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Chemical and Physical Properties of Butterfat —Vegetable Oil
Blend Spread Prepared with Enzymatically Transesterified
Canola Oil and Caprylic Acid
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Structured Lipid was synthesized from canola oil and caprylic acid with sn-1,3 specific lipase from
Rhizomucor miehei. Cold spreadable butter was made by blending butterfat with the SL at a weight
ratio of 80:20. Its chemical and physical properties were compared with pure butter and butterfat—
canola oil 80:20 blend spread. The butterfat—SL blend had lower contents of hypercholesterolemic
fatty acids (FAs) and the lowest atherogenic index (Al) as compared to the others. Melting and
crystallization behaviors of butterfat—SL blend were similar to those of butterfat—canola oil blend
above 0 °C. It showed solid fat contents (SFCs) similar to butterfat—canola oil blend but lower than
pure butterfat. The butterfat—SL blend was shown to crystallize in the g' form. There were no
differences between the hardness of butterfat—SL blend spread and butterfat—canola oil blend spread.
Rheological analysis showed that butterfat—SL blend spread lost its elastic behavior at 5 °C, a lower
temperature than pure butter.

KEYWORDS: Atherogenic index; canola oil; caprylic acid; cold spreadable butter; differential scanning
calorimeter; dynamic stress rheometer; polymorphism; solid fat content; structured lipid; texture analyzer

INTRODUCTION tion temperature and have enhanced nutritional properties, such
as desirable FA profile and lower cholesterol levels as compared
to pure butter (8). They may also provide an acceptable

alternative to some spreads made from partially hydrogenated

has a wide range of fatty acids (FAs) from short chain FAs vegetable oil, such as margarine, which has a high level of trans
(SCFAs, C4—C6) and medium chain FAs (MCFAs,-€812) FA, raising plasma total and low density lipoprotein cholesterol
to long chain FAS (LCFAs, C16—C18), which mainlly exist as 'evels and lowering plasma high density lipoprotein cholesterol
saturated forms (12). Ney (3) reported that butterfat contains Ie_vels (9'10)'_ Canola oil may b_e a good source of vegetable
10% myristic acid (C14:0) and 26% palmitic acid (C16:0) oil to blend with butterfat in making cold spreadable butter due
known as hypercholesterolemic FAs. The cholesterol content © 'S high content of oleic acid having a neutral effect on plasma
in butterfat is known to be 0.25—0.30% (4). Recently, butter total cholesterol level and flavorless properties, making its effect

has been criticized for the hypercholesterolemic attributes arising©" Putter flavor minimal (611).
from its saturated fat and cholesterol contesit ( Structured lipids (SLs) are fats and oils with improved
Butter also has innate physical limitations contrary to nutritional or physical properties because of modifications to
margarine. Butter exists as a solid state and has poor spreadincorporate new FAs or to change the position of existing FAs
ability at refrigeration temperature () while it melts and ~ on the glycerol backbone by chemically or enzymatically
exhibits the exudation of oil (oiling off) at room temperature catalyzed reactions or genetic engineering (12). Canola oil
(23 °C) (6). Lately, growing consumers’ demand for healthy transesterified with caprylic acid, which used in this study, is
fat spreads that are palatable and possess good textural propertied? SL containing MCFA (caprylic acid) at tren-1 andsn-3
has led researchers to attempt the development of several typegositions and LCFAs, such as oleic acid, atshe2 position of
of modified butters and butter-based table spreads. triacylglycerols (TAGs). This type of TAG is known to be more
The spreadability and nutritional properties of butter can be rapidly hydrolyzed and efficiently absorbed than typical long
improved by blending with vegetable oils. Butterfaiegetable ~ chain triacylglycerols (LCTs)X3) and to have a reduced caloric
oil blend spreads already appeared in the U.S. market in thevalue and lower tendency to deposit as depot fat as compared
early 1980s 7). They have improved spreadability at refrigera- With typical LCTs (14). Itis also reported that such an SL made
from vegetable oil and MCFA lowers both plasma cholesterol

*To whom correspondence should be addressed. Tel: 706-542-1067.@Nd tissue cholesterol in humans more significantly than
Fax: 706-542-1050. E-mail: cakoh@uga.edu. conventional polyunsaturated oils5). Therefore, SL made from

