in an open batch 
reactor, at 40~ Symbols are the same as in Figure 2. 
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FIG. 3. Time course for the synthetic reaction of capric glycerides 
(molar ratio = 3:1). Reaction mixture contained 50 mmoles of capric 
acid, 16.7 mmoles of glycerol and 0.1 g of Lipozyme in an open batch 
reactor at 40~ Symbols are the same as in Figure 2. 
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FIG. 5. Effect of temperature on the initial reaction rate of Lipozyme. 
Reaction mixture contained 50 mmoles of fatty acid, 16.7 mmoles 
of glycerol and 0.1 g of Lipozyme in an open batch reactor. ( �9 ), capric 
acid; (11), oleic acid. 

a trace amount  of tricaprin was  produced at the end of 
the reaction. About  40% of glycerol remained to the last, 
as calculated from the total  amount  of glycerides. When 
the ratio was  changed to 3"1 (stoichiometric ratio}, mono-  
caprin showed a m a x i m u m  peak at an early s tage  of the 
reaction and decreased down to one-fifth of the  concen- 
tration of dicaprin at the end of the reaction (Fig. 3). 
Tricaprin was  produced earlier and the final conversion 
was about 80%. Glycerol was almost  completely consumed 
at 20 hr. It should be noted that  the t ime course of this  
reaction looked similar to the typical  pattern of a con- 
secutive reaction, in which the last  reaction step is r a t e  
l imiting {28}. When the ratio was  increased to 9:1 (capric 
acid-excess condition}, the progress curves of the glycer- 
ides were similar to the case  of 3"1. Final conversion, 
however, fell down to 40%, probably because the glycerol 
was  exhausted at an early stage of the reaction {Fig. 4). 
We believe that  evaluation of kinetic  cons tants  of each 
reaction step would be possible through the dynamic  
analysis  of these  data and this  deserves further studies. 

Temperature effect. The initial reaction rate and final 
conversion were measured at various temperatures in an 
open batch reactor. The max imum initial reaction rate was 
obtained at 50~ and 60~ for capric and oleic glyceride 
synthesis ,  respectively (Fig. 5). The final conversion, 
however, may  depend to some  extent  on the degree to 
which the  e n z y m e  matrix  w a s  mechanical ly  broken. In 
order to check the inact ivat ion of enzyme,  we separated 
the broken e n z y m e  matrices  by centrifugation after a 
70-hr operation, put  them into a new substrate  mixture 
and measured the residual activity. In the case  of the 
capric glyceride synthesis ,  the e n z y m e  matrices  were 
easi ly  broken above 50~ and residual act iv i ty  was  not  
detected after a 70-hr operation at that  temperature. But  
in the case  of oleic glyceride synthesis ,  the enzyme  
matrices  were somewhat  less broken and residual activ- 
i ty  was  about  80% of initial value after a 70-hr operation 
even at 60~ These  observat ions  sugges t  that  the sta- 
bility in a batch reactor is largely dependent on the matrix 
susceptibi l i ty  to  mechanical  abrasion as well as to  the 
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FIG. 6. Time course for the synthetic  reaction of capric glyceride 
in a loop reactor. Reaction mixture contained 900 mmoles of capric 
acid, 300 mmoles of glycerol and 3.0 g of Lipozyme, at 50~ Sym- 
bols are the same as in Figure 2. 
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FIG. 7. Schematic drawing of wate~removing system. Air was reci~ 
culated by a peristaltic pump through a preheater and bubbled into 
the reactor. The effluent flew through a cold trap (--5~ molecular 
sieve column and back to the P205 desiccator. All  the lines were 
kept under vacuum (5 cm Hg absolute). 
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FIG. 8. Effect of water removal on the synthetic  reaction of capric 
glycerides. Reaction mixture contained 200 mmoles of capric acid, 
66.7 mmoles of glycerol and 0.4 g of Lipozyme at 4O~ (o), open 
reactor; (O), water removal with cold trap. 
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physical propert ies  of the substrate~ Thus, we examined 
stabi l i ty  in a loop reactor where the ma t r ix  is not  sub- 
jected to mechanical stress. The t ime course in a loop reac- 
tor was about  the same as in the ba tch  reactor  (Fig. 6}, 
except t ha t  the conversion and tr icaprin concentrat ion 
kept increasing even after the conversion was close to 85%. 
I t  mus t  be noted also tha t  nearly 90% of the initial ac- 
t iv i ty  of Lipozyme was retained even after  10 batches of 
capric glyceride synthesis  at  50~ Fur ther  research will 
be conducted to examine the stabil i ty and product iv i ty  
as a function of the operat ing tempera ture  with this loop 
reactor. 

WatePrernoving effect on the esterification reaction. In  
order to shift  the equilibrium toward synthesis  in the 
esterification reaction, various water-removing methods  
have been employed by several workers. Positive results 
were obtained by recirculating the product mixture {14,29} 
or headspace gas (30} through the molecular sieve column. 
Vacuum and dry  air-bubbling were applied for forced 
dehydration (14). When we conducted capric glyceride syn- 
thesis in a closed ba tch  reactor, the final conversion was 
only 50% at  40~ while the open reactor gave a final con- 
version of 80% under the same conditions. Certainly this 
difference is due to the law of mass  action. When we 

FIG. 9. Effect  of water removal on the synthetic  reaction of oleic 
glycerides. Reaction mixture contained 200 mmoles of oleic acid, 66.7 
mmoles of glycerol and 0.4 g of Lipozyme, at 50~ (m), open reac- 
tor; {D), water removal with cold trap. 

