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Structural Investigation of Edible Zein Films/Coatings and
Directly Determining Their Thickness by FT-Raman
Spectroscopy
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Near-infrared Fourier transform Raman (FT-Raman) spectroscopy was employed to study the
molecular structure of edible zein films/coatings, which were fabricated directly from zein protein.
The secondary structure of zein protein was mainly in o-helix and remained unaltered during film
formation as evidenced by the vibrational modes of amide | at 1656 cm~! and amide Ill at 1274
cm~1. Raman results indicated that hydrophobic interaction played an important role in the formation
of zein film and disulfide bonding might be responsible for the structural stability of zein protein during
film formation. To enhance its antimicrobial property, an antimicrobial zein film was manufactured by
incorporating zein protein with benzoic acid whose structure was then characterized by FT-Raman.
It showed that physical entrapment or hydrophobic interaction was crucial to the incorporation of
benzoic acid with zein protein, and the secondary structure of the antimicrobial film was still maintained
in a-helical form. In addition, FT-Raman exhibits its preference in directly determining the thickness
of zein films/coatings. By correlating the Raman intensity ratio of vi003 t0 Vg4 (l1003/84) VErsus the
thickness of zein film, a linear relationship with high coefficient (R? = 0.9927) was obtained, which
was then used pragmatically to determine the thickness of zein coatings on apple. It showed that the
FT-Raman result (thickness = 0.27 + 0.01 mm) was consistent with that of classical micrometric
measurement (thickness = 0.28 + 0.02 mm). Consequently, FT-Raman provides a direct, simple,
and reagent-free method to characterize the structure and the thickness of zein films/coatings.
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INTRODUCTION biodegradable films, including mechanical properties, water

Method to protect food from spoilage is an important issue @bsorption, and barrier properties, depend on their three-
in food industry. The factor causing food spoilage comes mainly dimensional network structure and on the interaction between
from microbial contamination on the food surface-@3). To proteins, plasticizers, and other functional ageits).( Spec-
inhibit microbial growth on the food surface, many techniques trometric studies indicate that the secondary structure of zein
such as dipping, dusting, and spraying are developed to applyin solution was 56-60% in a-helix, 15% in3-sheet, and the
preservatives (antimicrobial agents) to the food surfdeet). remainder of the molecule is aperioditl(12), while Tatham
However, these methods are relatively laborious, and it is et al. report thati-helix predominates in the central domains
difficult to quantify the preservative content resided on food of zein (13). Apparently, elucidation of zein film structure,
surface. Hence, edible films/coatings from biological materials particularly relating to film processing, remains to be clarified.
are then developed for potential uses in food protection and T4 ameliorate the contamination problems of food surface,
preservation. The development of biopolymers for food packag- o incorporation method that combines antimicrobials with film
ing and other applications draws much interest due to the aieria| has recently been developed to strengthen the antimi-
foreseeable environmental benefits. Among them, zein film has ¢ o jq ability of food films (4—18). It is believed that the
received worldwide attgnﬂon beca'us.e of 't.S blodegradable quantity and homogeneity of antimicrobial agents in the film
property and hydrophobic characteristics, which function well and the thickness of film will affect the antimicrobial activity.

as selective barriers (o transport of gases, water vapor, or SOlmeﬁ'hus characterizing antimicrobial edible film becomes of great

(7-10). It appears that macroscopic properties of Zeln_basedimportance. Generally, the structural characterization of anti-
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create serious pollution problems. The development of spec-and 70 mL) of 18% zein solution. After well mixing, aliquots of 5 mL
troscopic methods such as X-raygf and FT-IR @0) enlightens of mixed solution were transferred to a Petri dish for film formation.

a new feature of rapidity and efficiency in structural charac-  FT-Raman Measurement. FT-Raman measurements were per-
terization; however, each kind of spectroscopy exhibits itself formed by using a Bruker RFS-100 FT-spectrophotometer (Bruker
some shortcomings as used in the study of edible films. For OPtik GmbH, Lubeck, Germany). Zein film was put onto a stainless
example, X-ray, although powerful in structural interpretation, steel holder for Raman measurement. Continuous wave near-infrared

suffers from high frequency penetration, which usually damages excitation at 1064 nm was provided by a diode laser pumped Nd:YAG
food i bei ild to f d  d its | laser (Coherent Lubeck GmbH, Lubeck, Germany). The laser light with
ood quality. FT-IR, being mild to foodstuff due to its lower power of 150 mW was introduced and focused on the sample. The

