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A delivery system for bioactive conjugated linoleic acid (CLA) through a self-assembled amylose-CLA

complex was investigated in comparison with a β-cyclodextrin (BCD)-CLA complex. Successful

complexation between CLA and amylose or BCD was confirmed by differential scanning calorimetry,

X-ray diffraction, and Fourier transform infrared spectral analysis. The yield and complexing percen-

tages were 71.9 and 1.4% for the amylose-CLA complex and 42.3 and 7.7% for the BCD-CLA

complex, respectively. However, the amylose-CLA complex showed a better antioxidative protection

effect on CLA than BCD-CLA complex, supporting a strong complexing interaction between CLA and

amylose shown by thermogravimetric analysis. Compared to 15.9% of CLA released from the

BCD-CLA complex under simulated small intestine conditions, 95.6% of CLA was released from

the amylose-CLA complex. These results indicate that an amylose-lipid complex self-assembled

in the natural way of food component interaction can be used to protect and deliver functional lipids

or other bioactive components into the targeted small intestine for absorption.
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INTRODUCTION

Conjugated linoleic acid (CLA) is a collective term for a
mixture of geometric and positional isomers of linoleic acid with
a conjugated double bond starting from carbon 7, 8, 9, 10, or
11 (1).As a representive of polyunsaturated fatty acids (PUFA), it
has been shown to have various health benefits, such as anti-
diabetes, antiadipogenesis, and anticarcinogenesis activities (2).
Some clinical studies also showed positive results in reducing
body fat mass (3, 4) and increasing the resting metabolic rate
without body weight changes(5). As obesity is a well-known risk
factor to manymetabolic diseases, reducing body fat through the
consumption of CLA would decrease the incidence of these
chronic diseases, and functional foods containing CLA would
have a great potential to bring health benefits to consumers.

With the inherent structure of conjugated double bonds in
CLA,which is highly susceptible to oxidative degradation leading
to a loss of its bioactivity (6-8), there have been a number of
studies focusing on improving the oxidative stability of CLA
through physical or chemical methods. Green tea catechins
(GTC) were shown to be effective as an antioxidant in protecting
CLA from oxidation (8); polyethylene glycol (PEG) was reported
to protect CLA from oxidation by covalent attachment of CLA
to PEG (9); CLAmicroencapsulation using polymeric emulsifiers
such as whey protein concentrate and gum arabic has also been
reported (10,11) for foodapplications.Apparently, enrichment of
bioactive CLA in foods represents an important research area
in functional food, and the technical difficulties in delivering
sufficient amounts of bioactive CLA through foods to have the

desired physiological effects merit further exploration of novel
delivery systems with superior properties in CLA-related
functional food development.

The development of a protective delivery system for CLA
based on the self-assembly property of soft matter is a newly
emerged research area, and amylose and cyclodextrin are two
classical examples. Amylose with a helical molecular structure
can be self-assembled into an inclusion complex with many
compounds, such as free fatty acids, through hydrophobic inter-
action (12, 13), and the possibility of using this complex as a
carrier for CLAhas been reported (14). Cyclodextrin (CD),which
is commonly used in food product development for various
purposes, can also form an inclusion complex with hydrophobic
molecules(15) through self-assembly, and a β-cyclodextrin
(BCD)-CLA complex has also been reported for its antioxida-
tive protection of CLA (16, 17). However, most research results
were focused on the in vitro oxidative stability, whereas research
data on the delivery efficiency of CLA through these self-
assembled complexes are scarce; additionally, few investigations
have been done to compare the superiority between these two
classical self-assembled delivery systems. Therefore, the antiox-
idative property and the targeted delivery of CLA using these two
delivery systems were compared in this study, and it is expected
this study will increase the knowledge pool of the self-assembly
of soft food materials and their applications in delivering CLA
or other functional compounds.

