JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2005, 53, 73857389 7385

Development of a New Colorimetric Method Determining the
Yield of Microencapsulation of  a-Tocopherol
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Microencapsulation of a-tocopherol effectively protects a-tocopherol from oxidation and produces
high-value-added and long-shelf-stable foods. High-performance liquid chromatography (HPLC) has
been applied to measure the yield of microencapsulated o-tocopherol with high accuracy; however,
it takes long analysis time. An alternative method is required to determine the yield of microencap-
sulated a-tocopherol in food industry. A new, easy, and sensitive colorimetric method using 5% cupric
acetate pyridine and oleic acid was developed. Correlation coefficient (r) of colorimetric method on
a-tocopherol in microencapsulation system and of results between colorimetric method and HPLC
were +0.996 and +0.989, respectively, which indicates that this novel colorimetric method can be
successfully applied to evaluate the yield of microencapsulated o-tocopherol instead of HPLC. The
optimum storage temperature and pH of microencapsulated a-tocopherol for 7-day storage were 25
°C and pH 9, respectively, determined by this new colorimetric method.
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INTRODUCTION food products anymore and may cause unwanted problems on
the stability of foods 14—16). Therefore, it is required to

_ Lipid (fat and oil) in most foods is sensitive to heat energy, geyelop a new technology preventingocopherol from oxida-
light energy, and the presence of oxygen and easily undergoes;q, also, the new technology should make proper controlled

oxidation. Oxidized lipid is a critical factor in food deterioration release of antioxidants when required. Microencapsulation
durlr_]g storagel—4). Since lipid oxidation produces off-flavors technology was introduced and tested for these required
making the foods less acceptable or unacceptable to consumers, - qitions and was reported as a suitable and dependable

(5-7), the prevention of lipid oxidation is considered one of ocpnoiagy for protecting and releasing antioxidants (17—19).
critical steps determining storage period and prolonging shelf now, microencapsulation has been widely applied in food

life of foods in food industry. Antioxidants are therefore often i, q,stry while some disadvantages of encapsulated products in
used in food processing and become one of the important fOOddigestion and swallowing were reported (20—23).

i_ngredients (8-10). Hydrpgen-donating antioxidants can protect Optimization of processing parameters is a key factor in

I!p[d moIepuIes by do”?“”,g hydrogen atom to peroxyl or alkpxyl microencapsulation. An accurate, reliable, and sensitive method
lipid radicals and antioxidants themselves become radicals, spoid pe established to measure the yield of microencapsulation
which should not be involved in further oxidation process{ for effective microencapsulation processing. HPLC has been

13). Antlc}):.(lldants aTe cgtegdorlzed Into nar:ural fand dsyénthetlc used to determine the yield of microencapsulatedcopherol
origins while natural antioxidants are much preferre €CaUSE y antitatively with high accuracy, but it requires a long time

of the increase of consumers’ health concerns. Generally, theq anaiysis ‘and may also cause errors in extraction steps of
cost of natural antioxidants is higher than synthetic ones, and a-tocopherol from microencapsulated sour2d+26). Conse-
many researches have focused to improve the efficacy of naturalquenﬂy' instead of HPLC method, a simpler and relatively
antioxidants. sensitive method for evaluating the yield of microencapsulation

a-Tocopherol is a well-known fat-soluble antioxidant and is  js demanded especially in industrial fields as well as in academic
widely used in the food industry. One electron reduction greas.
potential ofo-tocopherol is 500 mV while that of polyunsatu- The objectives of this study were to establish a new
rated fatty acids (PUFA) is 600 mV, which suggests that colorimetric method for determining yield of microencapsulated
a-tocopherol can donate hydrogen atom to peroxyl or alkoxyl g-tocopherol and to investigate the optimum temperature and
lipid radicals before PUFA do and efficiently prevents lipid pH of the microencapsulatettocopherol during storage using
oxidation. If o-tocopherol becomes corresponding radicals g developed new method.
during storage and transportatiantocopherol cannot protect

MATERIALS AND METHODS
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Figure 1. Schematic diagram for the microencapsulation apparatus.
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Taking the supernatant and measuring absorbance at 715 nm

Figure 2. Schematic diagram for the analysis of microencapsulation yield
by 5% cupric acetate pyridine colorization.

