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Abstract

Preparation of oligosaccharides from chitosan aadalginate were done usingrays and HO, as oxidizing
agent. Structural and molecular weight changesuol ®ligosaccharides were determined by GPC, FadAR
UV-Vis. spectroscopy. FT-IR and UV-Vis. studies ealed that during radiation degradation processnthin
polysaccharide chain structure was almost remaiiée. effects of spraying 100 ppm of oligochitosan o
oligoalginate or both of them with different ratios the growth of zea maize plants showed an emnaeat of
plant growth performance and the productivity & #ame time suggesting their possible use in dtrieu
purposes as growth promoters for plants.
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1. Introduction

Recently, there is a tremendous potentialifing polymers in agriculture. In the last decafimctionalized
polymers revolutionized the agricultural, horticmitl and food industry with new tools for the malkec
treatment of diseases, rapid disease detectiomneitty the ability of plants to absorb nutrientsBfThere is a
worldwide trend to explore new natural productd thet as growth promoters for plants and that cbrtost-
harvest pathogenic diseases, giving priority td grhance the plant productivity, reduce diseasglémce and
avoid negative and side effects on human healtha a®sult of the excessive application of synthetic
agrochemicals. Among of them chitosan, alginateasrageenan, a high molecular natural polymer, ;mant
bioactive agent has become a useful appreciategp@momds due to its bio-fertilizer, promotion of gémation
and shoot elongatidfl,as a growth stimulator on growth and yield of rieéieat, maize, black pepper, bean,
cabbage, peanut, soybean, tomato, cotton, strayBrrin orchid tissue cultur®, fungicidal effects or
elicitation of defense mechanisms in plant tissii€stimulation of growth of bifidiobacteria to resisfection
of diseases for plants particularly oligochitosanapriculture as biotic elicitor to enhance defersgponses
against diseas@éFand suppression of heavy metals stf&ss.
Different processing technologies have been appbiedlansfer natural polymers into the marketabledpcts.
Radiation processing offers a clean and additiee fmethod for preparation of value-added novel riadge
based on renewable natural polymers which can bd irs various applications including health camd,
polymer processing industry and environment. Tdilfuhe demands of specific applications, the maktu
polymers need to possess different characterisiicsexample, while for agricultural applicationgdiation
processing should lead to the formation of lowetemwalar products. For the environmental applicaidemand
the formation of crosslinked network structures. plassess wound healing characteristics of natwiginers,
incorporation of such as natural polymers with #ediocompatible and wound healing charactersstio
synthetic polymers can produce biomaterials. Nowsdaadiation modification and degradation of nalur
polymers to obtain low molecular weight polysacaies or oligosaccharides were used for developwienéw
applicagg)rfss]. Irradiation of alginate or chitosad to the reduction of molecular weight by scissibglycosidic
linkage:™

Alginates are the major components of br@saweed cell walls. Oligoalginates have been obtaby
digestion of alginates with an alginate lyase, featment withy-radiation, or by acid hydrolysis. In particular, i
has been shown that alginates, depolymerized usiagliation, at concentrations of 0.5-1 mg/ml, emiean
growth of rice and peanut plants cultivated hydrapally*® In addition, a mixture of oligoalginates obtained
by degradation of alginates with a bacterial algirigase, at a concentration of 0.5-3 mg/ml, statad growth
of roots in lettucé” stimulated elongation of carrot and rft8.Oligoalginates obtained by degradation of
alginates withy-radiation, at a concentration ranging from 0.0Dtb mg/ml, increased shoot and root length,
shoot dry weight, content of total chlorophylls azetotenoids, nitrate reductase activity involvadhitrogen
assimi{lga}igcl)n, and alkaloid contents, mainly morghiand codeine, in opium poppy (Papaver somniferum)
plants:™
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Chitosan is one of the most important magokysaccharide has many peculiar biological atiisisuch as
immunity, norcholesterol and antibacteffa£" Degradation of chitosan is usually used, turningosan into
one with low molecular weight which exhibits gooditer solubility. The water-soluble chitosan wittwlo
molecular weight has some special biological, cleahnd physical properties which are differentrfrthat of
the ordinary chitosan such as antibacterial agti€ft antifungal activitf® and antitumor activit{?” Due to
many unique properties such as biocompatibilitgdbgradability, nontoxicity and nonantigenicityjtoban has
been widely applied in medicine, biotechnology, ewattreatment, agricultural and food sciefide.
Oligochitosans have received much attention asltamative value-added product because of theiadiivity
and other novel biological propertié¥.