Butter is a kind of table spread, which is made from milk or
cream and should contain at least 80% fat (weight per weight,
w/w) according to U.S. FDA standards of identity. Butterfat
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Table 1. Formulation for Pure Butter, Butterfat-Canola Oil 80:20 Blend w/w), and buttermilk powder (1.2%, w/w), which was used as a natural
Spread, and Butterfat-SL? 80:20 Blend Spread (% wiw) emulsifier. The lipid phases were completely melted at’60 The
buttermilk powder and table salt were dissolved thoroughly in skim
pure butterfat—canola oil butterfat—SL 80:20 milk (4 °C). The lipid phase (48C) and the aqueous phase @)
ingredient butter 80:20 blend spread blend spread were poured into a tabletop blender and vigorously mixed for 2 min to
lipid phase emulsify them. The resulting liquid emulsion (4CC) was then
butterfat 80.0 64.0 64.0 crystallized using an ice cream maker (type no. 358, KRUPS North
canola oil 16.0 America, Inc., Peoria, IL), which featured a double insulated bowl! with
SL 16.0 a liquid refrigerant located between the walls. The bowl was frozen
aqueous phase overnight and maintained at around°G during the crystallization.
skim milk 17.6 176 17.6 Crystallization lasted for 10 min, and the final temperature of the spread
table salt 1.2 1.2 12 was 7—8°C. The spreads were tempered at°Z5for 4 h and then
buttermilk powder 12 12 12 worked vigorously with a hand mixer until their textures were smoothed
and any lumps were removed. Spread samples were then tempered for
aSL prepared with enzymatically transesterified canola oil and caprylic acid. at least 2 weeks at 2C prior to experimental usage.

FA Composition Analysis. Canola oil, SL, and each lipid phase
caprylic acid and canola oil containing a high amount of LCFA (100 mg) of spread samples were methylated in 3 mL of 6% HCl in
can be used to produce healthy cold spreadable butterfat methanol at 75°C for 2 h. The FA methyl esters (FAMEs) were
vegetable oil blend spreads, which counterbalance the hyperc-extracted and analyzed by ga&uid chromatography. An Agilent
holesterolemic attributes of butterfat as well as have improved Technologies 6890N gas chromatograph (Agilent Technologies Inc.,
spreadability at refrigeration temperature. P_a_llo Alto,'CA), equipped with a flame ionization detef:tor and a fused

The objective of our study is to synthesize SL containing silica capillary column (DB-225, 30 mx 0.25 mm id., J & W

. . o Scientific, Folsom, CA) was used. The carrier gas was helium, and the
caprylic acid at thesn-1 and -3 positions and LCFAs at the total gas flow rate was 23 mL/min. The injector and detector

sn-2 position from canola oil and caprylic acid usingral,3 temperatures were kept at 250 and 260 respectively. The column
specific immobilized lipase as the biocatalyst and to use the \yas initially held at 40°C for 3 min and programmed to increase to
resulting SL for the preparation of cold spreadable butter by 130°C at the rate of 16C/min. After holding at 130C for 3 min, the
blending butterfat with it. We evaluated several chemical and column was then programmed to increase to 205t the rate of 20
physical properties of the butterfaBL blend spread and  °C/min. The FAMEs were identified, and their relative contents were

compared those to existing pure butter and butterdanola oil calculated as weight% with heptadecanoic acid (C17:0) as an internal

blend spreads to examine the possibility of its usage as coldstandard.

spreadable and healthy butter spread products. TAG Separation. The TAG was separated from pure butterfat,
butterfat—canola oil 80:20 blend, and butterf&l 80:20 blend using

MATERIALS AND METHODS AOCS Official Method Cd 11e93 (18) with modification, respectively.

Each lipid sample (2 g) was mixed with silica gel (8 g) in a mortar

Materials. Butter was obtained from a local grocery store and stored and rubbed with a pestle. This silica gel mixed with lipid sample was
at —20 °C until experimental use. Canola oil was purchased from a poured into the column (230 mnx 25 mm i.d., Bio-Rad Lab.,
local grocery store and used without further treatment. Caprylic acid Richmond, CA), and then, pure silica gel (10 g) was added onto the
(C8:0, purity > 98%) was purchased from Aldrich Chemical Co. top of silica gel containing sample. After the silica gel was packing,
(Milwaukee, WI). Asn-1,3 specific immobilized lipase froihizo- an Econo-Column flow adaptor (Bio-Rad Lab.) was inserted into the
mucor miehe(Lipozyme RM IM) was obtained from Novozymes North  column. To elute the TAG fraction from the lipid sample, 250 mL of
America |r_1c. (_Eranklinton, NC). All other reagents were purchased from diethyl ether in hexane solvent (10:90, v/v) was passed through the
Fisher Scientific (Fair Lawn, NJ). column from bottom to top at a flow rate of 1 mL/min. Eluted TAG