applied vacuum alone in a ba tch  reactor, there was no 
significant difference compared to the open system. When 
headspace gas  was recirculated through the molecular 
sieve column and bubbled into the reactor under vacuum, 
there was also no noticeable effect during the reaction. 
However, near  the end of the reaction the conversion was 
increased slightly. These results suggested tha t  the water 
absorpt ion rate  of molecular sieves might  not be fast  
enough and prompted us to employ a more powerful water- 
removing method.  We added a cold t rap  a t  the exhaust  
line of the reactor  in an a t t emp t  to remove water  more 
rapidly (Fig. 7). This sys tem gave a considerably higher 
final conversion. The progress curves of the capric 
glyceride synthesis  were generally the same during the 
reaction. However, the final conversion was about  15% 
higher than in the open system {Fig. 8). For oleic glyceride 
synthesis, a 20% increase in final conversion was observed 
(Fig. 9}. I t  is of interest,  however, t ha t  two curves were 
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qu i t e  d i f fe ren t  f rom t h e  b e g i n n i n g  of t h e  reac t ion .  
A l t h o u g h  i t  s e e m s  l ike ly  t h a t  t h i s  d i f ference  m a y  be  
r e l a t ed  to  t he  w a t e r  so lubi l i t ies  of each f a t t y  acid, fu r the r  
i n v e s t i g a t i o n s  are  requ i red  to  exp la in  t hese  differences.  

ACKNOWLEDGMENTS 
Financial support for this work was partly provided by the Korea 
Science and Engineering Foundation and partly by Dr. Chung's Food 
Company. We thank Dr. P.S. Chang for his help and comments on 
our HPLC studies. 

REFERENCES 
1. Hart, D., J.S~ Rhee and S.B. Lee, BiotechnoL Bioeng. 3~.381 (1987}. 
2. Kang, ST., and J.S. Rhee, Ibid. 33:1469 (1988). 
3. Macrae, A.R., J. Am. Oil Chem. Soc. 60:243A (1983). 
4. Yamane, T., M.M. Hoq, S. Itoh and S. Shimizu, J. Jpn. Oil Chem. 

Soa 35:632 {1986). 
5. Langrand, G., C. Triantaphylides and J. Baratti, BiotechnoL Leta 

10:549 (1988}. 
6. Hayes, D.G., and E. Gulari, BiotechnoL Bioeng. 35.'793 {1990). 
7. van der Padt, A., M.J. Edema, J.J.W. Sewalt and K. van't Riet, 

J. Am. Oil Chem. Soc. 67:347 (1990). 
8. Margolin, A.L., and A.M. Klibanov, 3:. Am. Chem. Soa 109:3802 

(1987}. 
9. Semenov, A.N., A.P. Gachok, M.I. Titov and K. Martinek, 

Biotechnol. Lett. 11:875 (1989). 
10. Yamamoto, Y., K. Yamamoto, T. Nishioka and J. Oda, Agria Biol. 

Chem. 52:3087 (1988). 
11. Hansen, T.T., and P. Eigtved, Proceedings of World Conference 

on Emerging ~chnologies in the Fats and Oils Industry, edited 

by A.R. Baldwin, American Oil Chemists' Society, Champaign, 
IL, pp. 365-369, 1986. 

12. Matsushima, A., Y. Kodera, K. Takahashi, Y. Saito and Y. Inada, 
Biotechnol. Lett. 8:73 {1986). 

13. Ergan, E, M. Trani and G. Andre, Ibid. 10:629 {1988). 
14. Ergan, F., M. Trani and G. Andre, Biotechnol. Bioeng. 35:195 

(1990). 
15. Babayan, V.K., J. Am. Oil Chem. Soa 65:917 (1981). 
16. Yamashita, M., and Y. Kadoma, New Food Industry 24:28 (1982). 
17. Julius, U., and W. Leonhardt, J. Parenteral and Enteral Nutri- 

tion 12:116 (1988). 
18. Voitk, A.J., The British J. of Clinical Practice 29:55 (1975). 
19. National Teclmical Information Servic~ PB87-178372, American 

Academy of Pediatrics, Springfield, VA, 1981. 
20. Farrell, P.M., E.H. Mischler, S.A. Sondel and M. Palta, J. Am. 

Dietetic Assoc. 87.'1353 (1987}. 
21. Snow Brand Milk Products, Japanese patent 185922 (1988). 
22. Sanyu Shojiikk, Japanese patent 049747 (1985). 
23. Product Brochure: Captex, Capital City Products, Columbus, OH, 

1986. 
24. Kwon, D.Y., and J.S. Rhee, J. Am. Oil Chem. Soc. 63.'89 (1986). 
25. Maniatis, T., E.E Fritsch and J. Sambrook, Molecular Cloning 

-- A Laboratory Manua~ Cold Spring Harbor Laboratory, New 
York, NY, IX 437, 1982. 

26. Product Information B 347b-GB, Novo Industri, Copenhagen, 
Denmark, 1986. 

27. McNeiU, G.P., S. Shimizu and T. Yamane, J. Am. Oil Chem. Soc. 
67.'779 (1990). 

28. Levenspiel, O, Chemical Heaction Engineering, 2nd edn., John 
Wiley & Sons, Inc~, New York, NY, 1972. 

29. Ibrahim, CO., N. Nishio and S. Nagai, Biotechnol. Lett. 10:799 
(1988). 

30. Unilever NV, European Patent Application, EP 0064855 (1982). 

[Received September 26, 1990; accepted March 7, 1991] 

JAOCS, Vol, 68, no. 7 (July 1991) 


