Carbohydrate Polymers 91 (2013) 586-589

Contents lists available at SciVerse ScienceDirect

Carbohydrate Polymers

journal homepage: www.elsevier.com/locate/carbpol

Short communication

Identification and releasing characteristics of high-amylose corn
starch-cinnamaldehyde inclusion complex prepared using ultrasound treatment

Yaoqi Tian, Yangiao Zhu, Mohanad Bashari, Xiuting Hu, Xueming Xu, Zhengyu Jin*

The State Key Laboratory of Food Science and Technology, School of Food Science and Technology, Jiangnan University, Wuxi 214122, China

ARTICLE INFO ABSTRACT

Article history:

Received 6 July 2012

Received in revised form 3 September 2012
Accepted 6 September 2012

Available online 13 September 2012

In this study, the high-amylose corn starch-cinnamaldehyde inclusion complex was prepared by an ultra-
sound treatment and its releasing characteristic was investigated. The results showed that the ultrasound
treatment (35 °C, 10 min and 250 W) generated a higher encapsulation rate of 40.2% than the conventional
treatment (encapsulation rate, 5.7%). Data obtained from Fourier-transform infrared (FT-IR) spectroscopy
and thermogravimetric analysis (TGA) indicated that cinnamaldehyde was successfully encapsulated by
high-amylose corn starch and the encapsulation significantly increased the dissociation temperature of
cinnamaldehyde by around 70 °C. Compared to the physical mixture of high-amylose corn starch and cin-
namaldehyde, the formed inclusion complex had good retention ability and reduced the releasing rate of
cinnamaldehyde from 57.5% to 28.4% in the first week. These results suggest that cinnamaldehyde could
be encapsulated by high-amylose corn starch with an ultrasound treatment for presenting the releasing
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behavior in food preservation.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Cinnamaldehyde, a food antimicrobial agent, can effectively
inhibit the growth of Aspergillus flavus, Aspergillus niger and Peni-
cillium citrinum and it is available in foods for prolonging the
shelf-life (Gutiérrez, Escudero, Batlle, & Nerin, 2009; Xing, Li, Xu,
Yun, & Lu, 2010). Nevertheless, the direct use of cinnamalde-
hyde in foods has many disadvantages: the irritating smell of
cinnamaldehyde affects the intrinsic flavor of foods and large
quantities of active ingredients are also neutralized by free cin-
namaldehyde in foods (Arfa, Preziosi-Belloy, Chalier, & Gontard,
2007; Lopez, Sanchez, Batlle, & Nerin, 2007). Therefore, Cevallos,
Buera, and Elizalde (2010) and Jiang, Li, and Jiang (2010) have
prepared [(3-cyclodextrin-cinnamaldehyde inclusion complex for
improving the stability of cinnamaldehyde, based on the displace-
ment of water molecules in the cavity of 3-CD by guest compounds.
However, 3-cyclodextrin transformed from starch by CGTase is rel-
atively expensive.

Starch is a more resourceful and cheaper bioresource than
[B-cyclodextrin. In neutral aqueous solution, the single amylose
helix was observed, when hydrophobic guests, such as pesticides,
aliphatic alcohol and lactone, were present (Heinemann, Escher,
& Conde-Petit, 2003; Lesmes, Barchechath, & Shimoni, 2008).
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The hydrophobic section of the guests was incorporated into the
hydrophobic helix of amylose, thus resulting in the formation of
the V-type amylose-guest inclusion complex (Zabar, Lesmes, Katz,
Shimoni, & Bianco-Peled, 2009). It was also evident that the posi-
tion of the guests located in the hydrophobic cavity of amylose helix
was directly related to the molecule size of the guests (Tian et al.,
20009, 2010).