Anhydrous Butterfat Preparation. Butter was melted at 60C, fractions were thoroughly evaporated under vacuum and a stream of

and the top butterfat layer was decanted into a separatory funnel andpjtrogen to remove the solvent. The TAG fractions prepared from each
washed three times with its same volume of water. Anhydrous sodium jiniq sample were used for thermal analysis and polymorphic forms

sulfate (10%, w/w) was then added to the butterfat and stood for 30 study.
min to remove residual moisture. The butterfat was filtered through a
Whatman no. 1 under vacuum, and pure anhydrous butterfat was
obtained and stored at20 °C until needed.

SL Production. The SL was synthesized according to the apparatus
setup and optimal conditions previously report&€) for reacting canola
oil and caprylic acid in a continuous packed bed bioreactor; substrate

flow rate, 1 mL/min; temperature, 6C; and substrate mole ratio, 1:5 q h | A e 6610 h icall led
(canola oil:caprylic acid). The product was purified using a KDL-4 \as used as the coolant. A sample 61l mg was hermetically seale

short path distillation unit (UIC Inc., Joliet, IL). The SL was passed in a 30uL capacity aluminum pan (Perkin-EImer),_with an empty sealed
through the distillation apparatus five times under the following Pan used as a reference. Samples were rapidly heated from room
conditions: holding temperature, 26: heating oil temperature, 185 temperat_ure to 86C a'nd held at this temperat_ure for 10 min to destroy
°C; cooling water temperature, $6; and vacuum pressure50 mbar. any previous crystalline structure, before being cooleet4@ °C at a

Lipid Blend Preparation. The 80:20 (w/w) blends of butterfat and rate of 10°C/min to obtain the crystallization profiles. After they were

canola oil or SL were prepared, respectively. The blends were preparedn€!d for 30 min at-40 °C, samples were heated to 80 at a rate of

Thermal Analysis. The melting and crystallization profiles of TAG
fractions separated from spread samples were determined by differential
scanning calorimetry (DSC) on a Perkin-Elmer model DSC7 (Norwalk,
CT). The analysis was performed according to the AOCS recommended
procedure Cj £94 (19). Normal standardization was performed with
Indium (mp 156.60C, AH 28.45 J/g) as a reference standard. Dry ice

after completely melting butterfat at 6C and stored at-20 °C until 5 °C/min to generate melting profiles. The thermograms were analyzed
needed. by the software provided with the DSC (Pyris software, Perkin-Elmer,
Shelton, CT).

Spread Manufacture. The spread was produced according to the
method of Kaylegian and Lindsay (17) with a slight modification. The ~ Solid Fat Content (SFC). The SFC was determined by AOCS
spread formulation used in the experiments is showFable 1. Each Official Method Cd 16-81 (20). NMR measurements were made using
spread consisted of lipid phase (80%, w/w) and aqueous phase (20%2a MARAN-20 pulsed NMR spectrometer (Resonance Instruments Ltd.,
w/w). The kinds of lipid phases were as follows: 100% butterfat, 80: Oxon, United Kingdom). Samples were tempered at ADfor 15 min
20% butterfat—canola oil blend, and 80:20% butterfat blend. The and then placed at 6TC for 10 min followed by 0°C for 60 min and
aqueous phase consisted of skim milk (17.6%, w/w), table salt (1.2%, finally 30 min at each chosen measuring temperature. Olive oil was
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Table 2. FA Composition in TAG of Pure Butterfat, Butterfat—Canola Oil 80:20 Blend, and Butterfat—SL 80:20 Blend (mol %)?