The main objective of the research waddbarate the method gfirradiation of Na-alginate and chitosan

to get different oligomers and studying the effefcsuch oligomers on the growth promotion and potidity of
zea maize plants.

2. Materialsand M ethods

2.1. Materials

Chitosan (CS), degree of deacetylation 85% of hgblecular weight, Aldrich. Na-alginate (Alg), ofdhi
molecular weight was supplied from Nice lab, Inditydrogen peroxide (30,) 30%, Loba chemie. Zea maize
seeds from Agrochemical Company for productionesfds and agricultural crops, Egypt.

2.2. Preparation of Oligoalginate and Oligochitosan by y-irradiation
5% chitosan (in 1% lactic acid) or 5% Na-alginatrevprepared then treated by 1% (v/wpDkand mixed well
to be irradiated by-rays at different doses of 25, 35 and 45 kGy.

2.3. Determination of the Molecular Weights
The number average molecular weights of the dedrgo@lymers were determined by Gel permeation
chromatography (GPC) 1100 Agilent instrument.

2.4. Ultra Violet Spectroscopy (UV-Vis)
UV absorbance was measured by a UV-Vis spectropteter JASCO V-560, Japan, in the range from 190 to
900 nm.

2.5. Infra-red Spectroscopy (FT-IR)
The transmittance was carried out in the form ofr KRllets in the range of 400-4000 tmsing infra red
spectrophotometer using JASCO FT-IR 6300, Japan.

2.6. Growth Promotion Test

The effects of spraying the oligoalginate, oligdokan and the binary mixture of them on growth prtom
were evaluated using zea maize plants as a moHelcdncentration of 100 ppm was used. The test figls
divided into three groups of irradiation treatmeft25, 35 and 45 kGy. Each group divided into ddfe
separate lines. After plantation of 15, 30, 45 &0ddays, each three lines of plants were sprayetiOByppm
solution of

(a) Oligoalginate (Alg) prepared byirradiation at 25 kGy
(b) Oligochitosan (CS) prepared pyrradiation at 25 kGy
(c) Oligoalginate/Oligochitosan (Alg/CS) (1/1) prepatady-irradiation at 25 kGy
(d) Oligoalginate/Oligochitosan (Alg/CS) (1/2) prepatwyy-irradiation at 25 kGy
(e) Oligoalginate/Oligochitosan (Alg/CS) (1/2 ) prepatwyy-irradiation at 25 kGy

The same method of spraying was repeated at fgoalljinate or oligochitosan prepared+biyradiation at 35
and 45 kGy. The growth rate of the plants is comgavith control lines (untreated plant).
The increase in the grain yield of zea mzize plafter dryness for control and treated plants lgoalginate,
oligochitosan and binary mixture of them accordimghe following equation:

The increase in grain yield (%) = (6 G)/G.)*100
Where G and G are the grain yield of zea maize for control sasmnd the grain yield for zea maize plants
treated by different types of prepared oligomers.
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2.7. Statistical Analysis
The experiment was carried out with three block$ wiree replicates for each treatment. Data weatestcally
processed by analysis of variance (ANOVA).

3. Results and Discussion

3.1. Degradation of Chitosan and Na-alginate by y-irradiation

Fig. 1 shows the effect gfirradiationand oxidizing agents as,8, on the molecular weight of chitosan and
Na-alginate solutions at the irradiation dose o#3%Gy. It was found that the molecular weighthbftosan or
Na-alginate decreased with increasing the irraatiatiiose. Meanwhile, the addition of,® during the
irradiation process accelerates the degradatioregs) decreases chitosan and Na-alginate moleeeigint and
reduces the dose required for degradation of chit@ad Na-alginate. The molecular weight of uniatzt
chitosan and Na-alginate was 1900 and 2400 kDpeotisely. Using 45 kGy, the molecular weight oftakan
and Na-alginate became 125 and 320 kDa, respectiMdanwhile, in presence of,8, the molecular weight
decreased to 10.5 and 15 kDa, respectively. Ibisows that there is a synergistic effect on thgrdeation rate
of chitosan and Na-alginate when the radiation @seavas carried out in the presence gdHvhich enhances
and accelerates the rate of polymer scission. €halts are agreed well with previous rep8r&>?"*After
irradiation the resultant oligochitosan and oligi@éite solutions were directly used as a bioticiteli for plants.

