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ABSTRACT

Phenolic compounds exhibit antioxidant and antimicrobial activities with applications as functional food and feed addi-
tives. Ferulic acid, a phenolic compound present in grain crops and lignocellulose biomass, was encapsulated with satu-
rated triglycerides using alaboratory fluidizer. Stability of the encapsulated ferulic acid particles was evaluated over a3
month storage period. Laser light scattering and fluorescence spectroscopy were used to characterize particles. Loss of
ferulic acid from particles was measured by emission spectra. Results showed no significant changes in particle diame-
ter, 717.6 nm £ 28.4 nm, or loss of ferulic acid from lipid particles during storage. This combination of renewable mate-
rials, physical processing techniques, and nondestructive analytical methods promotes sustainable agriculture.
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1. Introduction

Phenolic compounds have numerous health benefits and
have emerged as a functional food and animal feed addi-
tive [1-5]. Current sources of phenolic compounds in-
clude the commaodity grains such as corn, oat, and wheat,
but they may also be obtained from low-cost agricultural
residues [6-9]. This includes biomass feedstock used for
bioethanol production. Removal of antimicrobial and
antifungal phenolic compounds leads to increased con-
version of the cellulosic substrate to ethanol. Separation
and recovery of these phenolic compounds provide a
valuable co-product and improve process efficiency.
Such compounds may be encapsulated to inhibit degra-
dation, preserve bioactivity, and extend the shelf life of
formulated products [10-12].

Saturated lipids are useful as capsule materials and
have demonstrated their advantages for the encapsulation
and delivery of therapeutic agents [13,14]. Tripalmitin
and tristearin are solid a room temperature but melt
above 50°C and mix with phenolic compounds. As the
lipids cool and solidify the phenolics are trapped within
the solid lipid particle. Blends of lipid compounds or
even structured lipids can be used to obtain specific
melting behavior for critical applications. The lipid ma-
terial provides a barrier and facilitates product formula-
tion. However, compatibility between the lipid coatings
and the encapsulated materia can influence product per-
formance with loss of the bioactive compound from the
particle over time.

Ferulic acid and coumaric acid are low molecular
weight phenolic compounds that exhibit antioxidant and
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antimicrobial properties. They are prevalent in grain
crops and biomass and are potential food and feed addi-
tives. These compounds absorb strongly in the ultraviol et
(UV) region which provides a rapid spectroscopic meas-
urement (Figure 1). For this study ferulic acid was en-
capsulated with saturated lipids and the stability of the
resulting particles was evaluated over 3 months. Spec-
troscopic methods were used to detect loss of ferulic acid
from the lipid particles while changes in particle size
were measured by light scattering techniques.

2. Experimental
2.1. Materials

Ferulic acid, 98% pure, was obtained from Sigma-Al-
drich (St. Louis, MO, USA). Tripalmitin and tristearin
standards, 99% pure, were purchased from Nu-Check
Prep, Inc. (Elysian, MN, USA). Tween 80 was obtained
from Fisher Scientific (Fair Lawn, NJ, USA). Deionized
water, 18 micro siemens, was produced from laboratory
distilled water.

2.2. Preparation

Lipid particles were prepared by melting a mixture of 50
mg tripalmitin, 50 mg tristearin, and 10 mg of ferulic
acid for 2 minutes at 75°C. Tween 80 (0.5 wt% ag), 4 mL,
was quickly added to the mixture and homogenized for
90 seconds at 20,000 RPM with a tissue homogenizer
(Omni, Waterbury, CT, USA). This emulsion was then
processed by a Microfluidics laboratory fluidizer model
110-s (Newton, MA, USA). The material was recycled
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Figure 1. UV spectra of ferulic acid (blue) and p-coumaric
acid (red).

three times to produce the final product.

2.3. Analysis

Ultraviolet spectra were collected with a Perkin Elmer
model Lambda 2s UV/VIS spectrometer controlled by
UV Winlab v 2.7 software (Waltham, MA, USA). Sam-
ples were placed into quartz cuvettes and scanned from
200 nm to 400 nm at 240 nm/sec using a slit width of 2
nm. Emission spectra were collected with a Perkin Elmer
model LS55 luminescence spectrometer controlled by
FL Winlab v 4.0 software (Waltham, MA, USA). Sam-
ples were placed into quartz cuvettes and excited at 377
nm. Emission was scanned from 400 - 450 nm. A spec-
tral bandwidth of 5 nm was set for both excitation and
emission. Spectra were processed with The Unscrambler
X software, Camo Software, Inc. (Woodbridge, NJ, USA).
Spectra were smoothed by the Savitzky-Golay method
with second order polynomial and baseline corrected.
Emission at 425 nm was used to detect ferulic acid. Par-
ticle size distributions were measured with a Nicomp
model 380 ZLS particle size system (Santa Barbara, CA,
USA). Measurements were taken at 23°C using a 635 nm
source and a scattering angle of 90°. Samples were di-
luted 1:10 with deionized water. Zeta potentia values
were measured with the same instrument using the zeta
module.

3. Results and Discussion

Lipid particles were prepared from an oil-in-water emul-
sion using a high pressure fluidizer to disperse the molten
lipid mixture into the aqueous phase. This technique
produced solid lipid particles that encapsulated the phe-
nolic compound as the material cooled. The stability of
the particles depends on several factorsincluding the size
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Table 1. Average values of emission intensity at 425 nm for
encapsulated ferulic acid.

Lipid-ferulic acid particles

Time (weeks)
Mean intensity (n = 3) Standard deviation
1 2.1660 0.32056
2 1.8812 0.25874
3 21717 0.11663
5 1.8458 0.19861
8 2.1946 0.19726
12 2.2109 0.53989

and surface charge of the particles which can be meas-
ured by light scattering and zeta potential, respectively.
Weekly analysis of the lipid encapsulated ferulic acid
particles showed the mean particle diameter of 717.6 nm
+ 284 nm was unchanged after 92 days. The corre-
sponding zeta potential measured 37.3 mV which is
characteristic of stable emulsions. In addition to the need
of the dispersed particles to remain suspended in the
aqueous solution is the requirement that the ferulic acid
not be expelled from the particle. Spectroscopic tech-
niques offer a rapid and nondestructive approach to de-
termine concentration changes in solution. Phenolic
compounds display characteristic UV spectra which is
useful for detection and quantitation. However, fluores-
cence techniques provide greater sensitivity. Ferulic acid
produces a strong emission at 425 nm when excited at
377 nm. Therefore emission spectra were used to detect
loss of ferulic acid from within the particle. Mean values
of the intensity at 425 nm are listed in Table 1 along
with the standard deviations of replicated measurements.
The results of ANOVA indicated that mean intensity
values were not significantly different at the 95% confi-
dencelevel (p > 0.05) over the 3 month period.

4. Conclusion

These results show that lipid encapsulated ferulic acid
particles prepared with saturated triglycerides were stable
after 3 months storage at ambient conditions. These par-
ticles were prepared from an agueous emulsion with
commercialy available fluidization equipment. Advan-
tages of this approach to encapsulation include the use of
renewable materials and physical rather than chemical
processing. The only required solvent is water. The ana-
Iytical techniques used are nondestructive. All of thisis
compatible with current principles of sustainability in
agricultural and chemistry.
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