energy characteristics, suffers from sample preparation. Par-scattered radiation was collected at 18@th an ellipsoidal mirror and
ticularly, it is not eligible for water-rich compounds due to its  was filtered, modulated, and reflected back into the highly sensitive
strong absorption of ©H vibrational band. Recently, confocal ~ GaAs detector, which was cooled by liquid nitrogen. Raman spectra
Raman microspectrometry (CRM) and surface enhanced Ramarwere produced over the Raman shift 8500 cmt. Typically, 1000
scattering (SERS) have been used to analyze thin film coatingsinterferograms were co-added at 4 ¢mesolution with a sampling

on poly(ethylene terephthalate)1(—23). Although CRM and time of about 30 min. The intensity ratio of Raman bands 1003'cm
SERS receive promising results on thin film characterization, t© 84 cnT* (11003589 Was used to evaluate the thickness of zein film. A
there remains little Raman-related study of edible zein films so correlative plot of the Raman intensity ratlagss) versus the thickness
far. In both CRM and SERS methods, samples are excited byof zelnf_llms measured by r_mcrometer\_/vas established. Each numerical
a ;/isible light source of which Ra,man signal is readily calculation of the Raman intensity ratio was based on the average of

: S triplicate measurements at least.
overwhelmed by the strong fluorescence interference intrinsi- A practical application of zein protein as edible food coatings was

cally arising from foodstuffs or impurity. The intrinsic yellowish  carried out by dipping apples into 18% (wiv) zein solution. After the
pigmentation of zein protein makes it difficult to use in both  completion of coatings, the laser line was introduced and shone directly
methods in zein study. Recently, FT-Raman has been successento the surface of the sample and the thickness of the zein coatings
fully used to detect food borne microorganisms on food surface was analyzed by the FT-Raman spectrometer according to the simple
(23). The advantages of FT-Raman spectroscopy in food-relatedinear regression on the calibration plot described above. To confirm
study can be categonzed as fO||OWS (1) |t |s free from the feaslblllty Of the FT-Raman technique |n thickness determination,
fluorescence interference, (2) it has less photodecompositionthe zein coatings on the apples were skillfully peeled off and the
as compared to classical dispersive Raman measurement, (3) iih!Ckness was determined by both the FT-Raman spectrometer and the
allows direct sample measurement with no sample destruction, hickness micrometer for comparison.

. : . uantification of Benzoic Acid in Zein Film by HPLC. Analysis

and (4) there is no consuming of unfriendly reagents (2.4)' Here, of l?enzoic acid was carried out on a PRP-1 reve);sed phase 1(¥OA HPLC
we present FT-Raman study on the structure of zein films/ ., 1 (15 cmx 4.1 mm, 5m) (Hamilton Co., Reno, NV) loaded on
coatings with and without incorporation of benzoic acid. We 5 nitachi D-7000 HPLC system (Hitachi, Ltd., Tokoy, Japan). The
also report, for the first time, the FT-Raman application in the system was equipped with a model L-7100 pump, a model L-7420
determination of the thickness of edible zein coatings or films. Uv—vis detector, and a Rheodyne model 7725 injector. Peaks were
It is well-known that the thickness is closely related to the detected at wavelength 230 nm, and acquisition and processing of data
property and function of edible zein films/coatings as a food were completed by Hitachi B-7000 software with AID interface. Mobile
protecting agent. Generally, the thickness of edible films is Phase was prepared by mixing 10 mM phosphoric acid (pH 2.3) and
determined by micrometer. Although direct metric measurement 2cetonitrile at a ratio of 2:3. Buffer solution was degassed with a
has been used most frequently for thickness determination dueBranson 2510 ‘ultrasomc system _(Branson Ultrasonic Corporation,
to its simplicity and directness, it cannot be used as a direct Eanb“ry’.CT) right before employing. Each sample (1 mg/mL) was

. L . . . iltered with 0.45um sterile units (Millipore, Bedford, MA), and 20
method of thickness determination for the fllms/coa_\tlngs dm_ect!y L was injected in the chromatographic system with an optimal flow
onto the food surface. Here, FT-Raman shows its superiority yate A typical analysis could be completed in 15 min with the flow
in structural characterization and direct thickness determination rate of 1.0 mL/min.