MATERIALS AND METHODS

Conjugated linoleic acid (O5507, a mixture of cis- and trans-
9,11- and -10,12-octadecadienoic acids, linoleic acid <1%),*Corresponding author (e-mail genyiz@gmail.com).
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R-amylase (A3176, from porcine pancreas, EC 3.2.1.1), and
pepsin (P7000, from porcine gastric mucosa, EC 3.4.23.1) were
purchased from Sigma-Aldrich (Shanghai) Trading Co., Ltd.
(Shanghai, China). Amyloglucosidase (EC 3.2.1.3) was obtained
from Genencor (Wuxi) Bio-Products Pte Ltd. (Jiangsu, China).
BCD (chemical pure) was from China National Medicines Cor-
poration Ltd. (Shanghai, China). Amylose was isolated from
potato starch using 1-butanol for selective precipitation(18).

Amylose-CLA Complex Preparation. Complexation of amylose
with CLA was operated in a dimethyl sulfoxide (DMSO)/water solu-
tion (14). Briefly, amylose solution was prepared by dissolving amylose in
DMSO (20mg of amylose/mL ofDMSO) at 90 �C and then was cooled to
30 �C. After dissolution of CLA in the amylose solution, distilled water at
30 �C was added, and the mixture was stirred for 15 min to form an
amylose-CLA complex; NaCl solution (5%, w/v) was added to facilitate
precipitation of the complex. The precipitated complex was separated by
centrifugation and washed twice with ethanol (50%, v/v) to remove
uncomplexed CLA. The complex was then vacuum-dried for fur-
ther analysis. The yield of the complex was calculated according to
the following formula: yield (%) = (mg of complex/mg of amylose and
CLA) � 100.

BCD-CLA Complex Preparation. Complexation of BCD with
CLAwas carried out in ethanol/water solution (16). BCDwas dispersed in
distilled water and mixed with CLA (mole ratio of CLA/BCD was 1:1) in
95% ethanol solution. The mixture was stirred at 70 �C for 5 min and then
cooled to room temperature for 4 h.After precipitation at 4 �C for 24 h, the
precipitate was separated by vacuum filtration and washed by petroleum
ether to remove uncomplexed CLA. The yield of the complex (%) was
calculated in the same way as above.

Complexing Percentage Determination. Complexing percentage
represents the amount of complexed CLA compared to the total amount
of the complex, and its calculation was based upon sufficient extraction of
CLA from the complexes. Amylose-CLA complex (15mg) was incubated
in 1 mL of enzyme solution (R-amylase, 200 units/mL; amyloglucosidase,
160 units/mL; CaCl2, 0.01 mol/L; pH 5.2, 37 �C) until complete digestion
of the complex, and the releasedCLAwas extractedwith hexane, followed
by gas chromatography (GC) quantitative analysis (14). BCD-CLA
complex (20 mg) was heated with distilled water (1 mL) and hexane
(1.5 mL) in a small flask equipped with a condenser at 80 �C for 20 min
with intermittent shaking. After cooling, the hexane layer containing CLA
was separated and the aqueous layer was extracted with the same volume
of hexane another three times. All of the CLA in the hexane layer was
collected and then quantified. Complexing percentage = (mg of CLA
released from complex/mg of the corresponding complex) � 100.

A GC instrument (Shimadzu GC-2010AF, Nanjing, China) equipped
with a flame ionization detector (FID) and a CP-Wax 52 CB column (30 m
length, 0.32 mm i.d. and 0.5 μm film thickness) was used to quantify the
methyl ester of CLA. The temperature program was from 120 �C (main-
tained for 3 min) to 190 �C (maintained for 0.1 min) at a rate of 10 �C/min
and then to 220 at 2 �C/min (maintained for 20min). Both inlet anddetector
temperatures were 250 �C. The flow rates of nitrogen carrier gas, hydrogen
combustion gas, combustion-supporting air, and nitrogenmakeupgaswere
3, 47, 400, and 30 mL/min, respectively. Peaks were identified by compar-
ison with CLA standard from Sigma Chemical Co., and the methyl ester of
CLA was quantified by using heptadecanoic acid as internal standard.

