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Enzymatic Interesterification of Butterfat with Rapeseed Oil in a
Continuous Packed Bed Reactor
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Lipase-catalyzed interesterification of butterfat blended with rapeseed oil (70/30, w/w) was investigated
both in batch and in continuous reactions. Six commercially available immobilized lipases were
screened in batch experiments, and the lipases, Lipozyme TL IM and Lipozyme RM IM, were chosen
for further studies in a continuous packed bed reactor. TL IM gave a fast reaction and had almost
reached equilibrium with a residence time of 30 min, whereas RM IM required 60 min. The effect of
reaction temperature was more pronounced for RM IM. TL IM showed little effect on the
interesterification degree when the temperature was raised from 60 °C to 90 °C, whereas RM IM
had a positive effect when the temperature was increased from 40 °C to 80 °C. Even though TL IM
is an sn-1,3 specific lipase, small changes in the sn-2 position of the triacylglycerol could be seen.
The tendency was toward a reduction of the saturated fatty acid C14:0 and C16:0 and an increase
of the long-chain saturated and unsaturated fatty acids (C18:0 and C18:1), especially at longer
residence times (90 min). In prolonged continuous operation the activity of TL IM was high for the
first 5 days, whereafter it dramatically decreased over the next 10 days to an activity level of 40%.
In general, the study shows no significant difference for butterfat interesterification in terms of enzyme
behavior from normal vegetable oils and fats even though it contains short-chain fatty acids and
cholesterol. However, the release of short-chain fatty acids from enzymatic reactions makes the
sensory quality unacceptable for direct edible applications.

KEYWORDS: Interesterification; interesterification degree; lipases; Lipozyme TL IM; Lipozyme RM IM;
packed bed reactor; butterfat; butter oil; milkfat

INTRODUCTION potentially lead to coronary heart disease (CHD) and other
related diseases (4—6). However, the cause of CHD is multi-
factorial, and dietary saturated fats are not the only reason. The
sults of studies on the etiology of heart disease are inconclusive
nd sometimes contradictory)( For this reason the focus in
development of new butter products should be on improvements
of the poor melting profile of butter, and to a lesser extent an
effort to reduce the amount of saturated fatty acids. By simple
blending of butterfat with vegetable oils the melting profile and
the fatty acid composition of the butter product can be changed,
making it more spreadable, the nutritional properties are

During recent years a shift in consumer preference is seen
toward products containing less and healthier fat (1). Since the
1990s the consumption of butter and ghee has been decreasin
in the developed countrie®). This change has given rise to
new challenges for the dairy industry to develop new uses for
the surplus of butterfat. Butterfat possesses some favorable
properties both physically and organoleptically. For this reason
butterfat is used in bread, cakes, cookies, and ice creams wher
it gives good structure and texture and imparts a buttery flavor
and aroma as well as a creamy mouthfeel. Butterfat also has; . h . )
some good nutritional qualities as a source of essential fatty MProved, and the desirable organoleptic attributes are main-
acids and fat-soluble vitamins, but due to the high content of t@&ined (8). Another way to overcome the problems associated
saturated fatty acids such as lauric, myristic, and palmitic acid with butterfat is modification by chemical or enzymatic inter-

residues it has been claimed to be hypercholesterolesnit) ( esterification. By chemical interesterification of butterfat with
This tendency to cause a raised blood cholesterol level canVegetable oil a randomization of the fatty acid residues on the
glycerol backbone of the triacylglycerols takes place, and a
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Table 1. Basic Characteristics of the Oils and Fats Including Fatty MATERIALS AND METHODS
Acid Composition (FAC) (mol %), Peroxide Value (PV), Water Content, Materials. Anhydrous butterfat was a generous gift from Arla Foods
and Free Fatty Acid (FFA) Content (Holstebro, Denmark). Rapeseed oil, fully hydrogenated cottonseed oil,
fully and sunflower oil were obtained from Aarhus United (Aarhus,
) Denmark), Bunge Oil Inc. (White Plains, NY), and Karlshamns AB
fatty acids anhydrous rapeseed sunflower hydrogenated

