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Abstract

Anatural hydrocolloid extracted frolymenaea courbargeeds contains Glc:Xyl:Gal:Arain amolar ratio of 51:27:21:1. Selective TEMPO
radical oxidation (2,2,6,6-tetramethylpiperidine-1-oxyl) at C-6 of the polysaccharide gave products with 3.0, 5.1 and 9.5% of carboxyl groups
as determined colorimetrically. Molecular mass analyses showed a decreas®lindhthe oxidized galactoxyloglucans and an increase in
angular fit from the RMS ratio versus molar mass plot. This indicated that the oxidation process generated a more rigid structure, going from a
random coil in the native polymer to a rod conformation in the oxidized samples, probably due to the polyanionic structure. Thermogravimetric
kinetics of degradation was obtained using the Arrhenius equation and an increase in the degradation rate, was apparently directly dependent
on the oxidation level.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction to which single-unita-p-Xylp substituents are attached at
0-6. Some Xylpesidues are substituted at O-2fby-Galp.
Galactoxyloglucans as hydrocolloid model can be present In the Carbohydrate Group of Federal University of
in the primary cell walls of higher plants (dicotyledons and Parana (UFPR) considerable attention has been paid to the
non-graminaceous monocotyledons) and in the cotyledonarygalactoxyloglucan from the seeds Hf courbaril, which
cell of some dicotyledonous seeds, where they function aswas obtained at different Brazilian locations and whose
a storage polysaccharid&]. An example is that obtained structure and properties have been determined (Lima et al.
from seeds offamaridus indica, which has a large num- [3,4]; Souza-Lima et a[5]; Vargas-Rechia et aJ6]; Martin
ber of commercial and industrial applicatioj2. In Brazil, et al.[7]; Freitas et al[8]).
an abundant font of a galactoxyloglucan is seeds fkyn The structure and applications of polysaccharides and
menaea courbari{Jatoba), which Lima et aJ3,4] analyzed their oxidized products have been widely studied. Thermo-
by methylation and found that its glycosidic linkages are gravimetric analysis has been reported to be a promising
practically the same as those of other seed galactoxyloglu-and sensitive technique for characterizing structural modifi-
cans, which have a cellulose-liBe(1,4)-p-glucan backbone  cations of natural polysaccharides (Stivala e{@. Varma
and Chavar{10] and Varma et al[11]). As an example,
Varma et al.[11] studied the galactomannan of guar gum
mspondmg author. Tel+55-41-361-3260; and its periodate oxidatiqn products, having 1.2, 3.1, 13,
fax: +55-41-361-3186. 26.7 and 54.9% of oxidation, and showed that the thermal
E-mail addressmariarita.sierakowski@ufpr.br (M.-R. Sierakowski). analysis is a sensitive tool for differentiating periodate oxi-
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dized products. In this work, the authors observe that occurring under nitrogen. At the end of the oxidation process,
an intrinsic relation between molecular composition and ox- 16 mg of NaBH/0.1 mmol of primary alcohol and 20 ml of
idative stability. ethanol was used to reduce the excess of oxidizing agent in
Using the methodology of de Nooy et §1.2—-14], Sier- the medium.
akowski et al[15] studied the selective oxidation of a galac- The alcohol to acid conversion was estimated by titra-
tomannan from seeds @kucaena leucocephalan:Gal tion of the mixture with NaOH (0.0888 mott) during the
ratio of 1:3) with TEMPO (2,2,6,6-tetramethylpiperidine-1- oxidation process. The initial pH was9.5 and was main-
oxyl) at CH,OH-6 which gave rise to C&H-6 groups. Sier- tained by titration with NaOH aqueous solution when the pH
akowski et al[16] studied the oxidation and characterization decreased to 9.2. The formation of carboxyl groups corre-
of a galactomannan extracted from seed€as$sia fastuosa  sponded to the amount of titrated NaOH and then to obtain
by the same method and investigated the adsorption behavtheoretical oxidation ratios of 3, 6 and 12%, we used 7.0,
ior of the polyelectrolyte onto amino-terminated surfaces, 14 and 28 ml of the standard NaOH aqueous solution.
by ellipsometry and contact angle measurements. The TEMPO (stable radical) (Fig. 1a) can be oxidized
We now investigate the effect of oxidation levels on the by several reagents to give a nitrosonium ion (Fig. 1b).
structure, conformation and thermal properties of a galac- This is a strong oxidant and shows selectivity towards pri-
toxyloglucan obtained from seeds Hdf courbaril. mary hydroxyl functions over secondary ones. Obviously
there will be a competing reaction due the undesired oxida-
tion of secondary alcohols by hypochlorite and hypobromite