In a previous report, the molecular weight obtaikeding y-irradiation of chitosan (solid form as a paste) in
presence of 10% 4@, at 120 kGy was 8.5 kD& While, in our experiment, 5% chitosan solution tedming
1% H,0O, was degraded by-irradiation at 45 kGy to 10.5 kDa. The degradatirate of chitosan derivatives
irradiated in solution is much higher than thatdliated in paste like form. The irradiation dosquieed for
degradation of chitosan derivatives is low if comgohwith that in paste like form. The water radsiyproducts
like "OH radicals have a great effect on positive dediadaf chitosan derivatives. The irradiation inutimn
form is better than that in solid form which redsitiee required dose for degradation.

Polysaccharides are typical degradable materiaderionizing radiation through thg(1-4) glycosidic bond
cleavage resulting in the reduction of their molacwveights.The reason is due to the formation yafrbxyl
radicals {OH) through the radiolysis of water and®4 as illustrated in the following equatiofs!

H,O +y-rays ——®  ‘OH, eaq H, H;0,, H,, H', OH

HO, — DH ~

Furthermore, during the irradiationgand’H can react with

H,0, as follows: B

€ aq + H,0, —» 'OH+OH

H +H,0p ——» H,0+OH

Hydrogen peroxide is substantially more acidic thater and formed perhydroxyl anion which is ingdt’
The decrease in stability of,8, is caused by the instability of the HQ@-rays increase the decomposition of
H,0,. The perhydroxyl anion reacts withy®} to form the highly reactive hydroxyl radical (HO

H0, — 5  H+HOO ~

H,0,+HOO —  » HO+ O, + H,O

In general hydroxyl radical reacts with carbohydsaexceedingly rapidly, abstracting a C-bonded émat
according to the general equation:

R-H+HO — R+ H,0O

These radicals then undergo further reactions befoding up as products as follows:
R(C,,G)——» [+ F(scission)

where R-H polysaccharide macromolecule{(R and R, F, are fragments of the main chain after scission
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Fig. 1: The average molecular weights of chitosan analgaate 5% solution using GPC afteirradiation at
different doses; (®) chitosan + y-rays, ©) chitosan + 1wt% kD, + y-rays (¥) Na-alginate +-rays and 4) Na-
alginate + 1wt% KO, + y-rays.

3.2. Characterization of chitosan and alginate Oligomers

3.2.1. UV-Vis Spectroscopy

UV-Vis spectra of unirradiated and irradiated ckito and Na-alginate were illustrated in Fig. 2. Hur
unirradiated and irradiated chitosan Fig. 2A, thare two absorption peaks at 275 and 315 nm weserokd.
The intensity of these peaks increased with indngathe irradiation dose. These two peaks may letdiuthe
presence of unsaturated carbonyl and carboxyl grolipe obtained results are consistent with theperted
previously®?

For the unirradiated and irradiated Na-alginate BB, there is a new absorption band around 275r28@&nd
the band intensity increases with increasing thediation dose. This can be assigned to unsatutaiads of
Na-alginate formed after main chain scission anhjairogen abstraction reaction occurred duringlietion
The aqueous solution Na-alginate pall yellowishocahat changed to brown by radiation confirmed the
formation of the unsaturated bonds. As the expodoee increases, the brown color intensity chatgekeep
ones.
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Fig. 2: UV-Vis spectra of (A) chitosan and (B) Na-alg@atinirradiated polymer (—) and the irradiated 5%
polymer solution in presence of 1wt%®4 at () 25, (---) 35 and (-) 45 kGy.

3.2.2. FT-IR spectroscopy

FT-IR spectra of unirradiated and irradiated clitoand Na-alginate were illustrated in Fig. 3. RTspectrum
of chitosan Fig. (3 A, curve a) shows distinctiEsarption bands appear at: 3440°crOH and —NH), 2875-
2920 cmt (C-H stretching), 1638 ci(the stretching of amide C=0), 1598 (-NH bend)3722n" (amide —
NH), 1156 crit and 1097 ci corresponds to the ether bond of saccharine rihg. §pectrum of irradiated
chitosan Fig. (3A, curves b, ¢ and d) exhibited hnodghe characteristic absorption peaks of nativibosan but
with some differences. For instance, the increaghe ratio of hydroxyl groups at 3445 tdue to the decrease
in the inter- and intra-molecular hydrogen bondirgween —OH and —NHjroups of chitosan resulting from
the scission of glycosidic bonds leads to the faimnaof hydroxyl group, which is manifested as aorease in
the ratio of hydroxyl group. The characteristic kgat 1638 ci (—C=0) and 1385 cth(C—-O stretch vibration)
were shifted to higher wavenumber and its intensgityreased with increasing the irradiation dosectvhi
manifested the formation of carbonyl or carboxyeafiegradation. In general the changes in spectiirmed
that carbonyl or carboxyl groups were formed, padimino groups were eliminated and/ or slightlynearing
opening occurred during the radiation degradatimegss of chitosan.