(Karlshamn, Sweden), respectively. The basic characteristics of the oils

and others butterfat ol o cottonseed ol and fats are listed irTable 1. Lipozyme TL IM (batch no. Lab
C4:0 10.8 5000103), Lipozyme RM IM, and Novozym 435 were all obtained from
C6:0 4.2 Novozymes A/S (Bagsvaerd, Denmark). Lipase AK-20 and Lipase PS-
CS:Q 2.0 D-1 were obtained from Amano Enzyme Inc. (Nagoya, Japan). Other
gigjg gg characteristics of the lipases are givenTiable 2. Cholesterol (95—
c140 112 19 98%) and butyric acidX99%) were purchased from Sigma-Aldrich
C16:0 275 53 6.8 2338 (St. Louis, MO). Tributyrin (98%) was obtained from Riedel-de’Hlae
C18:0 0.1 1.6 33 575 (Hanover, Germany). All other reagents and solvents were of analytical
C18:1n-9 20.0 60.7 25.9 5.2 grades.
C18:2n-6 14 20.1 62.7 1.0 Enzymatic Interesterification. For the batch reactions, 20 g of a
C18:3n-3 0.8 10.2 04 0.3 mixture of anhydrous butterfat/rapeseed oil (70/30, w/w) was added to
C20:0 02 03 a 50 mL conical flask and placed in a water bath atG@vith magnetic
others 5.5 21 0.7 stirring at 400 rpm. The reaction was initiated by adding 10 wt %
PV (mequiv/kg) 0.03 0.02 031 0.00 enzyme, and samples were withdrawn from the system every 2 h of
water (%) 0.12 0.05 0.07 0.05 the 10 h reaction. No water was added.
FFA (%) 0.32 0.07 0.11 0.15 For the continuous reactions, a packed bed reactor (length, 20 cm;

inner diameter, 1.5 cm), equipped with a heating jacket connected to
a water bath for temperature control and fully packed with immobilized
chemical interesterification (9). Removal of off-flavors by enzyme, was used. The desired amounts of the mixture of anhydrous
deodorization has to be done. butterfat and rapeseed oil (70/30, w/w) were pumped into the reactor
Enzymatic interesterification with lipase catalysis has certain at a specified volumetric flow rate via a small pump from FMI Fluid
advantages over chemical catalysis such as milder reactionMetering (Syosset, NY). From the outlet of the reactor the interesterified
conditions and regiospecificityL(, 11), which may be less  Product could be collected or a sample could be withdrawn. To prevent
harmful to the butter flavor1). solidification of the oil mixture the whole setup, excluding the water

L . bath, is kept in a small Plexiglas room heated td°60 To obtain the
So far_there h_ave_ been only a limited number of studies ON desired residence time (Rt) the volumetric flow ra#g) €an be set to
enzymatic modification of butterfat, and most of the emphasis 5 yajye calculated from the following formula:
has been on the performance on the laboratory scale without
much consideration of product properties and process technology €
for industrial scales (13—15). This study is part of ongoing Rt:VVf
research that has the purpose to develop a new process, which
can be f?‘d.apte" by_t_he _|ndus_try, to modlfy_ butterfat thrqugh wheree is the porosity of the immobilized enzyme a¥ids the volume
enzymatic interesterification with rapeseed oil. Rapeseed oil has the reactor.
been W|de|y used fOI’ the manufacture Of butter as a blend to Ana|ysis of Triacy|g|ycer0| Composition by HPLC. The triacy|_
increase the nutritional values of butter as well as to improve glycerol (TAG) composition was determined by reversed-phase high-
the butter spreadability. The oil contains a large amount of oleic performance liquid chromatography (RP-HPLC) based on the equivalent
acid and a good mixture of linoleiavg) and linolenic (3) carbon number (ECN). ECN is defined as CG\2n, where CN is the
acids as shown ifiable 1. The process includes further refining  humber of carbons in the TAG (excluding the three in the glycerol
to remove the off-flavors formed during the interesterification \?vaacskg(\)lr;\es) é‘(’)‘“r“ghtggﬁr;:mgﬁ;eo‘;ié’;g'ﬂﬁrggggé;ﬁ ZZ';EO Sgs:gg:a
in subsequent study. The modified product should have a better’, = i ]
melting profile and higher nutritional value, while maintaining tion, Tokyo, Japan) equipped with two PU-980 pumps, an HG-980-30

the attractive text i d f butterfat. C d solvent mixing module, an AS-950 autosampler, a UV-970 UV/vis
€ altractive texture, flavor, and aroma or butteriat. Lompare detector, and a Sedex 55 evaporative light-scattering detector (ELSD,

to simple blending, the new product should have an extended segere, Alfortville, France). The ELSD was operated at a temperature
shelf life. The objective of this study is to select the best of 40 °C with air as the nebulizing gas at 2.2 bar. The column used
commercially available lipase and find the optimal conditions was Supelcosil LC-18 (258 4.6 mm, Supelcosil Inc., Bellefonte, PA)
for a continuous enzymatic interesterification process. packed with a particle size of /. The mobile phase was a binary

Table 2. The Immobilized Commercial Lipases Used and Their Characteristics

water
content
brand lipase species carrier specificity (wt %) porosity
Lipozyme TL IM Thermomyces lanuginosus silica granules sn-1,3-specific 6.0 0.77
TL-lab-immobilized Thermomyces lanuginosus Accurel EP 100 sn-1,3-specific 5.8
Lipozyme RM IM Rhizomucor miehei macroporous resin sn-1,3-specific 3.2 0.45
Novozym 435 Candida antarctica lipase B macroporous nonspecific 4.1 0.65
polymer based on
methyl and butyl
methacrylic esters
Lipase PS-C-I Burkholderia cepacia ceramic particles nonspecific? 4.3
Lipase PS-D-I Burkholderia cepacia diatomaceous earth nonspecific? 37