of zein coverings/coatings. To study the content of benzoic acid in zein films, about 1.0 g of
zein films sampled from three to four batches of films prepared by the
MATERIALS AND METHODS same treatment was cut into pieces and suspended in 100 mL of 10

mM phosphate buffer solution (pH 3.5) with stirring. Portions of the

Zein, phosphoric acid, and acetonitrile were ordered from Sigma sojution were sampled, filtered, and analyzed by the HPLC method
Chemicals (Sigma Chem. Co., St Louis, MO). Propylene glycol and described before. The quantification of benzoic acid in antimicrobial
benzoic acid were from Hayashi Pure Chemical Industries Ltd. (Hayashi zein film was accomp”shed by a Simp|e linear regression on the
Pure Chemical Industries Ltd., Japan). Alcohol was obtained from ¢ajipration curve 2 = 0.9996), which was constructed according to
Taiwan Wine & Tobacco Co. (Chiayi, Taiwan). Phosphoric acid and the quantitative determination of standard benzoic acid by HPLC
acetonitrile are HPLC grade, while other reagents except zein are of method. The standard calibration curve was set up by plotting the peak
analytical grade. area versus the concentration of benzoic acid standards. Data analysis

Preparation of Edible Zein Films and Their Thickness Deter- was performed via the SAS system (Copyright 199901 by SAS
mination. Fabrication of edible zein films was carried out by following  Institute, Cary, NC).
previous studies (11—13) with some modifications. Briefly, various
thicknesses of cast films were obtained by dissolving zein protein at
different concentrations (8%, 10%, 12%, 14%, 16%, and 18%) in 25 RESULTS AND DISCUSSION

mL of 95% alcohol solution containing 2% propylene glycol as  giryctural Analysis of Zein Protein and Films. With a
plasticizer. An aliquot of 2.0 mL of zein solution was pipetted and put  jnje direct, and noninvasive measurement, Raman spectros-
onto a Petri dish for drying. After drying, zein films formed spontane- copy provides a novel method to determine the secondary

ously and were peeled off from the plate surface. The thickness of . . . . .
zein films was measured at-46 spots with a micrometer (SM-112 structure of protein and disclose the local information of protein

Teclock, Japan). For fabricating antimicrobial zein film, the above Sid€ groups such as tryptophan, tyrosine, phenylalanine, and
procedures were used except that the antimicrobial agent (benzoic acid)Sulfhydryl compounds25—29). Assignments of characteristic
was added into various zein solutions. For example, 2.0 mL of 500 Raman bands were carried out based on previous stugies (
ppm benzoic acid was added into different volumes (30, 40, 50, 60, 28) and are listed ifTable 1. Apparently, the fluctuation of
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Table 1. Typical Wavenumbers of Raman Bands and General Assignments in Protein Structure?

5091

origin wavenumber assignment structural information
cystine 510 S-S stretch presence of gauche-gauche-gauche
conformation; band broadening and/or
shifts may indicate conformational
heterogeneity of cystine residues
525 S-S stretch gauche-gauche-trans conformation
545 S—S stretch trans-gauche-trans conformation
630-670 C-S stretch gauche conformation
700-745 C-S stretch trans conformation
2550-2580 S-H stretch presence of thiol of cysteine residues
tyrosine 850/830 Fermi resonance between ring state of phenolic OH group (exposed or
fundamental and overtone buried, hydrogen-bond donor or acceptor)
tryptophan 760, 880, 1360 indole ring sharp intense band indicates buried residues;
sensitive to environment polarity
phenylalanine 1006 ring breathe conformation insensitive; useful as an
internal intensity standard
aliphatic residues 1450, 1465 C—H bending microenvironment, polarity
2800-3000 C—H stretching microenvironment, polarity
amide | 1655 +5 amide C=0 stretch, N-H wag a-helix
1670 £ 3 amide C=0 stretch, N-H wag antiparallel 5-sheet
1665 £ 3 amide C=0 stretch, N-H wag disordered structure (solvated)
1685 amide C=0 stretch, N-H wag disordered structure (non-hydrogen bonded)
amide Il >1275 N-H in-plane bend, C-N stretch a-helix
1235 + 5 (sharp) N-H in-plane bend, C—N stretch antiparallel 5-sheet
1245 + 4 (broad) N-H in-plane bend, C—N stretch disordered structure
1235 N-H in-plane bend, C-N stretch disordered structure (non-hydrogen bonded)

@ Adapted from Tu (24) and Li-Chan (27).