2. Experimental that occur mainly at pH<9. But using higher pH (9.2-9.5)
and lower temperature the selectivity was more than 95%
2.1. Plant material [12,13]. The schematic representation of the oxidation pro-

cess was showed in thég. 1.

Seeds oH. courbarilwere harvested in the Foz do Chopin
Forest Reserve, Parana State, Brazil. The galactoxyloglucarp.3. Chemical analysis
(HXG) was obtained by exhaustive aqueous extraction at
25°C from pooled and milled seeds (40¢Ifor each ex- Total carbohydrate was assayed by the phengb®d
traction process). The viscous extracts were centrifuged atmethod[17], protein by the method of Hartrg&8], ash and
10,000x g and the supernatant passed sequentially throughmoisture by that of AOAG19]. The uronic acid content was
Millipore filter membranes with pore sizes of 3 and (18 assayed by then-hydroxybiphenyl methof20].
and, then precipitated with two volumes of ethanol, washed Monosaccharide contents of galactoxyloglucan (HXG)

with acetone and dried at 2& to give pure productf8]. were determined on complete acid hydrolysis with M TFA
at 100°C for 5h [21]. The solutions were evaporated to
2.2. Selective oxidation by TEMPO a residue that was repeatedly dissolved gOHand evap-

orated. The products from each hydrolysis were reduced
Galactoxyloglucan (1g) was solubilized at 25 in with NaBH,4 and, then acetylated with pyridine—4@ (1:1
500 ml of water. The solution was treated with TEMPO (v/v)), for 12 h at 25C [22]. The resulting alditol acetates
(2,2,6,6-tetramethylpiperidine-1-oxyl) (0.53mg), NaBr were analyzed by GC-MS Varian and detection with a Sat-
(4.64 mg), and sodium hypochlorite (0.26 ml at 12%), that urn 2000R mass spectrometer, gas chromatography, using
each 0.1 mmol of primary alcohol was converted to acid. a DB-225 capillary column at 22@ with nitrogen as the
The reaction mixture was maintained at@ with stir- carrier gas.

OBr’
Ptimary alcoho! sl aldehyde + Carboxylic acid

Fig. 1. Schematic representation of TEMPO oxidation pro¢&2k
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2.4. Infrared spectroscopy—FTIR denate gives the pre-exponential factor (A) in the Arrhenius
equation[23-25] (Eq. (1)):
FTIR analysis was carried out using a spectrometer Hart- Ea

mann and Braum MB-series, with KBr as support,atarangein K =InA — — Q)
of 400-4000 cm?, a resolution of 2 cm! and 19 scans at a RT
rate of 10 scans per minute. Solutions of oxidized samples For eachE, value corresponding ta, the constant rate at
were passed through a cationic resirnjHo give the acid 250 and 350C was calculated.

form of the polymer.
2.5. Average molar mass (M and R, 3. Results and discussion

To calculate the molar mass, the ratios of the refractive 3.1. General physical and chemical analyses
index to the concentration (dn/dc) of the galactoxyloglucan
(HXG) and oxidized galactoxyloglucans (HXGOX) were de- Milled endosperms ofl. courbaril seeds were submitted
termined using a Waters 2410 differential refractometer at to aqueous extraction at 26 and, after fractionation using
wave length of 546 nm with concentrations of 1.0; 0.5; 0.25 Millipore filters, a water-soluble galactoxyloglucan (HXG)
and 0.125 gt (filtered through Millipore filter 0.4%m). was obtained (18.5% vyield3].