butterfat—canola butterfat—=SL
FA canola oil SLb butterfat oil blend blend

C4.0 88+0.1A 75+018B 53+0.1C
C6:0 80+00A 72+0.3B 53+02C
C8:.0 80.2+0.1 49+00B 54+17B 245+05A
C10:0 89+0.1A 84+03A 6.3+0.1B
C12:.0 81+0.1A 72+01B 57+01C
C14:.0 176 +0.2A 16.0+0.1B 128+0.1C
Cl4:1 1.7+00A 15+0.08B 12+£00C
C16:.0 9.8+05 1.3+£00 252+03A 23.7+£09A 19.7+068B
C16:1 03+0.1A 03+£0.1A 02+00A
C18:.0 33+00A 28+01B 25+00C
C18:1n-9 60.3+0.0 11.8+0.2 121+£0.28B 16.1+£0.7A 13.4+0.3B
C18:2n-6 23.1+05 53+0.0 11+01C 32+0.1A 26+0.28B
C18:3n-3 6.8+0.0 14+0.1 0.7+00A 05+00B
SFA 9.8+05 81.6+0.1 84.8+0.3A 782+05C 82.0+028B
USFA 90.2+05 18.4+0.1 152+03C 21.8+05A 18.0+0.2B
Al¢ 0.11 0.07 6.81 4.35 4.26

aMean + SD, n = 2; means with the same letter in the same row are not significantly different (P < 0.05). ? SL prepared with enzymatically transesterified canola oil
and caprylic acid. ¢ Al = [(mol % of C12:0) + 4(mol % of C14:0) + (mol % of C16:0))/(mol % of USFA).

used as the reference oil. The SFC was measured°@t ibtervals determined using Duncan’s multiple range test as a procedure of mean
from 5 to 45 °C. separation (P< 0.05).
X-ray Diffraction (XRD) Spectroscopy. The polymorphic forms
of TAG fractions separated from spread samples were determined byRESULTS AND DISCUSSION
ARL Scintag XDS 2000 (Ecublens, Switzerland) automated diffrac- . )
tometer. The diffractometer had & Zonfiguration, a solid state FA Composition and Atherogenic Index (Al). After
detector, and a cobalt tube as the X-ray source. The generation powerpurification by short path distillation, SL contained 0.10% FFA.
for all sample runs was set at 40 kV and 40 mA. Tigerange used The FFA contents of commercial canola oil and anhydrous pure
was from 18 to 32 and the scan rate was 2/@in. Samples were  putterfat separated from commercial butter were 0.03%, re-
melted and poured into rectangular plastic molds on cold glass plates.spectively. Generally, fats and oils having below 0.10% FFA
They were solidified at room temperature and then kept at refrigeration 5, accepted as ingredients for food products so they could be
temperature for 12 h. Short spacings of the major polymorphs are as1sed in making our recombinant butter spread samples
follows: «, a single spacing at 4.15 /8, two strong spacings at 3.8 e o
and 4.2 A; ang, a very strong spacing at 4.6 and another one usually FA compositions of the total TAG and at tse-2 posmqn
at 3.85 A (21). of the TAG of canola oil, SL, butterfat, butterfatanola oil
Texture Analysis. The hardness of each spread sample was 80:20 (w/w) blend, and butterfat—SL 80:20 (wiw) blend are

measured at 4 and 2 using a TA-XT2 texture analyzer (Stable ~ 9iven in Tables 2and 3, respectively. SL incorporated with
Micro Systems Ltd., London, United Kingdom). A %Bonical probe ~ 80.2% caprylic acid was successfully synthesized from canola
penetrated into the sample at 1 mm/s to a depth of 5 mm from the 0il (Table 2). About 16.4% caprylic acid was also found at the
sample surface and then was withdrawn at the same speed. Duringsn-2 position Table 3), indicating that acyl migration occurred
penetration, the force increased up until the point of maximum during the transesterification reaction, short path distillation, or
penetration depth. The penetration force (g) was reported as hardnesssn-2 positional analysis (226).
Triplicate readings for each sample were obtained. Table 2 shows that the butterfaiSL blend had significantly
Rheological AnalysisViscoelastic properties of each spread sample (P < 0.05) lower contents of hypercholesterolemic FAs, such
were analyzed using an SR5000 dynamic stress rheometer (FiheometricaS lauric, myristic, and palmitic acids, than pure butterfat and
Scientific, Piscataway, NJ). Parallel plate geometry was used with a butterfat-canola oil blend. Ulbricht and Southga@¥} proposed
diameter of 40 mm and a gap of 0.5 mm. Temperature control was an Al which is calculatéd by the contents of such hypercho-

carried out using a peltier element. Small amplitude oscillatory ) .
experiments were carried out within the linear viscoelastic region of lesterolemic FAs and unsaturated FAs (USFAs) present in the