vibrational modes of amino acids and amide bonds provides
abundant molecular information of protein structutiggure la

andb shows the Raman spectra of zein protein and zein film
manufactured from the same protein, respectively. Both spectra
indicate that the secondary structure of zein protein and film
predominates im-helix as evidenced by the vibrational mode

of amide I at 1654 cm! as well as amide Il greater than 1266
cmL This is in good agreement with earlier studies on zein
structure that the molecular structure of zein protein is in high
content of a-helix (11—13). Tatham et al. suggest that the
o-helix in zein protein is not very flexible and is linked by fairly
rigid structures 13). This fully supports our results that the .
secondary structure of zein protein is very stable and experiences
little change even during the process of film formation.
Characteristic Raman bands of 621 and 1003 'cane assigned

to phenylalanine; 825 and 852 chrepresent vibrational modes
of tyrosine side-chain. Siamwiza et aR9) report that the
tyrosine doublet at 850 and 830 chis sensitive to the nature

of hydrogen bond of the phenol hydroxyl group. If a tyrosine
residue is on the surface of a protein in aqueous solution, the
phenolic OH will be simultaneously an acceptor and donor of
moderate to weak H-bond and that the doublet intensity ratio
(Iss0/830 Will be about 1:0.8 (= 1.25). If the phenolic oxygen

is the acceptor atom in a strong H-bond, the intensity ratio will
be about 1:0.4 (¥ 2.5). If the phenolic hydroxyl is the proton
donor in a strong H-bond, the intensity ratio will be 112=
0.5). As a result, the weak intensity of the Raman stretching at
852 cnt! as compared to the Raman peak at 825 taf zein
protein implies that tyrosine residues in the edible films are in
a buried environment or act as proton donors rather than

ity
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acceptor. As compared to other proteins such as milk protein, Figure 1. FT-Raman spectra in the region of 350-1800 cm~! for (a)
meat protein, seed protein, and lens proteins, zein protein haszein protein, (b) zein protein film without incorporating with benzoic acid,
relatively lower content in tryptophan residue as evidenced by (c) zein protein film incorporated with benzoic acid, and (d) benzoic acid
the uncommonly weak Raman intensities at 760, 881, and 1360standard. Conditions for spectrum acquisition are as described in “Materials

cml, which are assigned to the vibrational stretching of and Methods”.

tryptophan residue. This is consistent with the compositional

amino acid analysis documented in earlier studies, which and lysine 80—32). The Raman band around 520 cheoupling
indicated that corn protein was deficient in tryptophan residue with the lack of Raman stretching in the region of 25@Y00
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Table 2. Recovery Ratio of Benzoic Acid from Zein Films

theoretical value (ppm) HPLC results (ppm) recovery ratio (%) (a)
131 1.29+0.18 98+ 137
155 1,66 +0.16 107+103 L___’v‘_’_’w/\\
1.85 1.84 +0.06 99+3.24
2.28 2.35+0.03 103+1.31 ®)
3.01 3.10+0.05 103 + 1.66
cm! (data not shown) indicates that thiol groups in zein protein ﬁL——J**"""“"‘—"‘"‘/\\
are dominated in the oxidation form+{S bonding). It implies ©

that disulfide bonding plays an important role in maintaining
structural stability of zein protein, which is consistent with
Paulis’s conclusion33). There is a highly spectral similarity
betweerFigure 1aandb except for 828 and 853 cri, which
means that tyrosine residues are more sensitive to microenvi-
ronmental change during film formation. Similar to zein protein,
tyrosine residues in the edible films are in a relatively buried
environment or act as hydrogen donors rather than acceptors
as shown by the weak intensity of Raman stretching at 853 cm

in comparison with the band at 828 ct(29). Reviewing the
spectral results revealed by the characteristic amino acids
coupling with the extraordinary stability of secondary structure,

it implies that hydrophobic interaction plays an important role
in the film formation.