Cinnamaldehyde is a hydrophobic compound with a benzene
ring and an aldehyde group. It may cause starch molecules to form
a V-type inclusion complex and its stability was increased by starch
encapsulation (Itthisoponkul, Mitchell, Taylor, & Farhat, 2007).
Nevertheless, native starch could not well encapsulate cinnamalde-
hyde due to the lack of enough surface activity in reaction system
(Arfa et al., 2007). Mongenot, Charrier, and Chalier (2000) reported
that the ultrasound treatment could generate starch suspension
into a stable emulsion and significantly increase the encapsulation
efficiency. The ultrasound treatment, therefore, was designed to
encapsulate cinnamaldehyde by high-amylose corn starch in this
study. The encapsulation product was identified and its releasing
behavior was also estimated.

2. Experimental
2.1. Materials
Cinnamaldehyde was purchased from Sinopharm Chemical

Reagent Inc. (Shanghai, China). High-amylose corn starch was
gifted from Dingfeng Starch Inc. (Tianjin, China). Its amylose
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content was determined by the spectrophotometric method
described by Hoover and Ratnayake (2001). All other chemicals and
reagents were of analytical grade unless otherwise stated.

2.2. Preparation of high-amylose corn starch-cinnamaldehyde
inclusion complex

The high-amylose corn starch-cinnamaldehyde inclusion com-
plex was prepared using the ultrasound method described by
Zhu, Tian, Xu, Wang, and Jin (2012). In brief, 8 g of high-amylose
corn starch was dissolved in 100 mL distilled water at 100 °C for
30 min with continuous stirring until it became a homogeneous
paste. After the paste was cooled to 25°C, 800 L of cinnamalde-
hyde dissolved in anhydrous ethanol (8 mL) were added and
mixed by successive stirring. The starch/cinnamaldehyde mix-
ture (10:1, g/mL) was then treated at 35°C for 10 min using a
250W ultrasound generator (Zhisun Instrument Inc., Shanghai).
The resultant sol was kept at 45°C for 12 h to prepare the crude
starch-cinnamaldehyde inclusion complex before it was dried at
45 °C for 5 h. The amount of surface cinnamaldehyde was removed
by a washing procedure with 10 mL of anhydrous ether for at least
three times. The remaining solids were dried at 40°C in a vacuum
oven and milled to pass through 100-mesh sieve to obtain the pure
starch-cinnamaldehyde inclusion complex.

2.3. Determination of the included cinnamaldehyde

A simple procedure described by Li, Jin, and Wang (2007)
was used to determine the included cinnamaldehyde. In brief,
high-amylose corn starch-cinnamaldehyde inclusion complex was
dispersed in anhydrous ethanol and incubated at 45 °C for 30 min.
The absorbance at 286 nm of the ethanol was determined using a
UV spectrophotometer (TU-1900, Persee General Instrument Inc.,
Beijing). The included cinnamaldehyde and the encapsulation rate
(Er) were obtained using following Egs. (1) and (2):

A=181.48C — 0.0244 (R% =0.9954) (1)
M; o
E = e 100% (2)

where A is the absorbance of the ethanol solution, C is the con-
centration of cinnamaldehyde, expressed in pL/mL, M; is the
cinnamaldehyde content in the inclusion complex, and M:; is the
total cinnamaldehyde content in reaction system.

2.4. Fourier-transform infrared (FT-IR) spectroscopy

FT-IR spectra of cinnamaldehyde, high-amylose corn starch, the
high-amylose corn starch/cinnamaldehyde mixture, and the high-
amylose corn starch-cinnamaldehyde inclusion complex were
scanned using an infrared spectrophotometer (5DXC FTIR, Nicolet
Co.,USA). The analysis parameters were set as: wave number range,
from 4000 to 400 cm~!; resolution, 4cm~!; number of scans, 64;
and scan speed, 0.63.

2.5. Thermogravimetric analysis (TGA)

Thermogravimetric analysis was conducted with a Mettler-
Toledo TGA/SDTA851E under dynamic atmosphere of helium
(99.99%) at 20 mL/min. Five milligrams of sample (each sample was
equilibrated in a sealed vessel with saturated sodium chloride for
one week before the test) were determined from 30°C to 500°C at
a heating rate of 10°C/min to evaluate the thermal stability.