each sample. A stress sweep ranging from 10 to 1000 Pa was used tdiPids, as an indicator of dietary risk. The butterf&L blend
determine the linear viscoelastic region for each sample. The storageshowed the lowest Al as compared to pure butterfat and
modulus (G') was measured by an on-line computer for all samples. butterfat-canola oil blend. These hypercholesterolemic FAs also
The temperature was set at UG for samples. Oscillatory measurements  existed at thesn-2 position of the TAG of butterfatSL blend

as a function of temperature were also performed. The experimentsat significantly P < 0.05) lowest levels as compared to the
were carried out by heating the samples from 5 t¢@0n step of 5 pyre butterfat and butterfat—canola oil blend (Table 3). The
°C. A stress of 100 Pa, a frequency of 0.5 Hz, and a gap of 0.5 mm pag present at then-2 position of the TAG are preferentially
were maintained. At each step, the sample was quickly heated to theabsorbed and stored in human bodies as compared to the FAS
desired temperature and allowed to equilibrate at that temperature befor%cated at thesn-1 or sn-3 positions because TAGs are

readings were obtained. hvdrolvzed into FA d 2 lal Is (2-MAGS) b
Other Analytical Methods. Free FA (FFA) contents of lipid samples ydrolyzed Into s and 2-monoacylglycerols (2- s) by

were determined by AOCS Official Method Ca 5a—40 (28)-2 lipoprotein lipase and 2-MAGs readily form mixed micelles with
positional analysis of FA in TAG molecule was done using the bile salts (3, 28). The difference in metabolic aspects of FAs

pancreatic lipase hydrolysis method (23). by positional distribution in TAG also suggests that lower
Statistical Analysis. Statistical analysis was conducted with the SAS ~ contents of hypercholesterolemic FAs at #re2 position of

software package2@t). One-way analysis of variance (ANOVA) was ~ TAG of butterfat-SL blend may show a decreased hypercho-

performed to determine the differences among spread samples. Wheresterolemic effect as compared to pure butterfat and butterfat

F values for the ANOVA were significant, differences in means were canola oil blend. These results suggest that SL can successfully



Properties of Butterfat—SL Blend Spread

J. Agric. Food Chem., Vol. 53, No. 12, 2005 4957

Table 3. FA Composition at sn-2 Position of TAG of Pure Butterfat, Butterfat—Canola Oil 80:20 Blend, and Butterfat—SL 80:20 Blend (mol %)?2

butterfat—canola

butterfat—=SL

FA canola oil SLb butterfat oil blend blend

C4.0

C6:0 04+0.1A 03+00A 03+00A
C8:.0 16.4+0.1 15+028B 14+£008B 37+01A
C10:0 70£05A 6.2+0.0AB 6.1+0.18B
C12:.0 88+04A 76+008B 73+0.18B
C14.0 264+05A 232+018B 222+00C
Cl4:1 16+0.1A 15+008B 14+£008B
C16:.0 0.7+0.0 1.6+00 33.0+£05A 29.8+0.18B 283+03C
C16:1 0.3+0.0 24+0.1A 22+00B 20+0.1B
C18:.0 29+02A 25+0.1A 24+0.1A
C18:1n-9 52905 445+0.2 13.3+098B 176 +0.2A 178+ 0.0A
C18:2n-6 33.7+£04 27.1+£0.0 25+0.1C 6.0+0.08B 6.5+0.1A
C18:3n-3 124+0.0 104+0.0 02+£00C 1.7+0.0B 20+00A
SFA 0.7+0.0 18.0+0.1 79.9+08A 711+£0.18B 704+018B
USFA 99.3+£0.0 82.0+0.1 20.1+£088B 289+0.1A 296+0.1A

aMean + SD, n = 2; means with the same letter in the same row are not significantly different (P < 0.05). b SL prepared with enzymatically transesterified canola oil
and caprylic acid.

Table 4. Comparison of DSC Melting Properties of TAGs Separated from Canola Oil and SL@

To (°C)P T, (°C)° T. (°C)? AH (Jlg)e
canola oil -34.95+0.18 A -33.11+0.06 B -28.25+£0.21A 2.07+£0.258B
SLf -3427+0.25A -29.86 £ 0.18 A -2827+0.14A 70.17£0.49 A

aMean + SD, n = 2; means with the same letter in the same column are not significantly different (P < 0.05). ? Melting onset temperature. ¢ Melting peak temperature.
@ Melting completion temperature. € Melting enthalpy. / SL prepared with enzymatically transesterified canola oil and caprylic acid.

counterbalance the hypercholesterolemic attributes of butterfat III
when used in making butter spread.

