acta phys. slov. 33 {1983), No. 3

STUDY OF STRUCTURAL CHANGES IN SURFACE
LAYERS OF APPLES DUE TO CORONA DISCHARGE")

P. VEIS?), E. VEISOVA?), M. TEGELHOFOVA?), Bratislava

The influence of the corona discharge of both polarities on the change in the structure
of protective layers of apples was investigated in the atmosphere of air and CO; at
atmospheric pressure. The qualitative analysis of the protective wax and cellulosic peel of
apples was carried out by IR absorption spectroscopy on samples after both natural
ageing and effect of the corona discharge.

M3YYEHWE CTPYKTYPHBIX W3IMEHEHHHA B TMIOBEPXHOCTHBIX
ClI0AX ABIOK, OBYCJOBJIEHHBIX KOPOHHBIM PA3PHIOM

B pa60oTe IPHBOAATCA PE3YNLTATEL HCcNenoBanHit BAMSHEA KOPOHHOTO paspsia ofenx
monApHOcTell B BO3fyXe H B CO, npu armochepHOM NABICHEA H2 H3MEHEHUS
B CTPYKTYPE 3aLIHTHBIX CJIOCB 610K, BBHITTONHER TaKXe KaYeCTBEHHBIH aHAJIH3 3aLUT-
HOro MaTepuana ¥ KNETIaTKA KOXHAIB! 46I0K Ha OCHOBE CIIEKTPOCKOMKH HH(ppakpacHo-
10 HOTTONIEHAA Ha 06pa3NaX OCKE ECTECTBCHHOTO cTapeHus ¥ HOCNe BAKAHAS KOPOHHO-
ro paspsja.

1. INTRODUCTION

The solution of the given problem was initiated by information on using
jonization to change the stability of foodstuffs [1]. The present work discusses the
study of structural changes in surface layers of apples by IR absorption spectros-
copy. Two kinds of samples were investigated : the protective apple wax, mechani-
cally removed from the apple surface and the cellulosic peel. The samples were
exposed to both the positive and the negative corona discharge in air and CO..
Several publications [2, 3] describe the origin of active particles formed in
discharges in the atmosphere of air and CO,, less attention is paid to their effect on
the change in the material structure.

1) Contribution presented at the 4th Symposium on Elementary Processes and Chemical Reactions in
Low Temperature Plasma in Stars Lesnd, May 24—28, 1982.

2) Katedra experimentilnej fyziky MFF UK, Mlynsk4 dolina, 842 15 BRATISLAVA, Czechos-
lovakia. i

B VUK]I, Tovirenski 14, 815 71 BRATISLAVA, Ciechoslovakia.
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1I. METHODS

The experimental apparatus, used for generating the corona discharge, consisted
of an electrode system for the corona discharge, an electrical unit and a vacuum
unit. The latter is shown in Fig. 1. The HT electrode was created from a system of
18 planar W wires, with a BB,H length of 1.8 m and 0.1 mm in diameter. Within
a variable distance (in the case of our measurements 10 mm), in parallel with the
plane of the wires a brass electrode was mounted, carrying the sample. A _u&mo
generator of both polarities, externally filtered, served as the HT source. The
volt-ampere characteristics of a corona discharge are given in Fig. 2., where the
working values are marked by the abscissa. The acting period of the discharge was
in the range of 50—60 min. :
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Fig. 1. Diagram of the apparatus for generating E.n. 2. Volt-ampere nrwnwao_.._.&nm of the corona
the corona discharge. discharge.

The sample structure was identified from IR absorption spectra scanned from
the following spectrometers: PE-180 with the range of 4000—400 cm™*, and
UR-10 within the range of 5000—400 cm*. The samples for spectrum scanning
were prepared by the KBr tabletting technique on using a microilluminator.

[IL. STRUCTURE OF THE INVESTIGATED SAMPLES

Natural vegetable waxes have the structure of esters of higher fatty acids with

monofunctional alcohols. They represent a mixture of esters, the individual
components of which are difficult to separate. :

The substantial part of uom_m consists of vegetable tissue, ie. cellulose. It is
a non-reducing poly-saccharide, highly resistant against environmental effects.
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IV. IR SPECTROSCOPY ANALYSIS OF THE STRUCTURE
OF THE INVESTIGATED SAMPLES
A

The structure of the given products was characterized on the basis of groups
present in the IR spectrum. The absorption bands were coordinated empirically
according to literature [4, 5]. From the changes in the IR spectrum the stable
changes, arisen in the structure due to the disdharge, were evaluated.

Fig. 3 shows the spectra (in the range 2000—700 cm™") of apple wax in the
orignal state (1), after the action of the positive (2) and the negative corona
discharge generated in air (3). On comparing the spectra it can be seen that the wax
structure is changed in both cases. The decrease of the absorption band of the
vC=0 esters groups is the most marked in the region of 1740 cm™.

Fig. 3. IR spectra of apple wax: (1) in the original

state; (2) after the action of the (+) discharge in

air; (3) after the action of the (—) discharge in

air; (4) after the action of the (+) discharge in

CO,; (5) after the action of the (-) discharge in
CO,.

In a positive corona discharge the decrease of esters band is due to the hydrolytic
destruction to acids and alcohols. In the spectrum there is an increase of the
absorption band of the vC=0 dimers of aliphatic acids and the v.C— O acids in
the region of 1690 cm™ and 1270 cm™, respectively.

With a negative corona discharge the absorption band increase is the region of
1650 cm™*, in evidence of the growth of nitrate groups (-ONO;). The absorption
band in the region of 1370 cm~! can be interpreted as a growth of CH, groups
(these can be formed at a chain scission), as well as by a symmetrical vibration of
the nitro-groups (-NO:). :

With a positive corona discharge in CO; (4) the minimum change was in the
absorbance of the ester band. An increase of the absorption bands of the c-0-C
bonds has been observed. These bonds can be produced by crosslinking reactions.

With a negative corona discharge in CO, the loss of the absorption band of ester
groups is also lower than in air. The growth of absorption is marked in the region of
1620—1650 cm™* and 1530 cm™, being probably connected with the formation of
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secondary amides of acids (~CONH). It can be admitted, as the technical grade
CO, contains air, too. In the region of 960—880 cm ™' there are increasing
absorption bands of deformation vibrations double bonds which prove degradation
processes.

Both the positive and the negative corona discharge was appled also to apple
peels. The mcao:.o.nvoonmnm__w observed structural changes were not sufficiently
marked. gt

V. CONCLUSION

With a forced ionization of air [2], ozone and E:dmauoﬁaamo»uco 8859.3
as the most reactive formations. The negative jons of oxygen are apt to take part in
crosslinking reactions by linking to double bonds, but after longer action they cause
a scission of bonds. In the primary stage a corona ddischarge in air generates
nitrogen oxides, apt to react with a hydrocarbon chain and create a stable groups of
esters of nitrid acid 6]

with forced jonization in the positive and the negative corona discharge in the
atmosphere of CO, various types of ions are formed: CO”, o+, 03, COz, COs,
COj;, which are able to create complex ions.

For evaluating the structural changes in apple wax we give the ratio of
absorbances of ester band to the correlation band of the CH; chain in all the
compared samples (marking as in Fig. 3):

1 2 -3 4 5
Ac-o/Ac, 0.89 0.61 0.51 0.81 0.69

It is evident that the minimum degradation of ester occurs with a positive corona
discharge in the atmosphere of COz, the maximum degradation with a negative
corona discharge in air. .
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