2No clear claim.
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solvent system of acetonitrile (solvent A) and 2-propanol/hexane (2:1, [ 1132
v/v) (solvent B). The applied flow rate was 1 mL/min, and a gradient
program was employed, consisting of a linear gradient of solvent B
from 25% to 45% over 60 min, going to 100% over 2 min and holding
for 6 min, after which it decreases to 25% over 2 min and holds for 5 128+
min. The samples were dissolved in chloroform (10 mg/mL), and 10

uL was injected. Triacylglycerol peaks were identified by TAG  1.0E+05)
standards from their ECN. Three determinations were conducted for

1.4E+05

all the analyses, and the average was used for result evaluation. Thes.oe+o4 012 (A)
selected peaks of ECN48 and ECN36 had a relative standard deviation 1308 ECN 48
below 3.7% and 3.3%, respectively. 6.0E404 [ ECN 36

Determination of Cholesterol. The content of cholesterol in the v |l
samples was determined as described by Fletaetrial. (16). The g w e | g
samples (0.2 g) are saponified in capped tubes with 0.5 M methanolic ™ ' [ 1 ‘ Vil
KOH solution by heating for 15 min at 80C. Water is added to the i r" ' | | r"
mixtures, and the unsaponifiable fractions are extracted with hexane 2%+%4 1 f’ I S A
before further analysis by capillary GC. The gas chromatography system f‘." - A:‘iﬂlﬂ' i W b ﬂﬁ@.l AJ.J W B AJ T
consisted of a HP 6890 series chromatograph (Hewlett-Packard, 0.0E+00=— - 36,00 40,00 0,00 [min]

Waldbronn, Germany), equipped with a flame-ionization detector (FID) v 72
and a capillary column (Zebron ZB-5, 60 g1 0.25 mm, 0.2um film

thickness; Phenomenex Inc., Torrance, CA). Helium was used as carrier

gas with a column flow rate of 1.3 mL/min. The injector was used in

split mode with a ratio of 1:21. The oven temperature was increased s.0e+04|
from 280 °C to 310°C over 20 min. The injector and the detector
temperature were 320C and 310°C, respectively. The cholesterol

was quantified using stigmastanol as internal standard. Three determi-
nations were conducted, and the average was used for result interpreta  ge,o4
tion. The relative standard deviation was below 6.1%.

Fatty Acid Composition. Fatty acid methyl esters (FAME) were
prepared from triacylglycerols through transesterification catalyzed by
KOH in methanol (17). The FAME dissolved in heptane was analyzed
by gas—liquid chromatography (GLC) with a HP 6890 series chro-
matograph (Hewlett-Packard, Waldbronn, Germany), equipped with a
flame-ionization detector (FID) and a fused-silica capillary column
(Supelco SP2380, 60 i 0.25 mm, i.d., 0.25 mm film thickness; .
Supelco Inc., Bellefonte, PA). The carrier gas was helium with a column S0eH0 1000 2000 3000 4000 6000 8000 70.00 [min]

flow rate of 1.2 mL/min. The injector was used in split mode with a .
ratio of 1:20. Oven temperature was programmed from 50 (3 min) to Figure 1. HPLC chromatograms showing the two groups of peaks used

160°C at a rate of 15C/min, increased to 182C at a rate of TC/ for calculation qf _the interesterification degree. (A) HPLC chromatogram
min, further to 200°C at a rate of 10C/min, and finally to 225C at of a blend consisting of butterfat and rapeseed oil (70/30, w/w). (B) HPLC
a rate of 30°C/min and held for 12 min. The injector and detector ~chromatogram of the same blend after enzymatic interesterification in a
temperatures were 260 and 300°C, respectively. The fatty acid continuous packed bed reactor. Experimental conditions: packed bed
methyl esters were identified by comparison of their retention times reactor (200 mm x 1.5 mm); enzyme, Lipozyme TL IM; enzyme amount,
with standards from Sigma Chemical (St. Louis, MO). Three determi- approximately 15 g; reaction temperature, 60 °C; room temperature, 60
nations were conducted for all analyses. The averages were used forC: flow rate, 0.9 mL/min; residence time, 30 min.

result evaluation. The relative standard deviations were varied a bit

larger when conducting in different days in the repeatability test where where mL, is the amount of sodium hydroxide, mis the amount of
the maximum was observed as 8.2%. For samples from the same setodium hydroxide used on a blind sampteis the molarity of sodium
of experiments, analysis was conducted in the same running of the hydroxide, 256.4 is the molar mass of palmitic acid, ginglthe amount
instrument. In such cases, the relative standard deviations were muchof oil. Double determinations were conducted, and the average was

(B)