Aqueous solutions of HXG (0.5g}) and HXGOX Chemical analysis showed the presence of carbohydrate
(4.0g 1) were filtered through a Millipore filter (0.22m) (81%), protein (2%), moisture (15%) and ash (0.4%9)
and injected into a GPC with 2000, 500, 250 and 120 In the TEMPO oxidation process the polymer can be ox-
Waters’ ultrahydrogel columns. Detection was carried out idized in the C-6 of galactose and also in C-6 of internal
with a Waters 2410 differential refractometer and a light glucose units, but we calculate the percentage of oxidation
scattering multiangle at 632.8nm (DAWN DSP-F Wyatt only in relation to the C-6 content of galactose. The HXG
technology model). The eluent used in this system was in study has a molar relation Gal:Xyl:Glc of1:1.2:2.4 and
0.1 mol I sodium nitrite containing 200 ppm of azide at a traces of arabinose units. To generate 3, 6 and 12% of ox-

flux of 0.6 mImir2, idized galactose, 0.166, 0.333 and 0.666 mmol were neces-
sary, respectively.
2.6. Thermogravimetric analysis GC-MS analysis of derived alditol acetates, showed

that HXG contained Glc:Xyl:Gal:Ara in a molar ratio
The experiments were conducted using a Shimadzu 50 Hof 51:27:21:1. In 9.5% oxidized polysaccharide, carrying
Thermogravimetric Analyzer (TGA) with a sample weight out hydrolysis under identical conditions, the values were
of 9.940.1 mg. All the experiments were performed under a 58:31:10:1. The level of glucose and xylose, thus increase
flux of nitrogen, which as maintained at a constant flow rate by ~6%, but the galactose level decrease by 11.6%, indi-
of 50 mmin~2. Experiments were conducted at five heating cating that the oxidation process occurs mainly at this unit,

rates of 2.5, 5.0, 10.0, 20.0 and 40@min~1 with the sam- due the formation of the galacturonic acid.
ple being heated from 25 to 60C. The sample holder was During the oxidation process, the time and the volume
a platinum paif23,24]. The samples were kept at T@for of aqueous NaOH added was used to the control of the

3 h before each experiment (this precaution was taken duederivatization process (Fig. 2). The degree of oxidation was
the differential water content in the samples, using in this confirmed by a colorimetric method for quantification of
form the same mass of polysaccharides in the analysis) and
the weight-loss curves were normalized to 100% of mass at
200°C, due to the residual moisture present in the sample.

w
o
J

25 -
2.7. Kinetic analysis
20 [
Various theoretical and empirical models are utilized to
represent the observed transition. In each model, the veloc-
ity of reaction can be expressed as a functi@r), where
« is the conversion value, in this case the degradation. The
dependence of the constant rate on temperature can be ob-
tained from the Arrhenius equation (Eg. (1)). To determine
the activation energy @&, the In of heating rates (K) was
plotted against the reciprocal of the absolute temperature for ) )
different weight-losses (a= 5, 10, 20, 30, 40, 50, 60 and Time (Minute)
80%). The slope of the line gaveEa/R, whereRis the uni- Fig. 2. Volume titrated of NaOH solution (0.0888 mot) as a function
versal gas constant. The intersection of the line with the or- of the time during the oxidation process.
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Table 1 05— A
Determination of oxidation levels of HXGs derived
Sample Colorimetric method (%6) 04
HXGOX3 28+ 04 B 031
HXGOX5 54+ 0.5 2 sl HXGOX3
HXGOX10 9.5+ 0.15 9 -

a Uronic acid colorimetric methof20]. Median+ standard derivation o1r
of three independent analysis. 00

L 010 L L

uronic acids (Table 1)20]. The same approach was used 0 20 40 60 80
by de Nooy et al[12—14]. The products with 2.8, 5.4 and Time (min}
9.5% of oxidation are now named HXGOX3, HXGOX5 and  Fig. 3. GPC analysis with light scattering detector af 90r HXG
HXGOX10, respectively. and HXGOX3, HXGOX5 and HXGOX10. (A) Native and (B) oxidized

The presence of uronic acid was qualitatively confirmed polysaccharides.
in the products by infrared spectroscopy, where a band was
observed at 1735 cnt arising from the stretching vibration
of carbonyl group (€0) (data not shown).