Differential Scanning Calorimetry (DSC). A Perkin-Elmer Pyris
1 DSC instrument (Perkin-Elmer Corp., Shanghai, China) was used to
examine the thermal properties of the complexes. Amylose and amylose-
CLA complex samples (5.0 mg) and distilled water (three times the weight
of the solid) were sealed in aluminum pans to equilibrate overnight. The
DSC scan was carried out from 30 to 150 �C at a rate of 5 �C/min. The
DSC measurements of BCD and BCD-CLA complex samples (5.0 mg)
were scanned from 30 to 200 �C at a heating rate of 4 �C/min.

X-ray Diffraction (XRD). A Bruker D8-Advance diffractometer
(Bruker AXS Corp., Nanjing, China) equipped with Cu KR radiation at
40 kV and 40 mA was used to obtain the X-ray diffractograms of the
complexes. Amylose and amylose-CLA complex were scanned from 3� to
30� 2θ at a rate of 0.02�/3 s, whereas BCD and BCD-CLA complex were
scanned from 2� to 45� 2θ at the same rate.

Fourier Transform Infrared Spectral (FTIR) Analysis. A
Nicolet Nexus 470 Fourier transform infrared spectrometer (Thermo

Electron Corp.) equipped with a DTGS detector and EZ Omnic (version
7.0) was used to obtain the spectrograms of the complexes. Accurately
weighed samples andKBr (100 times the weight of each sample) were fully
milled together and then squashed to get the infrared information by
accumulating 32 scans per spectra at a resolution of 4 cm-1.

Thermogravimetric Analysis (TGA). A Mettler Toledo TGA/
SDTA851e thermogravimeter (Mettler Toledo Corp., Zurich, Switzerland)
with STARe software (version 9.01) was used to analyze the thermal
stability of the complexes. Samples (2.0 mg in each 70 μL alumina pan)
were heated from 50 to 400 �C (10 �C/min) under nitrogen gas flow
(20 mL/min).

Antioxidation Test. The antioxidative protection effect of the com-
plexes for CLA was evaluated by measuring peroxide values (POV) of
CLA after the samples had been stored at 68 �C for different time periods.
CLA (1.0-100.0 mg) was dissolved and diluted to 10 mL by chloroform/
methanol (7:3, v/v) solution and mixed with ferrous chloride solution
(0.05 mL, 3.5 mg/mL) and then potassium thiocyanate solution (0.05 mL,
300 mg/mL). The absorption was measured using a 722 grating spec-
trophotometer (Shanghai Precision and Scientific Instrument Corp.,
Shanghai, China) at 500 nm after at 5 min hold at room temperature.
To make a standard curve for quantitative analysis, a series of iron
standard solution was measured as above but without the addition of
ferrous chloride solution. The POV was calculated according to the
formula POV (mequiv/kg) = (c - c0)/(m � 55.84 � 2), where c and c0
are the iron weight (μg) of the test sample and sample blank on the iron
standard curve, respectively,m is the weight (g) of CLA in the test sample,
55.84 is the atomic weight of iron, and 2 is a converting factor. The iron
standard solution (1 mg/mL) was prepared by dissolving reduced iron
powder in hydrochloric acid and then diluted to 10.0 μg/mL using
chloroform/methanol (7:3, v/v) solution. The POV of the CLA in the
complexes was determined after ultrasonic extraction using chloroform/
methanol (7:3, v/v) solution as solvent.

Release Test (A): Simulated Stomach Conditions. The release of
CLA from the complexes in simulated stomach conditionswas determined
after the hydrolysis of amylose-CLA complex and BCD-CLA complex
in simulated gastric juice. Complexes (15.0 mg) were incubated in 1.0 mL
of HCl solution (pH 2.0) containing pepsin (5 mg/mL) at 37 �C under
continuous shaking for 2 h. Then, CLA extracted with hexane from the
mixture was analyzed by GC as described before. Release percentage =
(weight of the released CLA/weight of the CLA in the corresponding
complex) � 100.

