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ABSTRACT

EFFECT OF GAMMA IRRADIATION ON POLYSACCHARIDE
MODEL SYSTEMS. Cell wall polysaccharides which mainly consist of pectic

substances, hemicellulose, and celluloge play a major role on the immediate
softening of irradiated fiuits, Their degradation mechanism can be elucidated by
studying degradation products resulting from irradiation of the cel] wall or their
components. Studies on irradiation of isolated apple pectin, and alginates as the
model systems induced degradation were carried out. Pectin and alginates were
first purified then both were irradiated either in solid or in solution state. Effect of
gamma irradiation at 15-30 kGy on these treated materials was conducted by
analyzing their changes by means of chemical, physical, and various
chromatographic methods. The resulty showed that mediwn and high doses gammna
irradiation could reduce the viscocity of pectin and alginates while HPSEC/GPC

analysis for all irradiated polysaccharide model systems revealed (hat the average

number of molecular weight showed a decrease by increasing radiation doge.

Storage condition in different relative humidities affected significantly the degree
of polymerization of pectin and alginates irvadiated in solid gtate. The formation of
4,5-unsaturated uronosyl residues as a product of cleavage of the pectin backbone -
via B-elimination was not found in irradiated pectin as measured by thiobarbituric
acid (TBA) test. Irradiation did not cause g -elimination in the ester groups of
pectin as confirmed both by titration, and ion exchange chromatography methods,
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ABSTRAK

PENGARUII IRADIASI GAMMA PADA SISTIM MODE,
POLISAKARIDA, Dinding e polisakarida torutamg menpandung  pekii,
hemiseluloga day selulosa meniegang peran aktif pada pelunakay soketika day
buah-buahay iradinsi. Mekanigme degradagi dapat dipelajari mejaly; produk
degradasi darj dinding gel yang diiradingi ataupun komponennyn, Siud; tentung
iradiasi pektin hagij| isolasi bual apel, dan alginat te]a) dilakukan. Pektiy, dan
alginat dimurnikan terlebih dahulu, kemudian diiradiasi bajk dalam bentuk padat
maupun larutan. Pengg, iradingi gammg dengan dosis 15-3( kGy pada bulu
yang diberi perlakuay, tersebut dianaljgsig perubahannya dengan menggunakan
metode kimia, fisik, dan kromatografi Fagi] yang diperoleh menunjukkan bahwy
iradiasi gammg pada dosig sedang dan dogjg tinggi dapat menurunkan viskogitas
pektin dan alginat sedangkan hagi] analisis dengan HPSEC/GPC untuk seluruh
sistim mode| polisakarida yang diiradiagj menunjukkan baliwy Jumlah raggeragy
dari berat moleky] menurun - dengan meningkatnya  dogix radiasi.  Per)akuay,
penyimpanan pada kondisi kelembapan nigb; yang berbedy berpengaruh nyata
pada derajat polimerisasi pektin dan algina yang diiradinsi pacy bentuk pudat,
Pembentukan 4, 5.regidy uronosil tidak jenul) sebagai produk hagil pemecahan
rantai utama pektin melaly; proses eliminasi-f akiba radiasi tidak ditermukan
melalui pengujian dengan asam tiobarbitura (IBA). Iradiasi tidak meuyalmhksy:
terjadinya eliminas; posisi B-pada grup ester dari pektin yang dikonfirmasi bajj

dengan metode titrasi maupun kromatografi pertukaran jon,

Kata kundi ; din ding sel, iradiasi gdruna, sistim model polisafeari da.

INTRODUCTION

A study on the effact of irradiation on extracted cell vwy)| material of

mango fruit might not enough to provide conelusive resulls wig, Fespect to (hy

underlying degradation mechanism, since it wag extreemely diflicult o distinguish
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betweei W6 il W Heoondury redactions withiy the complex plagy lisnue,

Revealing the exsct degradatioy mechanisn of irradinge] ity gy vegeluh ey

showed to be extreemely difFicyy (1, and 2), Therefore 4 study ol spesifie features

of the degradation gy only effectively be carried o by Utilizing logg complox
fystems (3, 4, 3, 6, 7, and 8). Polysaccharideg such ag Pectin, and algingeg are

considered ygefy) model  gyyom polymery ¢ study (o dogradution o

pPolysaccharideg with structurg) variationy by irradintion j, Who, Peetin ig being

Bl H BHUSHIHEIL 08 iy o0l walj was chogen o fludy the effuef of’

imradiati o, Pecting congjyt of galacturonje acid regidues, battially esterifjoq with

methang] groups. Ag compariaon, also two anjonje Polysaccharideg were selecto,
which contrarily ¢, bectin, are py;