2. 0E+04

lower with none higher than 2.7%. used for result evaluation. The method was very repeatable, and the
sn-2 Fatty Acid Composition. Fatty acid composition at then-2 differences between the double determinations were below 0.04% for

position was determined by Grignard degradation with allylmagnesium all the samples.

bromide followed by isolation and methylatiofg). Thesn-2 MAG Evaluation Method of Interesterification Extent. The activity of

fraction was isolated by thin-layer chromatography on boric acid the lipase, as indicated by the extent of rearrangement of the fatty acids
impregnated thin-layer chromatography plates developed twice (2  in the triacylglycerols, is calculated on the basis of the change in two
60 min) in chloroform/acetone (90:10, v/v), methylated and analyzed peak groups in the HPLC chromatograms for the triacylglycerol
by gas—liquid chromatography as described above. All samples were composition 11). For a blend of butterfat and rapeseed oil (70/30, w/w)
conducted for three determinations including GC analysis for fatty acid a great change in peak areas after reaction is seen in a group of peaks
composition. The average was used for result interpretation. The relativeof ECN48, whereas the peak areas of a group of peaks of ECN36 are
standard deviations were below 4.2% for all the samples from the samerelatively stable during the reaction progre§sg(re 1). The inter-

set of experiments. esterification degree (ID) is therefore defined as:
Determination of Free Fatty Acids. One gram of oil is weighed

(4 decimals) and dissolved in 20 mL of chloroform. Then 25 mL of peak area (%) of ECN48

ethanol and 5 drops of phenolphthalein indicator are added, and the = peak area (%) of ECN36

mixture is titrated with a 0.1 M sodium hydroxide solution until the
appearance of a pink color. The content of FFA is calculated as palmitic |, the evaluation of effects of butyric acid and cholesterol on the lipase
acid as behavior, butterfat cannot be used since it contains these two com-
pounds. In such cases, the blends of sunflower oil and fully hydroge-
% FEA = (ML, — mL,)m(256.4x 100) nated cottonseed oil (80/20, w/w) were used. Different peaks appeared
1000g from the butterfat and rapeseed oil mixture as showrrigure 1.
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5 TL IM, and Lipozyme RM IM seem to give a faster reaction
— with a higher final interesterification degree than the other
enzymes. For Lipase PS-D-I the highest interesterification degree
is seen already after 2 h ofaction, and the level is maintained
during the total reaction time of 10 h, indicating that equilibrium

—e— Lipozyme TL IM

Interesterification degree

2 —=— Lipozyme RM M has been reached. For Lipozyme TL IM the highest interest-
e e erification degree is seen afté h of reaction, whereas the
1 —x— Lipase PS-D-1 interesterification degree of the other lipases is gradually
5~ Tholab-immobilized increasing during the 10 h of reaction. Differences in the
0 formation of free fatty acids are also seen between the different
0 3 6 9 12 lipases. Lipase PS-D-I has the lowest formation of FFA at 2.8%,
Reaction time [h] followed by Novozym 435 at 3.6%, Lipozyme RM IM at 4.0%,
Figure 2. Comparison of the interesterification degree of six different Lipase AK 20 at 5.3%, Lipozyme TL IM at 6.0%, and TL lab-
lipases in batch interesterification of a butterfat and rapeseed oil blend immobilized with the highest FFA formation at 9.4%. The
(70/30, wiw). The enzyme amount was 10% (w/w); the reaction amount of free fatty acid formed is associated with the water
temperature was kept at 50 °C and magnetic stirring at 400 rpm. No content in the reaction system and the water bound in the
addition of water. enzyme granules of the immobilized lipases. An increasing level

of water leads to a higher degree of hydrolysis. Fosafl,3
Through evaluation of a time course of the reaction with these two specific lipase-catalyzed interesterification, FFA asnt1,2
oils, we selected two groups of peaks as well in which one group had (2,3)-DAG are formed as byproducts by hydrolysigble 3
a big change during the reaction and the other group had little changeghows the fatty acid composition in tren-2 position of a
during the reaction progress. Therefore, the interesterification degreey \ttarfat and rapeseed oil blend after 10 h of reaction with the
was defined as the ratio of the peak areas between the two groups. six different lipases. Compared to the oil blend, small changes

Sensory Evaluation.An expert panel, consisting of three trained are observed in then-2 position in all cases. even though onl
persons, performed preliminary sensory evaluations of the butter P ! 9 y

products. The oil samples were thawed in a water bath for 4 h, followed thrée lipases are nonspecific (Novozym 435, Lipase PS-D-I, and
by heating at 50C for 30 to 60 min before the sensory evaluation. Lipase PS-C-I) and therefore catalyze the interesterification in
The evaluation was done by smelling and tasting the samples, and aall three positions on the glycerol backbone. The reason for
scale for total off-flavor from 0 to 10 was used, where 0 is given to this can be acyl migration, where the chemically unstaile

oils with no off-flavor and 10 is given to oils with an extremely high 1,2 (2,3)-DAG undergoes acyl migration to produce 1,3-DAG.
off-flavor. The panel agreed on a score for each product. Therefore, One of the acyls in the 1,3-DAG can migrate to &me2 position

no statistics could be made on the data. to form ansn-1,2 (2,3)-DAG, and now the 1,3-specific lipase
can catalyze the re-esterification yielding a TAG where the acyl
RESULTS AND DISCUSSION in thesn-2 position has changetid). Acyl migration has been