Microbial contamination will reduce the shelf life of foods
and increase the risk of foodborne illness. Antimicrobial agents
such as benzoic acid incorporated into film materials can inhibit T T T T T T
microbial growth on the food surfacel4). The interaction 30010000 1500 2000 2500 3000 3500
between antimicrobial agents and the film materials is quite Raman shift (cm™)
interesting and is believed to be critical to the antimicrobial Figure 2. FT-Raman spectra in the region of 50-3500 cm~ for different
efficiency of the edible films. The mechanism of such antimi- concentrations of zein fims: (a) 8%, (b) 10%, (c) 12%, (d) 14%, (e)
crobial interactions remains to be elucidated. FT-Raman is then16%, and (f) 18%. Conditions for spectrum acquisition are as described
used to characterize the antimicrobial film structure fabricated in “Materials and Methods".
by incorporating benzoic acid with zein protefigure 1cand
d shows FT-Raman spectra of edible zein films incorporating manufactured from different concentrations of zein proteins,
benzoic acid and benzoic acid standard, respectively. Based orwhich results in different thicknesses of zein films. There is no
the analysis of FT-Raman spectra of amide | at 1655'cas significant change of Raman profiles among different thick-
well as amide Il at 1274 crt, it clearly reveals that the  nesses of zein films except for the proportional enhancement
secondary structure of zein film is unaltered and remains mainly in the intensity of some Raman bands. This further confirms
in a-helix as incorporated with benzoic acid. Comparigure that physical interactions instead of chemical reactions are the
1cto b, there were no significant changes in the Raman profile main driving force for the film formation. The intensity of
as benzoic acid was incorporated into zein solution, which characteristic Raman bands such as 1003, 1449, and 2930 cm
implies that no significant chemical bond formed between zein clearly reflects the increase of zein concentrations or the
protein and benzoic acid. However, the microenvironment of thickness of zein films. According to earlier studies, the Raman
tyrosine is affected by the incorporation of benzoic acid as peak of 1003 cm! due to ring breathe is insensitive to
shown by the change of Raman intensity of 857 and 828'cm  conformational change and is useful as an internal intensity
This suggests that physical entrapment or hydrophobic interac-standard (28). The intensity of 1003 cthshown here is,
tion may play an important role in the incorporation of benzoic however, proportional to the thickness of zein films. Thus, the
acid with zein protein. For an antimicrobial film to be effective Raman band of 1003 crh may be used as an indicator of
against microbial growth, the antimicrobial agent should be able thickness evaluation. In contrast, the intensity of Raman bands
to diffuse from packaging material into the food system. Based at 84 cnt? is relatively inert to the thickness change of zein
on the HPLC analysis, more than 95% benzoic acid could be films, although their assignments remain unclear. It may be used
recovered from antimicrobial zein films as shownTiable 2. as an internal reference for evaluating the thickness of zein
The high recovery ratio of benzoic acid from antimicrobial zein films. As shown in the inset dfigure 3, which displayed the
films further supports Raman results that physical entrapment FT-Raman spectra in the region of 50100 cnt?, and the
or hydrophobic interaction between benzoic acid and zein intensity normalized at 84 c, it explicitly demonstrated the
protein may serve the main incorporating mechanism in film proportional relationship between the Raman intensity of 1003
formation. cm~1 and the thickness of zein films. Therefore, the intensity

Thickness Determination of Zein Coatings or Zein Films. ratio of v19o3 t0 vg4 is Used to evaluate the thickness of zein
The performance of edible zein films/coatings depends on their films fabricated from various concentrations of zein proteins.
composition and morphology. Processing with different thick- A linear correlation with high coefficienR¢ = 0.9927) between
nesses may affect their composition and morphology, which in the Raman intensity ratio;goz/s) and the thickness of zein films
turn affects the mechanical and barrier properties of zein films/ is obtained, as depicted figure 3. This illustrates that FT-
coatings.Figure 2 shows the FT-Raman spectra of zein flms Raman spectroscopy is able to provide a direct and easy way
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Figure 3. Correlation of Raman intensity ratio of hgo3s4 Versus zein film
thickness measured by micrometer. Inset: FT-Raman spectra normalized
at the band of 84 cm™1 for different concentration of zein films: (a) 8%,
(b) 10%, (c) 12%, (d) 14%, (e) 16%, and (f) 18%. Spectral intensity
between 900 and 1100 cm~! was enlarged at the same proportion to
observe easily the change of Raman intensity upon different zein
thicknesses. Conditions for spectrum acquisition are as described in
“Materials and Methods”.
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Figure 4. FT-Raman spectra in the region of 350-3500 cm~ for (a)
apple skin, (b) zein film coated onto apple skin, and (c) coated zein film
after being peeled off from apple skin. Conditions for spectrum acquisition
are as described in “Materials and Methods”.