Korea) and oleic acid from Showa Chemicals Inc. (Tokyo, Japan) were
purchaseda-Tocopherol of more than 93% purity was purchased from
Korea Goking Co. (Ansan, Korea), and polyoxyethylene sorbitan
monolaurate (HLB: 16.7) was purchased from lishin Emulsifier Co.
Ltd. (Kimpo, Korea). Other chemicals are of reagent grade.
Microencapsulation Process ofa-Tocopherol. The microencap-
sulation ofa-tocopherol was carried out by the modification of the
method previously reported by Chang and CR®)(for the microen-
capsulation of docosahexaenoic acid. The mixture-afcopherol and
oleic acid with the ratio of 4:1 (w/w) was used as core material for
microencapsulation derived from previous stu@y)( Oleic acid was
used for indirect coloration ofr-tocopherol for the spectroscopic
analysis ofa-tocopherol. A 0.75% (w/v) of the mixture of agar and
waxy corn starch with the ratio of 2:1 (w/w) was prepared in 100 mL
of distilled water as wall material and was gelatinized at-80 °C.
Preliminary study on the optimum mixture ratio between an emulsifier
and core material was conducted and the ratio of 1:17.4 (w/w) was
selected and used in this study. At a water bath of@&5a mixture
ratio of 0.49 g polyoxyethylene sorbitan monolaurate and 8.52 g core
material was prepared and homogenized with a homogenizer (Ultra-
Turrax T-25, Janke and Kunkel Co., Staufen, Germany) at 9000 rpm
in 30 s. Ten grams of wall material was added into this homogenized
mixture and was further homogenized for 50 s. Twenty grams of the
emulsion solution containing wall material and core material with an
emulsifier was sprayed into 200 mL of distilled water atZ5using
a spray gun (W-300, Wagner, Germany) as showRigure 1.
Development of Colorimetric Method for the Yield of Microen-
capsulation of a-Tocopherol. A new colorimetric method using 5%
(w/v) cupric acetate pyridine (pH 6.01) was applied to determine the
yield of microencapsulated-tocopherol (Figure 2). The principle of
this colorimetric method is interaction between two cupric agents and

Chang et al.

four free fatty acids forming colored cupric soaps with the cagelike
complex, Cu(CigH340,)a. Lowry and Tinsley 28) developed a rapid
free fatty acid determining method and Kwon and RI2% (heasured
free fatty acids from lipase activity using this colored cupric soap
principle. For UV/vis spectrometry determinatiantocopherol needs

to be colored proportionally to the concentration. Howewetpco-
pherol is not colored directly by cupric acetate pyridine. Oleic acid
can be mixed with-tocopherol and react with cupric acetate pyridine
resulting in color production proportional to the concentration of oleic
acid. Therefore, oleic acid was introduced for indirect coloration of
a-tocopherol. After the processing of emulsification and microencap-
sulation ofa-tocopherol as described above, 100 mlndiexane was
added into 200 mL of dispersion fluid containing microcapsules and
was mixed with shaking for 10 s. The resulting mixture stood for 1 h,
and 5 mL of n-hexane upper layer was taken and mixed with 1 mL of
5% cupric acetate pyridine solution for color development with
vortexing for 90 s. The colored solution stood for 5 min in the dark,
and the absorbance, of n-hexane upper layer was measured at 715
nm with UV/visible spectrophotometer (UV-2101PC, Shimadzu Co.,
Tokyo, Japan). The yield of microencapsulatedocopherol can be
calculated using the following equation.

b—a

b x 100

@

Absorbancea andb indicates the amount af-tocopherol in solution
with or without emulsifiers, respectively.

Evaluation of the Colorimetric Method for the Microencapsu-
lation Yield. The 10 g of wall material was sprayed into 200 mL
distilled water with the assumption that microcapsules were not
produced. Core materials aftocopherol and oleic acid mixtures with
the ratio of 4:1 (w/w) without emulsifier were then added into this
solution to make concentrations of 2, 4, 6, 8, 10, anduM of
o-tocopherol.o-Tocopherol concentration was measured by a newly
developed colorimetric method according to the procedur@gnre
2.

These samples were treated with 10 mhexane and after standing,
the extracted upper layers were directly applied into high-performance
liquid chromatography (HPLC) (Waters 600, Waters Co., IL) to measure
the amount ofa-tocopherol. HPLC with a UV detector using a
Shimpack CLC—SIL (150 mmx 4.60 mm i.d., Shimadzu, Kyoto,
Japan) was used. Mobile phase was a mixtune-béxane:2-propanol
(49:1, vlv) and flow rate was 0.8 mL/min velocity. Eluent was
monitored at 215 nm and injection volume was A4I0. The results
from HPLC analysis were compared with those from the colorimetric
method. Serially diluted standard-tocopherol inn-hexane were
prepared and used for the quantificatiorefocopherol using the above
HPLC conditions. All the samples were prepared in triplicates. Analysis
times in colorimetric method and HPLC method were compared to
each other using six skilled researchers. Researchers were trained with
both colorimetric method and HPLC method and analysis time taken
for each step was measured 10 times.