Lipase ScreeningFor butterfat interesterification with plant ~ shown to be dependent on reaction time, water content, enzyme
oils using enzyme approaches, few studies considered thedosage, and types of enzyme carri2d) The process should
availability of commercial immobilized lipases in terms of be optimized to minimize the acyl migration. The two lipases,
possibility of industrial implementation. In this study 6 im- Lipozyme TL IM and Lipozyme RM IM, were used for further
mobilized lipases were used and 5 of them are available from investigations in continuous interesterification reactions, taking
commercial SourcesFigure 2 shows a Comparison of six account of the activity, Specificity, and aV&I'ablllty in Iarge
different commercially available immobilized lipases in batch quantity. These two lipases were not used for such modification
reactions. The performance of the lipase is evaluated on theOf butterfat in previous studies.
basis of the interesterification degree calculated from specific Parameter Study. Figure 3 shows the interesterification
peak areas of the HPLC chromatograms as described in thedegree as a function of the residence time in a packed bed reactor
Materials and Methods section. A preliminary study has shown for the continuous interesterification catalyzed by Lipozyme TL
the method to be reproducible with a CV below 5% for four IM and Lipozyme RM IM. For a residence time under 60 min
identical experiments (results not shown). All six lipases were Lipozyme TL IM gives a faster reaction than Lipozyme RM
capable of catalyzing the interesterification between butterfat IM, but at residence times above 60 min the two enzymes give
and rapeseed oil (70/30, w/w), but Lipase PS-D-I, Lipozyme comparable results. Above a residence time of 30 min, Lipozyme

Table 3. sn-2 Position Fatty Acid Composition (mol %) of a butterfat and Rapeseed Oil Blend (70/30, w/w) after 10 h of Batch Interesterification at
50 °C and with Magnetic Stirring at 400 rpm

Lipozyme Lipozyme Novozym Lipase Lipase TL-lab-
fatty acids mixed oil TLIM RM IM 435 PS-C-l PS-D-I immobilized
C10:0 2.32 2.29 291 2.58 3.09 2.20 2.15
C12:0 3.57 291 3.49 3.05 3.19 2.71 3.00
C14.0 13.39 9.35 12.15 10.19 9.62 8.23 10.76
Cl41 0.80 0.71 0.73 0.72 0.67 0.74 0.80
C16:0 28.95 26.96 28.07 26.68 25.39 25.11 26.25
C16:1 1.56 1.26 143 1.35 1.22 1.05 1.28
C18:0 3.65 6.94 4.42 571 6.34 7.37 4.61
C18:1n-9 23.87 29.50 24.95 27.64 27.64 27.84 23.42
C18:1n-7 0.50 1.15 0.66 0.93 111 1.23 0.68
C18:2n-6 10.40 8.03 9.65 9.61 7.49 6.02 8.28
C18:3n-3 4.30 325 3.96 387 3.03 2.24 2.99

others 6.69 7.65 7.58 7.67 11.21 15.26 15.78
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40 Table 4. Total Fatty Acid Composition and sn-2 Positional Distribution
35 (mol %) of a Butterfat and Rapeseed Oil Blend (70/30, w/w) before
" and after Continuous Interesterification by Lipozyme TL IM in a
S 30 Packed Bed Reactor?
[}
h-]
5 257 residence
- time: 0 min 10 min 30 min 90 min
g 20
E—.: total sn-2 total sn-2 total sn-2  total  sn-2
g 1'5E =~ Lipozyme RM IM c40 8.5 6.19 595 598
£ 10 —*—Lipozyme TL IM C6:0 309 019 312 3.08 3.07
= C8:.0 143 100 153 061 153 041 152 043
05 C10:0 264 288 293 266 292 263 292 261
C12:0 276 392 272 362 273 371 274 352
0.0 T T i C14:.0 818 1409 7.87 1292 789 1270 7.92 1149
0 10 20 30 40 50 60 70 80 90 C16:0 2159 27.01 2323 27.93 2328 27.71 2335 26.90
Residence time [min] C16:1 136 188 143 194 144 192 144 185
C18:.0 712 430 693 362 696 418 695 503
Figure 3. Effect of residence time on the interesterification degree in a C18:1n-12 150 128 125 1.26 1.26
continuous reaction. Experimental conditions: packed bed reactor (200 gigiin-g 21-32 ZS-gZ 21-22 2(3)-(;3 21-2; 28-22 21-22 28-32
mm x 1.5 _mm), substrate, butterf_at and rapeseeq oil (70/30, wiw); C18n6 645 980 708 1062 711 1039 709 1004
enzymes, Lipozyme TL IM and Lipozyme RM IM; enzyme amount, C18:3n-3 307 416 294 429 205 496 295 429
approximately 15 g in both cases; reaction temperature, 60 °C; room others 345 388 372 765 371 754 372 1733

temperature, 60 °C.