Melting and Crystallization Behaviors. Melting and crystal- l
lization behaviors of TAG fractions separated from each spread
sample were evaluated by DSC. The approxiniaté—34 °C)
andT, (—28°C) of both canola oil and SL were very similar to
each other (Table 4). It means that when SL is substituted for
canola oil to blend with butterfat for making cold spreadable
butter, it shows almost the same melting point as canola oil.
However, SL exhibited about 35 times higher enthalpy values
than canola oil, which suggested that much more energy wasz
necessary to drive the melting of SL. However, because spreadg
products are usually stored at refrigeration temperature and usetﬁo
above refrigeration temperature, their melting behaviors nearg |
the melting point are expected to have no effect on the melting [
behaviors of the spread products made with them.

Figure 1 shows melting curves of TAG fractions separated
from each spread sample. The melting range of both butterfat
SL blend and butterfat—SL blend shifted from higher to lower
temperature as compared to that of pure butterfat at the overall
temperature range. The melting profile abov&Xis especially 40 30 -20 -10 O 10 20 30 40 50 60 70 80
important because, as mentioned above, spread products are
usually stored and served at refrigeration or room temperatures.
Therefore, the two melting peaks having similar patterns and
shapes to each other above®© were labeled as | (a narrow
peak at lower temperature) and Il (a broad peak at higher
temperature), respectively, and their onset and peak temperature
were compared to each other ihable 5. Because both
butterfat—canola oil blend and butterfeBL blend have peak |  between those of butterfat—canola oil blend and butter$t
with a small shoulder peak occurring at a slightly higher blend. For peak I, both butterfatanola oil blend and
temperature, peak | is again differentiated into I-1 and I-2, butterfat-SL blend showed significantly?(< 0.05) lower onset
respectively. In the case of peak I-1, both onset and peaktemperatures as compared to that of pure butterfat, whereas there
temperatures of both butterfatanola oil blend and butterfat is no significant (P< 0.05) difference between peak temper-
SL blend were significantly loweiR < 0.05) than those of peak  atures of all of the samples.
| of pure butterfat. For peak I-2, only peak temperatures can be  The crystallization curves of TAG fractions of each spread
obtained and a significanP(< 0.05) difference was not found  sample are shown iRigure 2. Similar to trends in their melting

heat flow (mW)

Temperature (°C)

Figure 1. DSC melting thermograms of TAGs separated from each spread
sample: (A) pure butterfat, (B) butterfat—canola oil 80:20 blend, and (C)
butterfat—SL 80:20 blend; SL indicates the SL prepared with enzymatically
gansesterified canola oil and caprylic acid.
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Table 5. Comparison of DSC Melting Properties of TAGs Separated from Pure Butterfat, Butterfat—Canola Oil 80:20 Blend, and Butterfat—SL 80:20
Blend?

peak I-1 peak I-2 peak Il
T (°C) T (°C) % (°C) 5 (°C) T (°C) 5 (°0)
butterfat 442 £0.68 A 7.02+0.24 A 18.00+£0.26 A 2768 +0.35A
butterfat—canola oil blend -0.16+£0.26 B 393+0.12B 789+0.18A 17.35+0.20 AB 25.72+1.00 A
butterfat-SL¢blend -1.01+0.15B 327+0.00C 743+024A 16.70+£0.23B 26.56 +0.06 A

aMean + SD, n = 2; means with the same letter in the same column are not significantly different (P < 0.05). ? Melting onset temperature. ¢ Melting peak temperature.
4SL prepared with enzymatically transesterified canola oil and caprylic acid.

Table 6. Comparison of DSC Crystallization Properties of TAGs Separated from Pure Butterfat, Butterfat—Canola Oil 80:20 Blend, and Butterfat—SL
80:20 Blend?

peak | peak Il
To (°C)P To (°C)° To (°C) Tp (°C)
butterfat 8.02+£0.04 A 6.38+0.12A 359+0.19A 0.38+0.12A
butterfat—canola oil blend 6.69+£055B 488+0.35B 131+£010C -220+0.24B
butterfat—SLblend 6.52+0.09B 497+£0.00B 1.72+0.04B -295+0.12C

aMean + SD, n = 2; means with the same letter in the same column are not significantly different (P < 0.05). b Crystallization onset temperature. ¢ Crystallization peak
temperature. 9 SL prepared with enzymatically transesterified canola oil and caprylic acid.