Release Test (B): Simulated Small Intestine Conditions. The
release of CLA from the complexes in simulated small intestine solution
was measured following enzymatic digestion (R-amylase, 35 units/mL;
amyloglucosidase, 35 units/mL; CaCl2, 0.01 mol/L; pH 5.2) of amylose-
CLA complex and BCD-CLA complex. Each complex had five parallel
samples, and each sample contained 15.0 mg of complex. All of the
samples were incubated in 1.0 mL of simulated small intestine solution at
37 �C under continuous shaking. An amylose-CLA complex sample and
a BCD-CLA complex sample were taken out every 3 h; 0.2 mL was used
to test the degree of enzyme digestion (using DNS method), and CLA in
the residual hydrolysate was measured after extraction with hexane,
followed bymethylation andGCquantitative analysis as described before.
Release percentage = (weight of the released CLA/weight of the CLA in
the corresponding complex) � 100.

Data and Statistical Analysis. Experiments were carried out in
duplicate for digestion tests and in triplicate for other tests, and results are
presented as the average. Standard deviation was used to determine
significant variability in quantitative analysis. OriginPro 8.0 (OriginLab
Corp., Northampton, MA) was employed for statistical analysis.

RESULTS AND DISCUSSION

Self-Assembly of Amylose-CLA Complex. Amylose can form
an inclusion complex with cis-unsaturated fatty acids in a self-
assembled manner despite the nonlinearity of these fatty
acids (13,19). All experimental data fromDSC, XRD, and FTIR
analyses showed that CLA, an unsaturated fatty acid including
cis-isomerides, successfully complexed with amylose.

DSC is one of the common methods used to detect the for-
mation of amylose-lipid complexes with a typical endothermic
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peak around 100 �C. The DSC profile of the amylose-CLA
complex showed an endothermic peak at 93 �C (Figure 1),
indicating successful formation of the complex. The relatively
lower endothermic peak temperature suggests the amylose-CLA
complex belongs to a type I complex (19), which is in ametastable
polymorph, and the additional double bonds inCLAmight be the
reason for the formation of this type I complex. The amylose-
CLA complex with a lower dissociation temperature confirms the
importance of the compatibility between the soft matter of
amylose and its ligands in the process of self-assembly.

Self-assembly to form higher level structures between amylose
and CLA is also supported by the typical V-pattern of XRD
analysis (Figure 2). Amylose had two distinct peaks with similar
intensities at 2θ = 13.0� and 20.2�, whereas the amylose-CLA
complex had three peaks with significantly increased intensities at
2θ=7.8�, 12.9�, and 20.0�. Normally, potato amylose displays a
B-type XRD pattern, whereas the amylose-lipid complex shows
a V-pattern with a typical diffractive peak at 20.0� 2θ (20, 21).
However, from Figure 2, when the diffraction pattern of amy-
lose-CLA complex was confirmed as a V-type one, that of
amylose was also similar to V-type differing in the intensity of
the diffraction peaks, but the diffractogram of the complex
showed a better crystalline structure. The similar V-type diffrac-
tion pattern of amylose may be caused by the interaction of
amylose with 1-butanol that was used for selective precipitation
of amylose during its preparation.

Both DSC and XRD analyses confirmed the successful for-
mation of amylose-CLA complex. To understand the driving
force in the self-assembly process, FTIR was used to examine the
differences among CLA, amylose, and amylose-CLA complex
as shown in Figures 3 and 4 and Table 1. The characteristic peaks
of the functional groups of hydroxyl, carbonyl, and conjugated
double bonds in CLA were found at 3435.02, 1712.19, and
1634.19 cm-1, respectively. Compared with amylose, amylose-
CLA complex showed a different infrared spectrogram: the basal
part of the hydroxy peak broadened to much lower wavenum-
bers, and its peak near 1650.50 cm-1 became the strongest one
(Figrue 4, arrow). These changes indicate the existence of CLA in
the amylose-CLA complex samples. InTable 1, similar hydroxyl
peak positions (around 3422 cm-1) of amylose, amylose-CLA

complex, and physical mixing of amylose with CLA suggest that
no noticeable hydrogen-bonding interaction exists between amy-
lose and CLA, suggesting that the hydrophobic interaction, just
like commonamylose-lipid complexation, is the driving force for
self-assembly between amylose and CLA.