Temperature and pH Effects on the Storage Stability of Mi-
croencapsulateda-Tocopherol. Temperature and pH may affect the
accuracy and reliability of this new colorimetric method on quantitative
analysis of the microencapsulatee¢ocopherol. Effects of temperature
and pH during storage were investigated for determining the stability
of microencapsulated-tocopherol. Samples of microencapsulated
o-tocopherol prepared from mixtures of 0.49 g polyoxyethylene sorbitan
monolaurate and 8.52 g core material were put into an oven at 5, 15,
25, 35, or 45°C and were stored for 7 days. The concentration of
a-tocopherol released from microcapsules was determined and yield
of microencapsulatedi-tocopherol was calculated according to the
above equation. At selected optimal storage temperature, the effects
of pH on the stability of microencapsulated-tocopherol were
determined in the pH range from 3, 5, 7, 9, 11, to 13 and the yield of
microencapsulated-tocopherol was also calculated. Preparation of pH
3,5,7,9, 11, and 13 solutions were made by dissolving citric acid-
NaHPQ, buffer, citric acid-NaHPO, buffer, citric acid-NaHPO,
buffer, Clark and Lubs buffer, Tricin-KOH buffer, and KENaOH
buffer, respectively. Samples were prepared in triplicates.

yield of microencapsulation af-tocopherol (%)=
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Figure 3. Standard curve for the calculation of the yield of microencap- Figure 4. Standard curve for the calculation of the yield of microencap-
sulation by 5% cupric acetate pyridine colorization. sulation by HPLC.

RESULTS AND DISCUSSION

Establishment of the Colorimetric Method. Standard curve 20.0

on various concentrations aftocopherol mixed with 20% (w/

w) of oleic acid colored by 5% cupric acetate pyridine is shown
in Figure 3. The concentration ad-tocopherol was measured
by HPLC analysis. Correlation coefficientdetermined by a
new colorimetric method wast0.996. As the amount of
a-tocopherol not incorporated in microcapsules increased, the
absorbance at 715 nm was proportionally and positively
increased. Therefore, the yield of microencapsulation and the
degree of destruction in microcapsule during storage can be
calculated on the basis of the standard curve and the yield of
eq 1. The colorimetric method using cupric acetate pyridine
measures the releasedtocopherol from microcapsules indi-
rectly. The principle of this method is to determine the released
oleic acid being mixed witli-tocopherol from microcapsules.

15.0

-
o
=)

Peak areas in HPLC choromatogram (x10°)
o
[=)

As this new colorimetric method does not determinéoco- 0P

pherol directly, validity and accuracy of this method need to 0.0 0204 0608101.2141618

be evaluated. Standard curve on various concentrations of A-Absorbance at 715 nm
o-tocopherol determined by HPLC is shown FKigure 4. Figure 5. Correlation between peak area by HPLC and absorbance by
Correlation coefficient determined by HPLC wag-0.989. colorimetric method on a-tocopherol.

Correlation coefficient between the results from colorimetric

method and those from HPLC a#€0.989 as shown ifrigure Table 1. Comparison of Analysis Time Taken for the Steps in

5. Therefore, the colorimetric method using 5% cupric acetate Colorimetric Method and HPLC Method (Mean * Standard Deviation,
pyridine can be used as an alternative assaying method to HPLC? = 10)
for determining the yield of microencapsulateetocopherol.

o L ; ) ) colorimetric method HPLC analysis method
m;—tiglg ]él:]rljdI%a;is(:ar:ﬁgﬁlg(fmﬁoftg: e:ﬁglistiesp L?mCeOI(ersl‘,mZm; step _ de.scripltion. time (min) step description time (min)
colorimetric method and HPLC was about 5.5 and 18.0 min, m'*g%gc'g'gha;g with  05+003 1 pretreatment of sample  2.0:+0.14
respectively. Comparing analysis time for one sample, the 2 color development 1.0£006 2 addition of internal 1.0£0.08
colorimetric method takes less than one-third of the time _ standard

. . preparation of reference  2.0+£0.15 3  chromatographic 150+1.1
required by HPLC method because of the relatively long sample cuvette analysis
pretreatment time and elution time in HPLC analysis. 4 absorbance measurement 1.0 +0.08
Temperature and pH Effects on the Storage Stability of total time (min) 554032 total time (min) 18.0+1.32

Microencapsulateda-Tocopherol. Effects of storage temper-
ature on the stability of microencapsulatedtocopherol in
dispersion fluid determined by new colorimetric method are  Below 25°C, the destruction of microcapsules was increased
shown in Figure 6. More than 98% of microencapsulated with the decrease in storage temperature, and it may be due to
o-tocopherol was stable over the whole range of temperaturethe retrogradation of waxy corn starch in wall material in
and more than 99% microcapsules were maintained without response to the temperature dov@0,(31). The destruction of
destruction for 7 days especially in 285 °C. microcapsules above 38C was supposed to be due to the
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100.0 the optimum temperature and pH conditions for the storage
stability of microcapsules containingtocopherol were deter-
mined as 25°C and pH 9.0, respectively. Conclusively, this
99.5 | novel colorimetric method can be applied to analyze the yield
for the microencapsulation ef-tocopherol quantitatively with

shorter analysis time than HPLC.
99.0 |
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