Sample Preparation, A tommercjg) high methoxy| apple pectin (HMp)
with g degree of methylation (DM) of 76u was obtained fio,, Obipectin Id,,
Biacho.f.hzeil, Switzerland, Two commercig| samples of alginates were obtaine(
from  Kejeq Internationg) Ltd.,, sap Diego, California : o, having g high

mannuronjg acid/guluronje acid ratio (M/G 2.5), ang one other having g (o ratio
(M/G <), :

free Amberljte IR 45 and 7 5 & Dowex-OF. form 50 w (50-100 mesh) ag o
exchanger wera added to the solution. The mixture wag (hey, Poured slowly jnq 4
&lass column, o bed of mixed ion-exchmngers Was formed yn ringed wit) distilled
water until g ¢loq, solution wyg obtained, The filtrate wwag concentrato using ¢
Buchij rotating evaporator, gy Precipitated ethanol/wage 80% (v/v), The
desalted HMp was subjected {q repeated Washing at oo, temperatyre with
ethanol/water 80% (v/v) untjl the filtrate yyaq sugar fiee, Absencle of sugar in the
filtrate ag detecte by the phenol-HgS(h test ag described by DUBO]IS (9). The
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alcohol insoluble residue of HMP wug linally rinsed with 9% ethinol, then dried
by solvent exchange wiing acetone followod by other, mwnd diying st room
temperature for 3 days. The dried material wag pulverized to a fine powder for
about 0.7 mm using a Cullatti hammer mill prior to its use. The alginates were
transferred into the acid forn according to the method in FOOD CIIEM. CODEX.
(10).

Different humidities were get according to LABUZA (11), IGLESIAS and
CHERIFE (12) using saturated solutions of two different inorganic salts, e.g,,
K3CO3, and NaBr providing relative humidities (RH) of 40 and 60% respectively,

The moisture content of equilibrated samples was determined using a Karl Fisher
automatic titrator.

Irradiation treatment. A Co-60 source was used and the dose rate of
irradiation was 2.5 kGy/h in all treatments. The irradiation was conducted at the
Institute for Atomic Sciences in Agriculture (ITAL) Wageningen, The Netherlands.
Irradiation of all polysaccharides after conditioning at a given RH was performed
a8 powder with doses of 15 and 30 kGy in closed weighing flasks at room

temperature in the presence of oxygen. The moisture content of the samples in

powder form ranged firom 10-13%.

Viscosity measurement. Viscosity was measured in a Ubbelohde capillary
viscosimeter as described by DEVENTER-SCHRIEMER and PILNIK (13).

High- Performance Size- Exclusion Chromatography (HPSEC) / GPC
analysis. Estimation of molecular weight was performed on a SP 8800 HPLC
(spectra Physics) equipped with three Bio-gel TSK columns (300x7.5mm) 'in
series (60XL, 40XL, and 30XL; Bio-Rad Labs) in combination with TSK guard
column (75 x 7.5 mm) and elution at 30°C with 0.4 M acetic acid/Na-acetate butfer

(pH 3.0) at 0.8 ml/min (14). The eluate was monitored by a Shodex SE-6
Refractive Index Detector. i
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Thiobarbituric acid test, Formation ol unsaturate degradation products of
pectic substances ay a rowyl of ireadintion way quulitatively determined by the

periodate thiobarbituric acjd test according to ROMBOUTS (15).

Determination on the degree of methylation, The degree of methylation
of HMP (%)in order to confirm the absence of B-elimination in irvadinted puectin

and the alginic acid content (%) were determined respectively by a titration
method (10).

High-Performance I on-Exchange C?:romcuography (HPIEC) analysis.
The elution behaviour of the charge polysaccharides on a anion exchange column
was studied as described by SCHOLS er . (16). |

STATISTIC CALCULATION

conducted in triplicates.

RESULTS AND DISC'USSION

A first characterization of the polysaccharides including building units,
type of substituents, and weight average of molecular weight (avr.Mw) and number
average of molecule (avr.Mn) were carried out. The result revealed that avr.Mw
and avr.Mn of HMP pectin were 84,000 and 62,000 Dalton (Da) respectively,
while Alginate with M/G 25 having values in avr Mw was 68,000 Da., and avr.,
Mn was 43,100 Da.. The avr. Mw and avr. Mn values of Alginate with the ratio,
of M/G <1 were 69,000 Da, and 52,000 Da. respectively. The effect of in'adial'ion;
on the viscosity of selected polysaccharides algo showed a decrease in their,