materials are associated with nonfood uses (10). Zein coatings,
on the other hand, have been used to coat nuts and candy for
increased gloss, prevention of oxidation, and development of
off-odors. The hydrophobic nature of zein, water solubility, and
water sorption are lower than or similar to those of other protein
and cellulose films (34,35). Previous studies on the air
permeability of zein coatings also show that oxygen and carbon
dioxide transmission rates are lower than those of low-density
polyethylene (LDPE) as well as cellulose-made films and similar
to those of polyester films at the same testing temperature and
relative humidity (36,37). Bai et al. (10) report that GGand

O, permeability of zein coatings are similar to a typical Shellac
coating. According to their results of zein coatings for apple,
zein coatings are capable of maintaining apple quality similar
to a commercial Shellac formulation, and an extended apple
shelf life can be obtained as compared to noncoated controls
or commercial Carnaubx-coated fruit. Zein coatings thus provide
a reasonable alternative to Shellac and Carnauba wégigime

4, we demonstrate FT-Raman study of zein coatings on apples.

to determine the thickness of edible zein films. Although the Figure 4ais the FT-Raman spectrum of apple skin as laser is
micrometer is usually used to determine films thickness, it introduced and focused on the surfa&égure 4b represents
cannot be used to determine the thickness of food coatings/the spectrum of zein coatings directly onto apple surface whose
coverings. Here, we show a practical application of FT-Raman preparation is described in the “Materials and Methods section”,
on the determination of the thickness of food coatings. Zein while Figure 4c is the Raman spectrum of the zein coatings
coatings are completed by dipping apples into a zein protein after being peeled off from the apple. Comparffigure 4ato
solution as described in the section of “Materials and Methods”. b andFigure 4ato c, the remarkable spectral difference between
Generally, apples are coated with Shellac and Carnauba waxthem is anticipated because the composition of apple surface is
to improve its appearance, to prevent water loss, and to maintaindifferent from that of zein coatings, which is made up of zein
quality through delayed ripening and senescence. However, bothproteins. Raman profile of apple surfadeéiqure 4a) reveals
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the composite structure of apple skin as evidenced by the (3) Maxcy, R. B. Surface microenvironment and penetration of

characteristic Raman bands of 855, 1079, 1124, 1262, 1303, bacteria into meat). Food Prot.1981,44, 550—552.
1610, and 1648 cni. Although the precise compositional (4) Anderson, M. E.; Huff, H. E.; Naumann, H. D.; Marshall, R. T.
interpretation of the composite structure of apple surface needs Counts of six types of bacteria on lamb carcasses dipped or

sprayed with acetic acid at 25 or 5% and stored vacuum
packaged at OC. J. Food Prot.1988,51, 874—877.

(5) Dickson, J. S. Reduction of bacteria attached to meat surfaces
by washing with selected compounds.Food Prot.1988,51,

to be further elucidated, FT-Raman, however, demonstrates
directly the pattern of the surface structure of apple, which is a
mixture of carbohydrate, lipid, and proteins. This also shows

FT-Raman’s distinguished feature for its direct application in 869—873.

food-related study, as compared to the conventional Raman with g Harrison, M. A.; Heinsz, L. J. Shelf life extension of raw brown

a laser source of visible wavelength in which Raman signal is shrimp (Penaeus aztecus) with potassium sorbate in ices and
usually overwhelmed by fluorescence interference. Characteristic dips.J. Food Qual.1989,12, 243—248.

Raman bands such as 522, 622, 642, 830, 855, 1003, 1452, 1605, (7) Rakotonirainy, A. M.; Padua, G. W. Effects of lamination and
and 1656 cm! in Figure 4b and c, which reveal a typical coatings with drying oils on tensile and barrier properties of zein
structural information of zein protein, prove the structural and films. J. Agric. Food Chem2001,49, 2860—2863.

material consistency of zein coatings before and after being (8) Herald, R.J.; Hachmeister, K. A;; Huang, S.; Bowers, J. R. Corn
peeled off from apple skin. Raman bands at 2882 and 2930 zein packaging materials for cooked turkdy Food Sci.1996,
cmt are due to GH stretching, while the band at 3223 cin 2, 415-421.