The dn/dcvalues for the HXG and HXGOXs were
0.113 and 0.130 mIg, respectively. The molar mass by
GPC-light scattering analysis showed that conversion to an
oxidized polymer was practically complete, because light
scattering detected a molecule with a higher molar mass
and with the same elution time as that of the unmodified
polymer (HXG: 35-45 min—peak A), but as the concentra-
tion in the oxidized polymer was so low it was impossible
to detect by the refraction index. The new peak with larger
elution time (38.5-56 min—peak B), in theg. 3, appears
in the oxidized samples and represents the prodgt.
values were 1.4 10° and 1.0x 10° gmol1, respectively
for HXG and HXGOXs. In the sample with high degree
of oxidation (HXGOX10) the peak A, that represents the
unmodified polymer, is smaller than that with 3% oxida-
tion. On analyzing the elution profile with the refractive
index detector (data not shown) of the modified polymers,
it was only possible to observe peak B, and not the starting
material (peak A). This indicated a homogeneous macro-e A new process of degradation appears with the mod-

cerning conformation in solution. With the increase of the
degree of oxidation, it changes from a random coil (angular
fit of 0.5) to a rod-like structure (1.0) (Fig. 4).

3.2. Thermogravimetric analysis

Fig. 5 shows the thermal degradation of HXG (A), HX-
GOX3 (B), HXGOX5 (C) and HXGOX10 (D) at heating
rates of 2.5, 5.0, 10.0, 20.0 and 40@min~! under nitro-
gen, starting from 200 to 60.

Fig. 6 shows an overlapping of the derivative of the
weight-loss curves (dTG) at 2°€ min~! for HXG, and 3,
5 and 10% HXGOX. It demonstrates that with an increasing
degree of oxidation, the temperature at which degradation
begins to be observed is lower. This indicates that the ox-
idation reduced the thermal stability at the beginning of
the degradation process. The temperature at the beginning
(Tonsey, €nd (eng) and middle point (%), and the mass loss
in each part of the degradation process is showrTainle 2.

Fig. 6 and Table 2simplify the observation that:

molecule, with highly polydisperse values lgf,/M;, from ified polysaccharide at lower temperatures (first event
1.4 for the original polymer, te~3.0 for the product. An- ~230-278C), when compared with that of the unmodi-
other important observation is that the plot of the RMS fied one. The second event is referent to the unmodified
radius against molar masgi¢. 4) gave information con- polymer apparently.
1,000.0f
HXGOX3 and

TE‘ HXGOX10

+ 1000} / HXG

>

2

[0

&

® 100t

=

¥

10 R | . el R |
1.10* 1.10% 1.10° 1.107

Molar mass (g/molL)

Fig. 4. rms radius (nm) as a function of molar mass (gmhpl



R.A. Freitas et al./ Thermochimica Acta 409 (2004) 41-47 45

40 °C/min 40 °C/min

100 100 20 °C/min
20 °C/min = 10 °C/min
80r o S 80f 5°C/min
;\g ool 10 °C/min % ol 2.5 °C/min
e 5 °C/min S
0 400 = L
© 2.5 °C/min 40
= 20
L .
200 400 600 %00 400 600
(A Temperature (°C) () Temperature (°C)
100 40 °C/m?n
20 °C/min
. 80r 10 °C/min
E\O/ 6ol 5 °C/min
0 2.5 °C/min
o 40
@ 40
=
20| 20
%00 200 600 D00 400 600
© Temperature (°C) (D) Temperature (°C)

Fig. 5. Weight-loss curves for HXG (A), HXGOX3 (B), HXGOX5 (C) and HXGOX10 (D) at heating rates of 2.5, 5.0, 10.0, 20.0 aricC Atir0*
under nitrogen.