Table 1

Apparent amylose content and encapsulation rate of high-amylose corn
starch-cinnamaldehyde inclusion complex prepared using the ultrasound
treatment.

Treatments Apparent amylose Encapsulation
content (%) rate (E;, %)

Control 42.6 + 1.3a? 5.7 £ 0.3a

Ultrasound treatment 64.9 + 0.8b 40.2 £+ 0.5b

3 Samples means with different lowercase letters in the same column are signifi-
cantly different (P<0.05).

2.6. Cinnamaldehyde releasing behaviors of the inclusion complex

Three grams of the pure starch-cinnamaldehyde inclusion com-
plex were tiled into culture dishes. The culture dishes were put into
a desiccator and stored at 25 °C and relative humidity of 75% for 0,
1, 2, 3, 4 and 5 weeks. Part of the stored sample (0.05 g) was taken
out to determine the remaining cinnamaldehyde. The releasing rate
(Rr) was estimated using the following formula (3):

Ms
Rr=(1-— 100% 3
' ( Mti) * 3)
where M is the remaining cinnamaldehyde dissolved in ethanol
solvent and My is the total included cinnamaldehyde in the
starch-cinnamaldehyde inclusion complex.

2.7. Statistical analysis

The data were expressed as means of triplicate determinations.
Statistical significance was assessed with one-way analysis of vari-
ance (ANOVA) using ORIGIN 7.5 (OriginLab Inc., USA) for windows
program. A probability P<0.05 was considered significant through-
out the study.

3. Results and discussion
3.1. Preparation of starch-cinnamaldehyde inclusion complex

The results showed that the encapsulation rate of the high-
amylose corn starch/cinnamaldehyde mixture was 5.7%, while the
encapsulation rate reached 40.2% for the inclusion complex pre-
pared by the ultrasound treatment at 35°C for 10 min (Table 1).
The ultrasound treatment also increased the apparent amylose
content of high-amylose corn starch sample from 42.6% to 64.9%.
This increase indicated that the ultrasound could partly break the
glycosidic bond linked between glucose units. Corn starch with
more amylose fraction was easily encapsulating cinnamaldehyde
(Arfa et al., 2007). On the other hand, higher emulsifying prop-
erty presented during the ultrasound treatment also benefited the
encapsulation process (Zhu et al., 2012).

3.2. FT-IR spectra analysis

FT-IR spectra showed that the main adsorption peaks for
pure cinnamaldehyde, CgHsCH=CHCHO, were 1620cm~! and
1675cm~! (Fig. 1). These were ascribed to the skeletal vibra-
tion of aromatic nucleus and carbonyl band stretch, respectively.
With regard to the mixture of starch and cinnamaldehyde, the
main absorption peaks of cinnamaldehyde around 1620 cm~! and
1675cm~! were still observed, while the mixing increased the
stretch vibration of the 1675cm~!. The increase might result
from an overlap of carbonyl stretch vibration of high-amylose
corn starch and cinnamaldehyde. However, the skeletal vibration
of aromatic nucleus around 1620cm~! disappeared for the pre-
pared starch-cinnamaldehyde inclusion complex. This indicated
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Fig.1. The FT-IR spectra of (a) cinnamaldehyde, (b) high-amylose corn starch, (c) the
mixture of high-amylose corn starch and cinnamaldehyde, and (d) the high-amylose
corn starch-cinnamaldehyde inclusion complex.

that the aromatic nucleus of cinnamaldehyde was incorpo-
rated into the helix of amylose. These findings suggested that
the starch-cinnamaldehyde inclusion complex was successfully
formed using the ultrasound method.