(9) Wang, Q.; Wang, J. F.; Gell, P.; Padua, G. W. Zein adsorption
to hydrophilic and hydrophobic surfaces investigated by sur-
face plasmon resonancBiomacromolecule2004 5, 1356—

is the vibrational mode of ©H bond. This further supports
our discussion above that zein film, either being coated on or
being peeled off, can be easily differentiated from apple skin 1361,

by FT-Raman, and FT-Raman shows great potential for simply (10) Bai, J.; Alleyne, V.; Hagenmaier, R. D.; Mattheis, J. P.; Baldwin,
and directly determining the thickness of food coatings or E. A. Formulation of zein coatings for appleédlus domestica
packing films. Based on the linear regression analysis, by using Borkh). Postharvest Biol. TechnoR003,28, 259—268.

the correlative diagram dfigure 3, the thickness of both zein (11) Wang, Y.; Rakotonirainy, A. M.; Padua, G. W. Thermal behavior
coatings, before and after being peeled off, is determined to be of zein-based biodegradable filmStarch2003,55, 25-29.
0.27 4+ 0.01 mm. This is very close to the one determined by (12) Lai, H. M.; Geil, P. H.; Padua, G. W. X-ray diffraction

thickness micrometer, 0.28 0.02 mm. As mentioned before, characterization of the structure of zein-oleic acid fildhsAppl.
thickness micrometer cannot be used for the thickness deter- Polym. Sci1999,71, 1267—1281.

mination of edible films or covering/coatings direct on food ~ (13) Tatham, A.S.; Field, J. M.; Morris, V. J.; 'anson, J. K.; Cardle,
surface. In contrast, FT-Raman method is able to directly L.; Dufton, M. J.; Shewry, P. R. Solution conformational analysis

of the a-zein proteins of maizeJ. Biol. Chem.1993, 268,
26253—26259.

(14) Fahrenholz, J. M.; Simon, R. A. Adverse reactions to benzoates
and parabens. IRood Allergy: Adverse reactions to foods and
food additives; Metcalfe, D. D., Sampson, H. A, Simon, R. A,

determine the thickness of zein coatings/films.

In conclusion, FT-Raman spectroscopy demonstrates itself
as a powerful tool to be applied in the study of zein protein
and films. Being free from fluorescence interference as well as

free from pollutant chemicals usage, FT-Raman can be either Eds.; Blackwell Publishing: Malden, MA, 2003; pp 36976.
qualitatively characterizing the molecular structure of zein films,  (15) weng, Y. M.; Hotchkiss, J. H. Inhibition of surface molds on
with or without incorporating antimicrobial agent (benzoic acid), cheese by polyethylene film containing the antimycotic Imazalil.
or quantitatively determining the thickness of zein coatings/ J. Food Prot.1992,55, 367—369.

films. Based on the FT-Raman results, it shows that the (16) Weng, Y. M.; Chen, M. J. Sorbic anhydride as antimycotic
secondary structure of zein protein is mainlyirhelical form additive in polyethylene food packaging filfiood Sci. Technol.
and is uncommonly stable during film formation. As demon- 1997,30, 485-487.

strated by the characteristic Raman bands of major amino acids, (17) Weng, Y. M.; Chen, M. J.; Chen, W. Antimicrobial food
physical entrapment or hydrophobic interaction plays an im- packaging materials from poly(ethylese-methacrylic acid).
portant role in the incorporation of benzoic acid with zein Food Sci. Technoll999,32, 191-195. o

. R, L . T (18) Quintavalla, S.; Loredana, V. Antimicrobial food packaging in
protein, and disulfide bonding is crucial to maintaining structural

- . . . . . meat industryMeat Sci.2002,62, 373—380.
stability of zein protein. The Raman intensity ratio lgfosiss (19) Kaltsas, G.; Glezos, N.; Valamontes, E.; Nassiopoulou, A. G.

can be applied to determine the thickness of zein coatings or Thickness determination of thin films based on X-ray signal
f||m Coverings d|reCt|y upOﬂ fOOd prOdUCtS In ShOI’t, in '[hIS decay law.Surf. Interface Ana|lgg8'26' 876—884.
investigation, near-infrared Raman spectroscopy proves itself (20) Yang. H.; Irudayaraj, J.; Sakhamuri, S. Characterization of edible
to be a powerful technique in qualitatively characterizing film coatings and microorganisms on food surfaces using Fourier
structure and quantitatively determining the thickness of zein transform infrared photoacoustic spectroscdigypl. Spectrosc.
films/coatings. 2001,55, 571-583.