@ Experimental conditions: packed bed reactor (200 mm x 1.5 mm) with

4.5 approximately 15 g of enzyme; reaction temperature 60 °C.
P OLipozyme RM IM
8 O Lipozyme TL IM As seen from the batch reaction, changes irst? position
§ = are also observed for continuous interesterification in a packed
5 3 il bed reactorTable 4 shows the overall and then-2fatty acid
8 25 composition for the butterfat and rapeseed oil blend catalyzed
j;' 2 by_Lipozyme_'I_'L IM. There_is little chqnge in t_he overall fatty
g [ amql composition fqr theldlfferent residence times, but Ionggr
g ' residence times give rise to larger changes in fatty acid
b il composition in thesn-2 position due to most likely acyl
05 migration. Having a residence time of 30 min a 5.5%, 9.9%,
o et 2.7%, and 4.2% reduction is seen for lauric, myristic, stearic,
mixture 40 50 60 70 80 90 and oleic acid, respectively. For palmitic acid a small increase
Temperature [C] of 2.6% is observed. Saturated fatty acids atghe? position
Figure 4. Effect of temperature on the interesterification degree in a are more completely absorbed than when present at the outer
continuous reaction. Experimental conditions: packed bed reactor (200 positions of the triacylglycerol2@). It is commonly stated that
mm x 1.5 mm); substrate, butterfat and rapeseed oil (70/30, wiw); the saturated fatty acids C12:0, C14:0, and C16:0 have a
enzymes, Lipozyme TL IM and Lipozyme RM IM; enzyme amount, detrimental nutritional effect) and other _fatty aC|d_s_I|ke c18:.0
approximately 15 g in both cases; flow rate, 0.9 mL/min; residence time, and C18:1n-9 have a “neutral” or positive nutritional effect,
30 min: room temperature, 60 °C. respectively (7,23). If the residence time is increased to 90

min, lauric, myristic, and palmitic acid decrease with 10.2%,

18.4%, and 0.4%, respectively, and stearic and oleic acid
TL IM shows little improvements in interesterification degree, increase 17.1% and 3.1%, respectively. So even though the
and this time is therefore chosen for the further studies. For overall changes are small, the outcome of the enzymatic
Lipozyme RM IM the temperature has a strong effect on the interesterification is a more healthy fat with a reduced content
degree of reaction as shownhigure 4. The interesterification of saturated fatty acids in then-2 position.
degree gradually increases when the reaction temperature is Operational Stability. For industrial applications of a
changed from 40C to 80 °C. These results differ from those biocatalyst the operational stability in a continuous packed bed
of Lipozyme TL IM, where the temperature has a positive effect reactor is an important issuigure 5 shows the operational
on the reaction between 5TC to 60 °C, after which the  stability of Lipozyme TL IM for continuous operation over 30
interesterification degree is more or less stable fronf®&Qo days. The lipase activity as interpreted by the interesterification
90 °C. Overall the interesterification degree seen for Lipozyme degree is not very stable during the operating period. Ap-
TL IM is higher than for Lipozyme RM IM. This is partly due  proximately 4 h after reaction start the interesterification degree
to the residence time used in both experimental series. A is at its highest level, and this activity is more or less maintained
residence time of 30 min was used in both cases, which favorsuntil the fifth operating day. The activity then decreases
the faster reacting Lipozyme TL IM. If a residence time of 60 dramatically until day 15, where it reaches a plateau with a
min had been chosen instead, the same effects of the temperatureelatively low activity level of about 40% of the initial activity.
would have been seen, but the difference in interesterification This level is more or less kept for the remainder of the test
degree between the two enzymes would have been smaller. Theoeriod. The inactivation of the enzyme seems to be more related
observation of these two lipases in butterfat interesterification to the amount of oil passed through the reactor than to the
is generally in agreement with their uses in margarine modifica- exposure to high temperatures for prolonged times. In the
tion with tropical plant oils and fats, but certainly some literature, the stability of the lipase is believed to be associated
differences also exist (121). with oil quality, which in general is characterized by overall
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Figure 5. Operational stability test of Lipozyme TL IM in a continuous reaction. Both the interesterification degree and the FFA content are shown.
Experimental conditions: packed bed reactor (200 mm x 1.5 mm); substrate, butterfat and rapeseed oil (70/30, w/w); enzyme, Lipozyme TL IM; enzyme
amount, approximately 15 g; flow rate, 0.9 mL/min; residence time, 30 min; reaction temperature, 60 °C; room temperature, 60 °C.
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Figure 6. Butyric acid effect on the interesterification degree. Experimental conditions: packed bed reactor (200 mm x 1.5 mm); substrate, fully hydrogenated
cottonseed oil and sunflower oil (20/80, w/w) + 0% (control), 5% free C4:0, or 5% tri-C4:0, respectively; enzyme, Lipozyme TL IM; enzyme amount,
approximately 15 g; flow rate, 0.9 mL/min; residence time, 30 min; reaction temperature, 60 °C; room temperature, 60 °C.