Self-Assembly of BCD-CLAComplex. It is known that appro-
priate nonpolar molecules can displace the energetically unfa-
vored water molecules in the BCD cavity to form an inclusion
complex with BCD (15). All experimental data fromDSC, XRD,
and FTIR analyses showed that CLA, a nonpolar molecule,
successfully complexed with BCD.

A small endothermic peaknear 110 �C (Figure 5) from theDSC
profile, which is distinctly different from the large and sharp peak
around 180 �C caused by dehydration of BCD, indicates a
successful formation of the self-assembled BCD-CLA complex,
which is indirectly supported by literature data (22) that the
complex between linoleic acid and R-cyclodextrin showed an
endothermic peak near 120 �C. The formation of an inclusion
complex between BCD and CLA is also supported by the partial
crystalline structure from XRD analysis (Figure 6). BCD alone
showed many sharp and narrow peaks prominently at 2θ= 4.8�
and 12.8�, whereas theBCD-CLAcomplex displayed a distinctly
different XRD pattern with only one sharp and narrow peak at
2θ =11.8�. Some early studies showed that BCD was a rather
well-crystallized compound with many sharp peaks, and less
crystalline structures will be formed when BCD forms complexes
with other molecules (23-25), which is consistent with our results
from the XRD analysis.

Figure 1. DSC thermograms of amylose and amylose-CLA complex.

Figure 2. X-ray diffractograms of amylose and amylose-CLA complex.

Figure 3. Infrared spectrogram of CLA.

Figure 4. Infrared spectrograms of amylose and amylose-CLA complex.

Table 1. Hydroxy Peak Positions (cm-1) of Amylose, BCD, and Their
Complexes and Physical Mixings with CLA

material material only complex physical mixing

amylose 3422.68( 1.84 3425.73 ( 1.82 3419.07( 2.59

BCD 3412.11( 4.58 3384.74( 0.43 3398.13( 2.12
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Similarly, FTIR was used to examine the driving force in the
self-assembly process between CLA and BCD, and the experi-
mental results are shown in Figures 3 and 7 and Table 1.
Compared with CLA, the characteristic peaks of the functional
groups in CLA could be found in the BCD-CLA complex, and,
compared with BCD, the peak near 1634.19 cm-1 of the BCD-
CLA complex broadened and strengthened (see the arrow). In
Table 1, the hydroxyl peak position of the BCD-CLA complex is
at least 26 cm-1 lower than that of BCDwhereas the difference of
this peak position between BCD and its physical mixing with
CLA is not so distinct. This noticeable low shift of hydroxyl peak
on the infrared spectrogram of the BCD-CLA complex suggests
that hydrogen-bonding interaction is one of the driving forces for
self-assembly between BCD and CLA except the well-known
hydrophobic interaction between BCD and nonpolar molecules.

Thermal Stability of Amylose-CLA and BCD-CLA Com-

plexes. Differences in thermal stability among CLA, amylose,
and amylose-CLA complex were examined by thermogravi-
metric analysis shown in Figure 8. Each of the samples showed
only a steep step of weight loss caused by their thermal decom-
position in the thermogravimetric curves, and the initial weight
loss temperatures for CLA, amylose, and amylose-CLA com-
plex were 146.69, 269.18, and 240.60 �C, respectively. A one-step

thermogravimetric curve of the amylose-CLA complex indicates
the complex is decomposed as one unified structure suggesting a
strong interaction between amylose and CLA in the complex,
which is different from a physical blend of different compounds
with the same step number as its component number.