(21) Ghygesen, L. G.; Lokke, M. M.; Micklander, E.; Engelsen. S.
ACKNOWLEDGMENT Vibrational microspectroscopy of food. Raman vs FT-TRends

Food Sci. TechnolR003,14, 50-57.
We thank for Prof. Mong Liang (National Chiayi University)  (22) McAnally, G. D.; Everall, N. J.; Chalmers, J. M.; Smith, W. E.

for his assistance in reading this manuscript. Analysis of thin film coatings on poly(ethylene terephthalate)
by confocal Raman microscopy and surface-ehnanced Raman
LITERATURE CITED ScatterlngAppI SpeCtrOSC2003,57, 44-49.
(23) Yang, H.; Irudayaraj, J. Rapid detection of foodborne microor-
(1) Dickson, J. S.; Anderson, M. E. Microbiological decontamination ganisms on food surface using Fourier transform Raman
of food animal carcasses by washing and sanitizing systems: A spectroscopyd. Mol. Struct.2001,646, 35-43.
review. J. Food Prot.1992,55, 133—140. (24) Weng, Y. M.; Weng, R. H.; Tzeng, C. Y.; Chen, W. Structural
(2) Chung, K. T.; Dickson, J. S.; Crouse, J. D. Attachment and analysis of triacylglycerols and edible oils by near-infrared
proliferation of bacteria on meal. Food Prot.1989,52, 173— Fourier transform Raman spectroscopypl. Spectrosc2003,

177. 57, 413—-418.



Structural Investigation of Edible Zein Films/Coatings

(25) Tu, A. T. Peptide backbone conformation and microenvironment
of protein side-chains. Ii$pectroscopy of Biological Systems;
Clark, R. J. H., Hester, R. E., Eds.; Wiley Press: New York,
1986; pp 47—-112.

(26) Liao, Y. H.; Wang, C. H.; Tseng, C. Y.; Chen, H. L.; Lin, L.
L.; Chen, W. Compositional and conformational analysis of yam

proteins by near-infrared Fourier transform Raman spectroscopy.

J. Agric. Food Chem2004,52, 8190—8196.

(27) Ma, C. Y.; Rout, M. K.; Chan, W. M.; Philips, D. L. Raman
spectroscopic study of oat globulin conformatidnAgric. Food
Chem.2000,48, 1542—1547.

(28) Li-Chan, E. C. Y. The applications of Raman spectroscopy in
food scienceTrends Food Sci. Techndl996,7, 361—370.

(29) Siamwiza, M. N.; Lord, R. C.; Chen, M. C.; Takamatsu, T.;
Harada, I.; Matsuura, H.; Shimanouchi, T. Interpretation of the
doublet at 850 and 830 crhin the Raman spectra of tyrosyl
residues in proteins and certain model compouBdschemistry
1975,14, 4870—4876.

(30) Sure, B. Improvement in whole yellow corn with lysine,
tryptophan, and threonind. Agric. Food Cheml1953,1, 626—
629.

(31) Sodek, L.; Wilson, C. M. Amino acid composition of proteins
isolated from normal, opaque-2, and floury-2 corn endosperms
by a modified Osborne procedur®. Agric. Food Chem1970,

19, 1144—-1150.

J. Agric. Food Chem., Vol. 53, No. 13, 2005 5095

(32) Bressani, R.; Marenco, E. The enrichment of lime-treated corn
flour with proteins, lysine and tryptophan, and vitamihsAgric.
Food Chem1963,11, 517—522.

(33) Paulis, J. W. Disulfide structures of zein proteins from corn
endospermCereal Chem1981,58, 542—-546.

(34) Krochta, J. M. Control of mass transfer in foods with edible
coatings and films. IPAdvances in Food Engineeringingh,

R. P., Wirakartakasumah, M. A., Eds.; CRC Press: Boca Raton,
FL, 1992; pp 517-538.

(35) Guilbert, S. Technology and application of edible protective
films. In Food Packaging and Preseation; Mathlouthi, M.,
Ed.; Elsevier Applied Science: London, UK, 1986; pp 371
394.

(36) Kester, J. J.; Fennema, O. Edible Films and Coatings: A Review.
Food Technol1986,40, 47-59.

(37) Park, H. J.; Chinnan, M S.; Shewfelt, R. L. Edible corn zein
film coatings to extend storage life of tomato&sFood Process.
Presery.1994,18, 317—331.

Received for review January 20, 2005. Revised manuscript received

April 11, 2005. Accepted April 30, 2005. Financial support (NSC-92-

2214-E-415-003 and NSC-92-2113-M-415-008) from the National Science
Council of Taiwan is much appreciated.

JF0501490