3.3. Thermogravimetric analysis (TGA)

The TGA data showed that the high-amylose corn starch showed
a two-step thermogravimetric curve (Fig. 2). The first weight loss
step at 120°C was caused by the water evaporation and the sec-
ond one around 280°C was ascribed to the decomposition of
starch. For the mixture of starch and cinnamaldehyde, the first
mass loss around 125°C was observed for the water evapora-
tion and the volatilization of cinnamaldehyde and another mass
loss step at 280°C was similar to the curve of high-amylose
corn starch. Nevertheless, the dissociation temperature of the
starch-cinnamaldehyde inclusion complex was around 190 °C and
the second mass loss around 300 °C was responsible for the decom-
position of starch. This indicated that the thermal stability of
cinnamaldehyde was increased by the encapsulation and also
demonstrated the formation of starch-cinnamaldehyde inclusion
compound.

Weight (%)

T T T T T T T T T )
50 100 150 200 250 300 350 400 450 500

Temperature (°C)
Fig. 2. Thermogravimetric curves of (a) high-amylose corn starch, (b) the mixture

of high-amylose corn starch and cinnamaldehyde, and (c) the high-amylose corn
starch-cinnamaldehyde inclusion complex.
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Fig. 3. Releasing characteristics of the included cinnamaldehyde in the high-
amylose corn starch-cinnamaldehyde inclusion complex.

3.4. Releasing behaviors of the starch—cinnamaldehyde inclusion
complex

The results revealed that the releasing rate of the
starch/cinnamaldehyde mixture rapidly increased from zero
to 57.5%, while the releasing rate of the starch-cinnamaldehyde
inclusion complex only increased from zero to 28.4% in the
first week (Fig. 3). The lower releasing rate indicated that the
prepared inclusion complex had good retention ability and
effectively reduced the releasing rate of cinnamaldehyde. The
releasing mechanism might be interpreted by the fact that the
included cinnamaldehyde was replaced by water to release free
cinnamaldehyde for an equilibrium state during storage (Eq. (4)).

Starch-cinnamaldehyde inclusion complex + Water < Starch

+ Cinnamaldehyde (4)

4. Conclusions

The work demonstrated that cinnamaldehyde was suc-
cessfully encapsulated by high-amylose corn starch to form
starch-cinnamaldehyde inclusion complex. The encapsulation
increased the stability of cinnamaldehyde and generated a good
releasing behavior. The ultrasound treatment could reduce the
molecular weight of high-amylose corn starch and increase the
production yield of the inclusion complex. These suggest that high-
amylose corn starch with an ultrasound treatment is one of most
advantageous techniques for the encapsulation of cinnamaldehyde
in food industry.

Acknowledgements

This study was financially supported by Natural Science Founda-
tion of China (No. 31201288), the Fundamental Research Funds for
the Central Universities (No.JUSRP11225), Natural Science Founda-
tion of Jiangsu Province (No. BK2012115), and the Project of State
Key Laboratory of Food Science and Technology, Jiangnan Univer-
sity (No. SKLF-ZZB-201206).

References

Arfa, A. B., Preziosi-Belloy, L., Chalier, P., & Gontard, N. (2007). Antimicrobial paper
based on a soy protein isolate or modified starch coating including carvacrol and
cinnamaldehyde. Journal of Agricultural and Food Chemistry, 55, 2155-2162.



Y. Tian et al. / Carbohydrate Polymers 91 (2013) 586-589 589

Cevallos, P. A. P., Buera, M. P., & Elizalde, B. E. (2010). Encapsulation of cinna-
mon and thyme essential oils components (cinnamaldehyde and thymol) in
B-cyclodextrin: Effect of interactions with water on complex stability. Journal
of Food Engineering, 99, 70-75.

Gutiérrez, L., Escudero, A., Batlle, R., & Nerin, C. (2009). Effect of mixed antimicrobial
agents and flavors in active packaging films. Journal of Agricultural and Food
Chemistry, 57, 8564-8571.

Heinemann, C. Escher, F, & Conde-Petit, B. (2003). Structural features of
starch-lactone inclusion complexes in aqueous potato starch dispersions: The
role of amylose and amyl pectin. Carbohydrate Polymers, 51, 159-168.