Differences in thermal stability amongCLA,BCD, andBCD-
CLA complex are also shown by TGA in Figure 9. Both of the
thermogravimetric curves of BCD and BCD-CLA complex had
two distinct steps, and the initial weight loss temperatures of the
two steps for BCDwere 50.79 and 275.80 �Cand those for BCD-
CLAwere 245.97 and 274.82 �C, respectively. For BCD, the first
stage of weight loss is caused by dehydration of BCD molecules,
and the second one is caused by thermal decomposition of BCD.
For the BCD-CLA complex, the first small stage of weight loss
corresponds to the loss of CLA in the BCD cavity, and the second
one is caused by thermal decomposition of BCD.Apparently, the
self-assembled formation of the BCD-CLA complex is sup-
ported by the disappearance of the noticeable dehydration stage
and the appearance of a small stage in a temperature lower than
the BCD decomposition temperature. On the other hand, a two-
step weight loss in the thermal decomposition of the BCD-CLA
complex suggests that self-assembly between BCD and CLA is
not so strong as that of amylose and CLA with a single-step
weight loss.

Self-Assembled Efficiency and Antioxidative Effect. To com-
pare the complexation efficiency of the two complexes, their
yields and complexing percentages weremeasured, and the results
are shown in Table 2. Compared with the BCD-CLA complex,
the yield of the amylose-CLA complex was higher, but its
complexing percentage was much lower. This disadvantage of
the amylose-CLA complex might be caused by the conjugated

Figure 5. DSC thermograms of BCD and BCD-CLA complex.

Figure 6. X-ray diffractograms of BCD and BCD-CLA complex.

Figure 7. Infrared spectrograms of BCD and BCD-CLA complex.

Figure 8. Thermogravimetric curves of CLA, amylose, and amylose-CLA
complex.

Figure 9. Thermogravimetric curves of CLA, BCD, and BCD-CLA
complex.

Table 2. Yield and Complexing Percentage of the Complexes

complex yield (%) complexing percentage

amylose-CLA 71.95( 6.29 1.39( 0.31

BCD-CLA 42.25( 0.49 7.67( 0.58



Article J. Agric. Food Chem., Vol. 57, No. 15, 2009 7129

double bonds in CLA that is likely a steric hindrance for a high
ratio of complexation between CLA and amylose.

However, the antioxidative protection effect of the amylose-
CLA complex showed better performance than the BCD-CLA
complex (Figure 10). During the first 3 days of storage, the POVs
of both the control and CLA extracted from BCD-CLA com-
plex increased rapidly, but the POVs of CLA extracted from
amylose-CLA complex were almost unchanged. After 3 days,
the POVs of all of the samples decreased due to depletion of
peroxides after reaching a high concentration, and the slowest
changes of POV for CLA from amylose-CLA complex further
showed its protective effect on the complexed CLA.

There have been studies showing that starch (mainly amylose)
can interact with lipid to form complexes that have antioxidative
capability and high thermal stability (26, 27), which is consistent
with our result of the single-step thermogravimetric curve of the
amylose-CLA complex (Figure 8), indicating that the strong
interaction between CLA and amylose would limit oxygen acces-
sibility and decrease CLA oxidation. Comparatively, a lower
antioxidative protection effect ofBCD-CLAcomplexwas shown
by its CLA POVs, which increased first and then decreased to a
higher POV value than that from the amylose-CLA complex.
Possibly, these POV changes suggest that the protection provided
byBCD forCLAhas different degrees, and this uneven protection
effect likely results from a weak interaction between BCD and
CLA in the complex with a two-step thermogravimetric curve.
Thus, the tightness of interaction between CLA and its carrier
possibly determines the oxidative protection effect on CLA.

Targeted Delivery Effect. The release percentages in the simu-
lated stomach and small intestine conditions were examined to
evaluate the stability of the complexes under the gastrointestinal
conditions. A high release percentage (11.49 ( 0.78%) was
observed for BCD-CLA complex during 2 h of incubation in
the simulated stomach conditions, whereas no CLA could be
detected in amylose-CLA complex samples. As shown in Fig-

ures 11 and 12, both the extents of enzyme hydrolysis and the
release percentages of the complexes increased during the 15 h of
incubation in the simulated small intestine conditions, but the
speed and extent of the increase for the two complexes were quite
different. The enzymehydrolysis extent and release percentage for
the amylose-CLA complex rose gradually to 87.50 and 95.61%,
but for the BCD-CLA complex these increased to only 27.92%
and 15.96%, respectively. These results indicate that most of the
amylose-CLA complex has been digested and almost all of the
complexed CLA was released, which would lead to an improved
bioavailability of CLA. In contrast, the BCD-CLA complex is
not so efficient for CLA utilization.