In the spectrum of native Na-alginate in Hg.B, curve a), the peaks at 3390 and 1095-103% amm
attributed to hydroxyl and C-O-C groups, respebtivEhe asymmetric and symmetric stretching of oaytate
vibrations appeared at 1620 and 1420 cmespectively*” The spectrum of irradiated Na-alginate Fig. (3 B
curves b, ¢ and d) exhibited most of the charatterabsorption peaks of native Na-alginate bubwibme
differences. For instance, the bands at 1620 dor carboxylate groups, at 3340 for OH groupsl aat 1035
cmi* and 1095 for (C-O stretching) which became broadd shift to another wavenumbers. The spectrsm al
showed the new bands appeared at 1723. ¢the spectra indicated that the formation of caybgroups
suggesting that ionizing radiation treatment undetreme conditions broke the glucosidic bonds viith
change of the structure of reducing end residuefamdation of —C=0 groups. Also, the scission ofcgksidic
bonds leads to the formation of hydroxyl group, akhis manifested as an increase in the ratio ofdxyd group
peak at 3425 crh
The FT-IR results of oligoalginate or oligochitosaxhibited most of the bands as the original ondicating
that the main polysaccharide structure of the teguloligomers still remained, the proposed mecsranof
degradation of chitosan and Na-alginate irradiatdijuid state could be illustrated in Scheme (1)
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Fig. 3: FT-IR spectra of (A) chitosan and (B) Na-alginateirradiated polymer (a) and the irradiated 5%
polymer solution in presence of 1wt%®} at (b) 25, (c) 35 and (d) 45 kGy.
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Scheme (1): Proposed mechanism of radiation induced degraudaf chitosan and Na-alginate

3.3. Growth Promotion Effect of Chitosan and Na-alginate Oligomers on Zea Maize Plants

The aim of the agricultural tests was to meixe@ the effect of spraying 100 ppm of oligoalg@at
oligochitosan and binary mixture of them on gropthmotion of the zea maize plants. Fig. 4. showicture
of zea maize plants after 30 days of plantation tamated two times by spraying the prepared oligsnoa the
surface of plants. The treatment of plants wasiezmwut three times of different ages at 15, 30 4bdlays of
plantation. It was obvious that the treatment &f m®ize plants with the different oligosaccharidbtained by
y-irradiation in presence of 1%,8, enhances zea maize plant growth promotion andeaince.

Table (1) describes plant length (cm), pape€lth (cm), ear length (cm), 100 grain dry weig@dp}, dry ear
weight (g) and grain yield/ acre (ardab) of toted of zea maize obtained after the different trestt by
spraying the plants 3times, completing the sea$qiiamtation (about 3 months and 20 days) and diynEig.
5. shows the increase in grain yield (%) of croa m®ize after different treatment by prepared ofigs. It was
observed that the highest growth was obtainedHosé plants treated by the oligomers prepared &G450f
irradiation in presence of J,. Compared to control one, the treatment of plamth different types of
oligomers showed growth promotion effect followénd torder of oligomers prepared at 45 kGy > olig@mer
prepared at 35 kGy > oligomers prepared at 25 Kb treatment of zea maize palnts by oligoalgineds
better than oligochitosan. The lower molecular \Weigf alginate obtained by-irradiation, the higher the
growth promotion effect. The spraying of zea maitants with binary mixture of oligoalginate/ oligutosan
especially the ratio of (2/1) has a promising dffex the growth. Compared to control plants, theréase in
grain yield (%) of crop zea maize by treatment lagjaalginate prepared at 25, 35 and 45 kGy was3L6/ and
47.3 %, respectively. While, the increase in graald (%) by the treatment of oligochitosan was, 26.2 and
40.6 %, respectively. The effect of mixing the obidginate and oligochitosan prepared at the saradiation
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has promising effect on increasing the grain yigldp. Also, with increasing the ratio of oligoalgte in the
binary mixture increases the yield. The mixtureldjoalginate/ oligochitosan prepared at 45 kGyhwiite ratios
of (1/1), (1/2) and (2/1) enhances the increasgidld crop as followed 39.8, 48.1, 53.9 %, respetyi The
mixture of oligoalginate/ oligochitosan with ratad (2/1) prepared at 45 kGy gives plant length (cpgper
width (cm), ear length (cm), 100 grain wt (g), @dr(g) and grain yield/acre (ardab) 313, 12.2, £47.54, 393
and 36.1, respectively if compared with that oftcoinone (untreated) which gives 266, 9.8, 25, 822 and
23.45, respectively.