40 y
—e— pure butterfat
% —a— butterfat-canola oil 80:20 blend
I A .30 —a—: butterfat-SL 80:20 blend

it 2

l l t 25
= 2
= c
E 8 20
2 L5
= )
3 5
2 @ 10
®
£
@ 5
£
°
=5 0

5 10 15 20 25 30 35 40 45
Temperature(°C)

Figure 3. SFCs of pure butterfat, butterfat—canola oil 80:20 blend, and
butterfat—SL 80:20 blend; SL indicates the SL prepared with enzymatically
transesterified canola oil and caprylic acid.

40 -3 -20 100 10 20 30 40 S0 60 70 80 of peak Il, the onset temperature of butterfSL blend was

Temperature (°C) slightly higher than that of butterfat—canola oil blend but its
Figure 2. DSC crystallization thermograms of TAGs separated from each peak temperature was slightly lower than that of butterfat
spread sample: (A) pure butterfat, (B) butterfat—canola oil 80:20 blend, canola oil blend. Both butterfattanola oil blend and butterfat
and (C) butterfat-SL 80:20 blend; SL indicates the SL prepared with SL blend also showed significantl? (< 0.05) lower onset and
enzymatically transesterified canola oil and caprylic acid. peak temperatures as compared to those of pure butterfat.
In summary, both butterfaicanola oil blend and butterfat
curves, the crystallization ranges of both butterfzanola oil SL blend have lower melting and crystallization ranges as

blend and butterfat—SL blend shifted from higher to lower compared to those of pure butterfat, whereas similar patterns
temperatures as compared to that of pure butterfat at overallcan be found between those of both butterfznola oil blend
temperature ranges. Each crystallization curve abot@ bas and butterfat—SL blend. These results suggest two facts as
two peaks showing similar patterns and shapes to each otherfollows: First, SL can substitute for canola oil, which is already
One is a broad peak at a lower temperature, and the other is a!sed in making commercial cold spreadable butter due to its
narrow peak at a higher temperature, respectively. Therefore,similar melting and crystallization behaviors to those of canola
the two peaks were labeled as | and II, respectively, and then, 0il above 0°C; second, butter spread made with butterfat—SL

their onset and peak temperatures were compardaiie 6. blend can have improved spreadability at lower temperature
Both onset and peak temperatures of peak | in buttedahola because it would have lower meltlng and crystallizing temper-
oil blend and butterfatSL blend were significantlyR < 0.05) atures as compared to commercial butter.

lower than those in pure butterfat. However, there is no  SFC.SFC is related with several physical characteristics of
significant (P < 0.05) difference between those of both table spread, such as cold spreadability, which means how well
butterfat-canola oil blend and butterfaSL blend. For the case  spread products can be spread at refrigeration temperature. Cold
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Figure 4. XRD spectroscopy of pure butterfat (A), butterfat—canola oil
80:20 blend (B), and butterfat—SL 80:20 blend (C); SL indicates the SL
prepared with enzymatically transesterified canola oil and caprylic acid.
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Table 7. Comparison of Hardness of Pure Butter, Butterfat—Canola Oil
80:20 Blend Spread, and Butterfat—SL 80:20 Blend Spread at Different
Temperatures (g)?

4°C 23°C
butter 2107.1+107.2A 3770226 A
butterfat—canola oil blend spread 14173+71.78B 256.4+254B
butterfat—SL? blend spread 14244+ 49.1B 279.7+254B

@Mean + SD, n = 3; means with the same letter in the same column are not
significantly different (P < 0.05). © SL prepared with enzymatically transesterified
canola oil and caprylic acid.

pure butterfat at 540 °C, which means that SL can substitute
for canola oil for making cold spreadable butter.

Polymorphism. Most TAG molecules of lipid exhibit poly-
morphism, referring to their property to exist in several different
crystalline forms 29). XRD spectroscopy data can provide the
information about the polymorphism of TAG. TAG is known
to primarily occur in any of three basic polymorphic forms;

p', and 3. The ' form is considered as the most desirable
crystalline form of TAG existing in the table spreads, such as
butter and margarine, because of its properties to give smooth
mouth feel and to hold a large amount of liquid oil, which
originated from a fine arrangement and a large surface area of
solid fat crystals (30—32).