The high stability of the amylose-CLA complex in the simu-
lated stomach conditions is likely caused by the acid insolubility

of amylose and the strong interaction between amylose and CLA
as well as the complexation method as reported (14). Although
the susceptibility of amylose to R-amylase hydrolysis is reduced
by its interaction with CLA, the CLA can still be adequately
released in the simulated small intestine conditions as the diges-
tion of amylose by corporate action of R-amylase and amyloglu-
cosidase. Therefore, the amylose-CLA complex could be used as
a targeted delivery system for CLA to maintain its antioxidative
stability with efficient targeted release property.

The BCD-CLA complex is less stable than the amylose-CLA
complex in the simulated stomach conditions due to the acid
instability of BCD and the weak interaction between CLA and
BCD in the complex. However, in the simulated small intestine
conditions, the poor solubility of BCD and its inherent resistance
to enzyme action would result in a less release of CLA and so its
bioavailability. Therefore, the BCD-CLA complex is not an
efficient delivery system for CLA from the perspective of stability
and targeted delivery.

It should benoted that the enzyme concentration (35 units/mL)
used to simulate the small intestine conditions is regarded as the
minimal activity in the intestine (14), and a 15 h hydrolysis time
seems much longer than the real digestion time in small intestine.
However, a 15 h in vitro incubation with R-amylase and amy-
loglucosidase was shown to correspond well to the amount of
starch escaping digestion in human small intestine (28), and the
experimental results for complexes of amylose-CLA and BCD-
CLA suggest the chosen conditions are valid for the purpose of
comparing the differences between the complexes for targeted
CLA delivery. It is expected that the amylose-CLA complex will
be completely digested under normal small intestine conditions
with much higher enzyme concentration.

Efficient Self-Assembled Delivery System. An efficient delivery
system for CLA should protect CLA from oxidation and carry it
to the destination of small intestine with minimal loss in other
parts of the gastrointestinal tract. Considering the efficiency
of targeted delivery, the amylose-CLA complex can serve as a

Figure 10. POV changes of CLA with incubation time at 68 �C. CLA
control is free CLA used in complex preparation, and BCD-CLA complex
and amylose-CLA complex stand for CLA extracted from the correspond-
ing complex.

Figure 11. Changes of enzymolysis extent (%) in the simulated small
intestine conditions during 15 h. Samples were hydrolyzed by both R-
amylase and amyloglucosidase at concentrations of 35 units/mL. The
influence of control without complexes was considered.

Figure 12. Release percentage of the complexes in the simulated small
intestine conditions during 15 h.
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better vehicle for CLA delivery than the BCD-CLA complex,
although both of them prepared in appropriate conditions can
adequately protect CLA from oxidation (14, 17). Besides, the
amylose-CLA complex is self-assembled through natural food
component interaction, which does not need specific processing
steps in functional food applications. However, the low complex-
ing percentage and insolubility of the amylose-CLA complex
would become obstacles for its practical use, so further work
should be done to solve these two problems. Gunaratne’s study
showed the influence of BCDon amylose-lipid complex(29), and
the complexing percentage of BCD-CLA complex is much
higher than that of amylose-CLA complex, so self-assembled
interaction among amylose, BCD, and CLA may occur to
improve the complexing percentage and maintain the antioxida-
tive stability and targeted delivery property. Additionally, sub-
stituting an amylose-CLA-protein complex for the amylose-
CLA complex might solve its insolubility problem because a
novel self-assembled complex consisting of starch, protein, and
free fatty acids has been found to be water-soluble (30, 31).
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