viscosity by increasing radiation dose. The reduction of viscosity might confirm
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that irvadiation al dosey plo 30 kAy inducew depolymorizntion within the
glycosidic linkages in the woljd samplen. However, this phenomens enn not e
ruled out yet. Other confirmation data on radiation induces depolymerization in the
uronic acid backbone via hydrolysis process is needed. Similar result on
irradiated strawberries induced degradation of protopectin: followed by
reduction of viscosity was reported by BELLI-DONINI and STRONAIUOLO
(18). An interesting study on hydrolysis of highly esterified pectin induced by
enzymic activities was also carried out by PILNIK and ROMBOUTS (19). The
pectin lyase endo-enzymes depolymerizes the molecule at random, causing rapid
drop in viscosity, and only glycosidic linkages next to a methyl ester group are
split by a -eliminative mechanism. Other supporting results were demonstrated in
irradiated apple pectin as reported by SJOBERG (6) and for Na-alginate as
reported by KING (20). Those results showed a reduction in molecular weight in
which corresponds to the decrease in viscosity. KUME and TAKEHISA (21)
reported that irradiation of 3 types of Na-alginates in powder form at a dose of 50
kGy could reduce the viscosity significantly. They concluded that such an
irradiation dose can only be applied for sterilization of Na-alginate as absorbant
and coagulant in food industries, but it is not applicable for irradiated Na-alginates
as medical purposes neither as thickening nor gelling agent.

This phenomena gives an indication (hat irradiation of pectin with the doges
up to 30 kGy did not cause a splitting of glycosidic linkages next to a methyl ester
groups by B-elimination mechanism. Since the viscosity of the charge polymers
dropped drastically after irradiation, treated samples were also analyzed by
HPSEC./GPC and calculated as a degree of polymerization (DP). The result
showed that the DP values of pectin and alginates decreased by increasing
radiation dose while storage condition at two different relative humidities might
affect the DP of each sample significantly. These two atmosphere provide
sensitive circumstances for pectin molecules as complex structure which some of
the carboxyl groups are esterified with methyl alcohol, some are neutralized with
cations, and some are free acids. An intensive study on moisture sorption isotherm
of pectin as conducted by TSAMI et of, (22) revealed that high methylated pectin

exhibit different behaviour compared to low methoxy| pectin,

1 B




At low relative humidity lTesn han 60% (e sorbed moisture ol gl
methylated pectin iy very low, and the appearance ol the malerialy is poor. Al
higher relative humidity, at more than 0% there iy step merense of the sorbed
moisture, At relative humidity in the range of about 60 to 80% the sugars hold (he
largest portion of water but (he pectin molecules have sorbed enough  walter
molecules. In this situation number of interchain bonds of high methoxyl pectin
becomes smaller and the remaining carboxyl groups are available for the sorption
of waler, Loowing pack ofbiopolymer ax indicated by swelling of this substance is
due to the intermolecullar distance of methoxyl groups in the chain molecules,
Degree of crystallinity also decreases, but availabililty of the polar groups lo the
water molecules shows an increase. Finally all the swelled polysaccharides goes
into a solution in which carboxyl and methoxyl groups are not strong. The
dependency of carboxyl and methoxyl groups on the equilibrium moisture content
is of importance if a study on degradation mechanism of cel| wall polysaccharides
as well as pectin induced by irradiation will be elucidated,

Figure 1 shows the elution profile of alginate with the ratio of M/G 2.5
irradiated in powder form during storage. It seems firom the figure that ireadinted
alginate with doses up to 30 kQy showed a shift of the elution profile into longer
retention time and the shifting of each top peak after the freatment in comparison to
the unirradiatod alginate, It is indicatod that total degradation b nlready occured
in the irradiated samples before and afler storage as direct effect reaction
predominant. This phenomena can be approved by the following storage condition,
Storage condition at 23°C for 2 months does not influence significantly shifting of
elution profile particularly in irradiated samples. The same results also found in
irradiated alginate with the ratio of M/G <1. Separate DP calculation using GPC
programme revealed that higher in MM block had a DP of about 3-10 while for
higher in GG block was about 4-15. Tt ig known elsewhere that some physical
properties of irradiated alginates depend on the uronic acid composition and the
blockwise arrangement of acid residues.In this study alginate with M/G 2.5 has
higher alternating sugar blocks which is more easily degraded than alginate with
M/G <1. This finding result is building up o phenomena that the properties of’

irradiated alginales corresponds to allernate MG blocks o dotermine  the
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reduction of degree of methylation was found, and more dearndntion in pectic
substances might occured. Unfortunately, the reduction in the degree of methylation

does not occur in enzymic degradation of the pectin molecules indueed by

glycosidases and lyases uctivitioy,

CONCLUSION

A phenomena can be formulated from the finding results that radiation witl
doses up to 30 kGy attack cel| wall components in the form of model systems 1n
random, and hydrolyzes glycosidic bonds but does not create splitting of high
methoxyl pectin backbone through P-elimination reaction due to stability of proton
at 3-carbon. It seems that irradiation does not easily remove proton in high

methoxyl pectin. The proton will be easily removed when the electron density/free
electron around the carbon s high.
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Figure 2. Elution profiles of irradiated high
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