In the XRD analysis, all TAG fractions separated from
butterfat, butterfat—canola oil blend, and butteHf&L blend
showed two strong peaks at 4.2 and 3.8 A, indicating that their
crystalline structures ar@ forms (Figure 4). This means that
butter spreads made with butterfat, butterfeanola oil blend,
and butterfat SL blend would also have the desirable crystalline
structure of8' forms. In addition, the butter spreads are expected
to have thef' crystal forms because of using an ice cream
maker, a type of scraped surface heat exchangers for making
butter spreads. deMan et &82j reported that the. crystal was
formed first and then thg' crystal was formed by scraped
surface heat exchanger, which quickly cools the emulsion of
the liquid state to below 10C, resulting in the formation of
many nucleation sites during crystallization process.

Textural Property. The hardness of each spread sample was
evaluated by texture profile analysis (TPA) done instrumentally.
Wright et al. 33) reported that the hardness is inversely
correlated with the spreadability in butter. Hardness has been
also reported to predict the spreadability of some other types
of spread products, such as margarine and peanut b@der (
35). There were no significanP(< 0.05) differences between
the hardness of butterfaSL blend spread and butterfatanola
oil blend spread at both refrigeration and room temperatures
(Table 7). Both butterfat canola oil blend spread and butterfat
SL blend spread were also significantly € 0.05) softer than
pure butter at both refrigeration and room temperatures. At
refrigeration temperature, butterfat—SL blend spread and but-

spreadability of butter spreads may be evaluated by SFCs interfat—canola oil were 32.4 and 32.7% softer than butter,
the temperature range of4.0 °C. Lida and Ali 9) reported respectively. At room temperature, butterf&L blend spread
that SFC of table spread should be less than 32% &Cl and butterfat canola oil blend spread were 25.8 and 32.0%
have good spreadability at refrigeration temperature. The softer than pure butter, respectively. These results indicate that
relationships between SFC and temperature of the lipid fractions butterfat—SL blend spread is potentially more spreadable than
separated from each spread sample are showigure 3. Pure pure butter.

butterfat shows 32.4% of SFC at 2C, whereas butterfat Rheological Property.Butter is a semisolid food; that is, it
canola oil blend and butterfaSL blend represent 22.5 and behaves as a viscoelastic material possessing both solidlike (or
23.8% of SFC at 10°C, respectively, which suggests that elastic) and liquidlike (or viscous) characteristics. Changes in
butterfat—SL blend can be successfully used for making cold viscoelastic properties of spread samples according to temper-
spreadable butter. SFCs of butterf&L blend were also similar  ature changes were analyzed using a dynamic stress rheometer.
to those of butterfatcanola oil blend but lower than those of The value of storage modulu&/) can be used as a measure of
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Figure 5. Rheological data, G', and G'' vs temperature of each sample:
(A) pure butter, (B) butterfat—canola oil 80:20 blend spread, and (C)

butterfat—SL 80:20 blend spread; SL indicates the SL prepared with
enzymatically transesterified canola oil and caprylic acid.

elastic behavior, and loss moduli3') can be used for viscous
behavior of spread samples. The values of l&&thndG" were

Kim and Akoh

The G’ value is expected to be affected by SF&Y. When
this result is compared with SFC dateidure 3), about 5% of
SFC is shown to be the critical point where butter spreads can
have elastic characteristics. After 20, all of the spread samples
showed highe@" values tharG', indicating that butter spreads
show more viscous behavior than elastic behavior at room
temperature.

In conclusion, butterfat—SL blend can be expected to
successfully substitute for butterfatanola oil blend in making
cold spreadable butter because SL has similar physical char-
acteristics, such as melting and crystallizing behaviors and SFCs
above 0°C, to those of canola oil. Butterfat—SL blend spread
showed more desirable textural attributes, such as improved
spreadability, which can be surmised from decreased hardness
and more desirable nutritional properties, such as decreased
hypercholesterolemic FA contents in both total TAG and the
sn-2 position of the TAG as compared to pure butter. Therefore,
SL prepared enzymatically from canola oil and caprylic acid
can be used for making healthy and cold spreadable butter.

ABBREVIATIONS USED

Al, atherogenic index; DSC, differential scanning calorimetry;
FA, fatty acid; FAME, FA methyl ester; FFA, free FA; LCFA,
long chain FA; LCT, long chain triacylglycerol; MCFA, medium
chain FA; SCFA, short chain FA; SFA, saturated FA; SFC, solid
fat content; SL, structured lipid; TAG, triacylglycerol; USFA,
unsaturated FA; w/w, weight per weight; XRD, X-ray diffrac-
tion.
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