Table 2

Degradation temperatures and weight-loss percentages of galactoxyloglucan and that with in 3, 5 and 10% oxidized, at a heating’ €@iairf'2.5
Sample Tonset (°C) Tend (°C) Tm (°C) Weight-loss (%)
HXG 277 317 300 70.4

HXGOX3 first event 232 260 247 12.9

HXGOX3 second event 264 309 284 42.8

HXGOXS5 first event 231 263 248 30.5

HXGOX5 second event 277 327 298 29.9

HXGOX10 first event 226 253 241 28.5

HXGOX10 second event 275 329 299 18.8

e The area of the new event (first event) in the modified dependent of the oxidation level of the molecule. With HX-
polymer showed ifTable 2, increases with the degree of GOX3, theE; was up to 1.68 times, HXGOX5 up to 1.94
oxidation. times, and HXGOX10 up to 2.5 times increase, compared

e The Table 2show that the total degree of degradation with that of the native polysaccharide. The data show that
decreases with the increase of oxidation (first and second

event). At the beginning heating process the oxidation 0.002F
level increase the degradation, and at the end generate 0.000
products more stable to degradation. 0.002
-0.004
3.3. Kinetic analysis 9 -0.006
T -0.008
Fig. 7 shows In of the heating rate§@ min—1) against 0,010
the reciprocal of the absolute temperature. The slope of this -0.012
plot was utilized to obtain the values & at differenta -0.014 HYG
(%) values. -0.016 : : : !
Fig. 8 shows the relation between the activation energy 200 250 300 350 400
(Eq) of HXGOXs and HXG obtained at different values Temperture (°C)

(5, 10, 20, 30, 40 and 50%). The data indicate an increase inig. 6. dTG of weight-loss curves for HXG, HXGOX3, HXGOX5 and
the energy of activation in the thermal degradation process iSHXGOX10 at a heating rate of 2°& min~* under nitrogen.
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values.

this degradation percentage). A mathematical analysis, using
the conversion values of 5-20%, it was possible to observe
a linear equation fit for these data, without large deviation
from the straight line for all the values of samples studied.
However, atr of 20-50% a straight line fit was obtained with
angular coefficient for the HXGOX/HXG ratio of 0.0152,
0.0252 and 0.0427, respectively for 3, 5 and 10% oxida-
tion. The ratio among these data indicates that the increase
in E5 depends on the oxidation level. As an example, if the
oxidation increased by 1.7-fold (HXGOX5/HXGOX3), the
increase o, obtained by the ratio between the angular co-
efficient also increased in a same proportion of 1.65. This is
an indication that the energy used for degradation is directly
dependent of the level of oxidation.

Fig. 9 shows the rate constant of HXG and HXGOX
obtained at 250C (Fig. 9A) and 350C (Fig. 9B). A no-

an increase in the oxidation level generates an increase intable effect occurs when the rate was obtained at°250

the energy necessary for thermal degradation. Ehédata

(Fig. 9A); at a low loss mass (a%) the rate constant was

also confirm a better thermal stability after 20% polyelec- larger then that of the unmodified polysaccharide by 19-,

trolyte degradation, because of an increase inBhéafter

10
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Fig. 9. Rate constant of HXG, HXGOX3, HXGOX5 and HXGOX10 at 2&0(A) and 350C (B).
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of oxidation. At higher level of loss mass (50%), the ratio UFPR/UFC) and FINEP (Financiadora de Estudos e Proje-
appears to be the opposite from that found for a low masstos, through PRONEX-CARBOIDRATOS).

loss. In this case, the loss of mass of modified in relation to

unmodified polymer was 0.1, 0.02 and %410~° times,

respectively, for HXGOX3, HXGOX5 and HXGOX10. References
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