In a previous repoft=® the grain yield/acre (ardab) during the treatnwnlants byy-irradiation alginate
or chitosan (solid form as a paste) in presenck086 HO, at 120 kGy was 26.7 and 25.8 ardab, respectively.
While, in our experiment, 5% alginate or chitosalusons containing 1% D, was degraded by-irradiation
at 45 kGy enhanced to 35.5 and 32.8 ardab, respctivith an increase about 33 and 28 % in thedyiel
respectively. The irradiation in solution form istter than in solid form which reduces the requidede for
degradation.

It was reported that the oligoalginate prepéby irradiation promoted the growth and develeptrof crop
plants (rice, peanuts, barley, and soybeHBfigLhitosan has a positive impact on plants growthvals reported
that irradiated chitosan solution is effective &npgrowth enhancer. Chitosan enhances the vegegitowth
in terms of the average values of stem length, mumolb growing leaves, including leaf width and léngThe
use of irradiated Na-alginate improved the qualitynaize plant. The grain size, grain weight, tgtadtein and
total oil (%) increased if compared with the cohtvoe. The alginate oligomers generated by de-petization
of Na-alginates have been reported to stimulateplaet growth, seed germination and shoot elongaitio
plants™™=® They act as signal molecules that regulate plaowvilp and development as well as the defense
reactions in plants by regulating gene expressidie results suggest that alginate derived oligdsaide
probably applied as leaf-sprays improved the groatthibutes, enhanced the acceleration of the roétab
activities, photosynthetic capability and enzymévities 22"
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Fig. 4: Effect of spraying 100 ppm of oligoalginate oigokchitosan or binary mixture of them with diffeten
ratio and different irradiation doses on growthmaodion of zea maize plants after plantation of agsd
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Table (1): Effect of spraying 100 ppm of oligoalgfie, oligochitosan and binary mixture on crop yigldea
maize plants

Dose  Treatment Plant  Paper Ear 100 Ear Grain
length, width, length, grain  wt Yield/
(cm)  (cm)  (cm) wt(g) (9  acre

(ardab)

0 kGy Control 266 9.8 25 22.35 256 23.45
Alg 263 10.3 26 2473 278 2547

Cs 268 10.5 25.8 2325 270 2474

Alg/CS(1/1) 274 10.7 26.4 25.19 288 26.39
25 kGy

Alg/CS(2/1) 281 121  26.8 2535 292 26.75

Alg/CS(1/2) 283 122 275 2615 302 27.67

Alg 201 107 29 3217 337 30.88
CS 208 11.3 28 3022 323 29.59
Alg/CS(1/1) 287 121 28 287 334 306
35 kGy
Alg/CS(2/1) 291 123 285 3295 349 31.98

Alg/CS(1/2) 308 12.6 29.5 33.93 359 32.89

Alg 307 10.6 29.2 38.61 377 34.54
CS 314 11.8 28 36.27 360 32.98
Alg/CS(1/1) 309 11.3 27.6  34.47 358 32.8
45 kGy
Alg/CS(2/1) 318 12.3 30.3 39.5 379 34.73

Alg/CS(1/2) 313 122 27 4054 393 36.1

4. Conclusion

y-irradiation is a useful tool for degradation ofiahte and chitosan. Spraying zea maize plants0Byppm of
oligoalginate or oligochitosan or mixture of themepared byy-irradiation in presence of 1%,8, had a
positive effect on plant growth and the producyivt the same time. The lower molecular weightlginate and
chitosan, the higher growth promotion effect oledinThe irradiation in solution form is better tithaat in solid
form which reduces the required dose for degradatpraying zea maize plants by oligoalginate and/o
oligochitosan prepared byirradiation at 45kGy increase the grain yied cedut 47 and 40 %, respectively
(Fig. 5). While, the combining of the two oligomeatthe ratio of (2/1) increases the yield (%) bowat 53 %,
compared to the control plants (untreated). It lbarconcluded that the possible use of such oligbsaities as
growth promoters for plants in the agriculture &mtlons.
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