Hoover, R., & Ratnayake, W. S. (2001). Determination of total amylose content of
starch. Current Protocols in Food Analytical Chemistry,. E2.3.1-E2.3.5.

Itthisoponkul, T., Mitchell, ]. R., Taylor, A.]., & Farhat, I. A. (2007). Inclusion complexes
of tapioca starch with flavour compounds. Carbohydrate Polymers, 69, 106-115.

Jiang, S., Li, J. N., & Jiang, Z. T. (2010). Inclusion reactions of beta-cyclodextrin and its
derivatives with cinnamaldehyde in Cinnamomum loureirii essential oil. Euro-
pean Food Research Technology, 230, 543-550.

Lesmes, U., Barchechath, J., & Shimoni, E. (2008). Continuous dual feed homogeniza-
tion for the production of starch inclusion complexes for controlled release of
nutrients. Innovative Food Science and Emerging Technologies, 9, 507-515.

Li, X. H, Jin, Z. Y., & Wang, J. (2007). Complexation of allyl isothiocyanate by a- and
B-cyclodextrin and its controlled release characteristics. Food Chemistry, 103,
461-466.

Lépez, P., Sanchez, C., Batlle, R., & Nerin, C. (2007). Development of flexible antimi-
crobial films using essential oils as active agents. Journal of Agricultural and Food
Chemistry, 55, 8814-8824.

Mongenot, N., Charrier, S., & Chalier, P. (2000). Effect of ultrasound emulsification on
cheese aroma encapsulation by carbohydrates. Journal of Agricultural and Food
Chemistry, 48, 861-867.

Tian, Y., Li, Y., Manthey, F. A, Xu, X,, Jin, Z., & Deng, L. (2009). Influence of {3-
cyclodextrin on the short-term retrogradation of rice starch. Food Chemistry,
116, 54-58.

Tian, Y., Yang, N, Li, Y., Xu, X,, Zhan, J., & Jin, Z. (2010). Potential interaction between
B-cyclodextrin and amylose-lipid complex in retrograded rice starch. Carbohy-
drate Polymers, 80, 581-584.

Xing, Y. G, Li, X. H,, Xu, Q. L., Yun, J. A, & Ly, Y. Q. (2010). Antifungal activities of cin-
namon oil against Rhizopus nigricans, Aspergillus flavus and Penicillium expansum
in vitro and in vivo fruit test. International Journal of Food Science and Technology,
45,1837-1842.

Zabar,S.,Lesmes, U., Katz, I., Shimoni, E., & Bianco-Peled, H. (2009). Studying different
dimensions of amylose-long chain fatty acid complexes: Molecular, nano and
micro level characteristics. Food Hydrocolloids, 23, 1918-1925.

Zhu, Y. Tian, Y., Xu, X, Wang, Q, & Jin, Z. (2012). Preparation of the
starch-cinnamaldehyde inclusion complex by the ultrasound technology. Sci-
ence and Technology of Food Industry, 33(2), 232-235 (in Chinese).



	Identification and releasing characteristics of high-amylose corn starch–cinnamaldehyde inclusion complex prepared using u...
	1 Introduction
	2 Experimental
	2.1 Materials
	2.2 Preparation of high-amylose corn starch–cinnamaldehyde inclusion complex
	2.3 Determination of the included cinnamaldehyde
	2.4 Fourier-transform infrared (FT-IR) spectroscopy
	2.5 Thermogravimetric analysis (TGA)
	2.6 Cinnamaldehyde releasing behaviors of the inclusion complex
	2.7 Statistical analysis

	3 Results and discussion
	3.1 Preparation of starch–cinnamaldehyde inclusion complex
	3.2 FT-IR spectra analysis
	3.3 Thermogravimetric analysis (TGA)
	3.4 Releasing behaviors of the starch–cinnamaldehyde inclusion complex

	4 Conclusions
	Acknowledgements
	References