parameters such as primary (hydroperoxides) and secondaryTherefore the evaluation method may be the major problem that
(aldehydes and ketones) oxidation produ2#)(In this study, leads to the increase in interesterification degree. The conclusion
both butterfat and rapeseed oil are not crucial in terms of on the effect of butyric acid in its free form can be justified
oxidation since the former contains a large amount of saturatedthough. Short-chain fatty acids are more hydrophilic and lower
fatty acids and the latter is also regarded stable among vegetablé¢he pH of the microaqueous layer surrounding the enzyme,
oils. However, butterfat is atypical compared to vegetable oils which may lead to enzyme deactivatia?b( 26). Butyric acid
because it contains butyric acid. This short-chain fatty acid is could then potentially lower the activity of the lipase. Different
more hydrophilic than the longer chain fatty acid, and it might interesterification degrees are therefore caused not only by
impart an effect on the lipas€&igure 6 shows the interesteri-  differences in the behavior of the reaction system. Having
fication degree of butterfat and rapeseed oil blends with and butyric acid in its free form might also lead to enzyme
without 5% butyric acid, in triacylglycerol or in the free fatty deactivation if butyric acid is adsorbed onto the enzyme carrier,
acid form. Having butyric acid in its free form seems to have blocking the entry of the triacylglycerols and causing the
a detrimental effect on the interesterification degree, whereasreaction to stop (27).

the opposite effect is observed if butyric acid is added in  Another compound present in relatively high amount in
triacylglycerol form. The latter could possibly just be due to butterfat is cholesterol, which also can be a factor in the decrease
the analysis method used. When tributyrin was introduced to in activity. Figure 7 shows the interesterification degree of
the system, the resulting TAG profiles of the products would blends of sunflower oil and fully hydrogenated cottonseed oil
be changed and thus the peaks concerned could be affected({80/20, w/w) with different added cholesterol contents. These
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Figure 7. The effect of cholesterol on the interesterification degree. Experimental conditions: packed bed reactor (200 mm x 1.5 mm); substrate, fully
hydrogenated cottonseed oil and sunflower oil (20/80, wiw) + 0% (control), 0.1%, 0.2%, 0.3%, 0.5%, or 0.8% added cholesterol, respectively; enzyme,
Lipozyme TL IM; enzyme amount, approximately 15 g; flow rate, 0.26 mL/min; residence time, 105 min; reaction temperature, 60 °C; room temperature,
60 °C.
oils have very low naturally occurring cholesterol contents. For
comparison the blend between butterfat and rapeseed oil (70/
30, w/w) has a cholesterol content of 0.24%.

Adding cholesterol to the blend, in general, results in a faster
loss in activity compared to the control, even though the results
are not statistically significant. It seems that having a moderate
level of cholesterol between 0.1% and 0.5% has the most
detrimental effect on the lipase, whereas at 0.8% the effect is

w [+2] = w
|

Sensory score
§ -9

less pronounced. However, no clear picture between the different g

levels of cholesterol added can be drawn. The study has been 2

repeated in different operations (results not shown), but this did 1M1

not shed any new light on the effect of the different levels of )

cholesterol. Cholesterol is more polar than oils and fats, and it 0 e e

(=]
[2%]

4 8 23 29 48

could therefore be hypothesized that the enzyme bed could retain .
Running time [h]

it like a chromatographic column. Some cholesterol may even
occupy the surroundings of the |ipase partides more C|OS€|y Figure 8. Sensory evaluation of the off-flavor as a function of the running

than the oils and fats. When more and more cholesterol is time. Sensory score 0 = no off-flavor, and sensory score 10 = extremely
accumulated in the lipase particles, the polarity situation could high off-flavor. Experimental conditions: packed bed reactor (200 mm x

be changed, possibly leading to collapse of the cholesterol 1.5 mm); substrate, butterfat and rapeseed oil (70/30, wiw); enzyme,
“layer”. A clear elucidation of this special action needs further Lipozyme TL IM; enzyme amount, approximately 15 g; flow rate, 0.45
work. As an overall conclusion from this study, we believe that mL/min; residence time, 60 min; reaction temperature, 60 °C; room

a significant effect from cholesterol does not exist. A possible temperature, 60 °C.

small effect of cholesterol will not be an obstacle for the

development of the technology in butterfat modification, and activity. By this way it should be possible to maintain a fairly
this has been confirmed by our large-scale production for longer constant interesterification degree and thereby acquire a more
operation. unified product.

The content of FFA is also indicated Figure 5, and one A preliminary sensory evaluation of off-flavors indicated that,
sees a significant high amount in the startup phase, whereafteron a scale from 0 to 10, the interesterified product had an off-
it fairly quickly reaches a stable and more reasonable level of flavor at around 5 irrespectively of the reaction temperature and
around 1.0% to 1.5% FFA. Within the first hour of reaction the residence time (results not showRjgure 8 shows the
the FFA content peaks at 13.95%, after 2 h it has decreased tesensory evaluation of samples with different running times. It
4.71%, and after 4 h it has further decreased to a more acceptablevas found that the off-flavor was very high (around 8) after 2
level of 2.59%. The high amount of FFA formed during startup h and decreased some after 4 h, whereafter it reached a constant
is a consequence of the water content of the immobilized level from 8 h and forth. This is to be expected, since the amount
enzyme, and after 4 to 5 h most of the water has been consumedf FFA is adversely affecting the smell and taste of the butter
in the high initial degree of hydrolysis. From an industrial product. During the first operating hours where the enzyme still
application perspective this would mean that the product from contains a lot of water, a high degree of hydrolysis is seen and
the first few hours of startup is waste or at least should be kept thus a high amount of FFA is formed. Even though the level of
separately for a harsher refining. The production can then run FFA reaches a low constant level after around 5 h, the product
without any changes for around 5 days, after which the flow is still not acceptable for consumption. In order to obtain a
rate has to be lowered to accommodate the loss in enzymeproduct with an acceptable smell and taste the majority of the
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FFA therefore has to be removed by deodorization in a later (10) Lim, S. Interesterification’s future examine@ils Fats Int.2001,

stage. 17, 24-25.
Scale-Up of the Reaction SystemWe have scaled up the  (11) Zhang, H.; Xu, X.; Mu, H.; Nilsson, J.; Adler-Nissen, J.; Hay,

reaction system to a larger packed bed reactor (length, 50 cm; CE Lipozymg IM-catglyzed intereste_rification for the produc-

inner diameter, 4.7 cm). The volume of the reactor is 867.5 tion of margarine fats in a 1 kgcale stirred tank reactoEur.

J. Lipid Sci. Technol2000,102, 411—-418.

(12) Rousseau, D.; Marangoni, A. G. Tailoring the textural attributes
of butter fat/canola oil blends vi&hizopus arrhizudipase-
catalyzed interesterification. 1. Compositional modificatiahs.
Agric. Food Chem1998,46, 2368—2374.

(13) Kermasha, S.; Safari, M.; Goetghebeur, M. Interesterification
of butter fat by lipase fronRhizopusniveus in cosurfactant-

mL, and it holds approximately 400 g of Lipozyme TL IM.
Having a residence time of 30 min leads to a daily production
of enzymatically interesterified product of close to 30 L. This
indicates that by further scale-up it is feasible to use the system
in an industrial process, but the interesterified product has to
undergo further refining to remove the off-flavor associated with

the 1% to 1.5% FFA formed during the reaction. In the long- free microemulsion systenhppl. Biochem. BiotechnolL995,
term continuous reaction, the enzyme activity reduces. If the 53, 229—244,
flow rate is adjusted to accommodate the activity reduction, it (14) Lee, P.; Swaisgood, H. E. Modification of milkfat physical
should be possible to use the same enzyme for 20 to 30 days. properties by immobilizedPseudomonas fluorescetigase.J.

In general from this study, the packed bed reactor system Agric. Food Chem1997,45, 3343—3349.
can be operated for the interesterification of butterfat with plant (15) Kim, J. S.; Maeng, I. K.; Kim, C. K.; Kwon, Y. J.; Lee, B. O,;
oils from a small scale to a reasonably large scale. The possible Kim, Y. J. Lipase catalyzed acidolysis of butterfat witHino-
influence of butyric acid and cholesterol in butterfat did not lenic acid from perilla oilFood Sci. Biotechnok002,11, 66~
turn out to have a significant impact on the enzyme performance. 70.

Lipozyme TL IM has been given particular concern in this study ~(16) Fletouris, D. J.; Botsoglou, N. A.; Psomas, I. E.; Mantis, A. 1.
due to its activity and potential low cost in comparison with Rapid determination of cholesterol in milk and milk products
other lipases used, which was not discussed in detail in above g};iglres(z:ti sle;%%ngllcagggsajgszgplIlary gas chromatograghy.
sections. This provides a potential possibility for industrial y Sal. o '

imolementation. The i f off-flavor production and ibl (17) Christopherson, S. W.; Glass, R. L. Preparation of milk fat methyl
piementation. The ISsues ot ofi-flavor production and possibie esters by alcoholysis in an essentially nonalcoholic solution.

nonspecificity of products due to acyl migration or other reasons Dairy Sci. 1969,52, 1289—1290.
should be looked into further. (18) Becker, C. C.; Rosenquist, A.; Hglmer, G. Regiospecific analysis
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