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Abstract
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3C CP/MAS NMR spectra of pectin samples were measured and interpreted. The influence of methylesterification and
O-acetylation on chemical shifts of pectin carbons was studied using model pectate, pectinates, and their acetylated deriva-
tives. The spectra were analysed also by peak fitting in C-6 region to obtain the values of methylation (DM), amidation
(DAm) and acetylation (Dac), degrees. The results were in a good agreement with both convenient methods (photometry,
elemental analysis) and the NMR method based on the relative areas of OCH, (DM) and CH, (DAc) resonances.
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Pectins are plant polysaccharides that play an
important role in cell wall structure and plant
physiology. Pectins are known as gelling and
stabilising agents that are widely used in food
industry (BEMILLER 1986; vaN Buren 1991). The
main structural element of pectins is galacturo-
nan a linear polymer of a(1—4) linked, partially
methyl esterified p-galacturonic acid. Pectins with
more than 50% methyl ester groups are classified
as high-methoxyl (HM) and those with less than
50% methyl ester groups as low-methoxyl (LM).
Pectins obtained from different sources reveal
significant differences in their structural and
technological properties. In apple and sugar beet
pectins, L-rhamnose residues interrupt the galac-
turonic acid sequence forming rhamnogalacturonan
backbones with attached neutral sugar side chains.
Sugar beet pectins are also partially O-acetylated.
NMR-based structural analysis of pectins from dif-
ferent sources seems to be important for the use

in food technology and the characterisation of
industrial scale raw materials.

The preparation of pectin solutions for NMR
analysis is difficult. Although pectins are well
soluble in water, their solutions are very viscous
which complicates the application of NMR solu-
tion techniques for their analysis (SurLivan 1987).
Solid-state °C NMR has proven to be a valuable
technique in structural and conformational analy-
sis of polysaccharides (CoLQuHOUN & GOODFELLOW
1994; Jarvis 1994; CHEETHAM & Ta0 1998; SAITO et
al. 1990; Paric ef al. 1999; Yvu et al. 1999; DUARTE et
al. 2001). Partially, this NMR technique has been
applied in the study of the conformation of pectin
macromolecule chains in solid and gel states (Jarvis
& APPERLEY 1995; RENARD & JaRrvis 1999).

In a previous work (SiN1Tsya et al. 1998), we pre-
sented C CP/MAS NMR spectra of citrus, apple,
and sugar beet pectins with different structural
properties. Such characteristic values as uronic
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acids content (UA), the degree of methylation
(DM) and of acetylation (DAc) were obtained on
the basis of the relative areas of C-6, COOCH,
and OCOCH, resonance signals, respectively. It
was shown that the C-6 region (180-160 ppm) of
the spectra is very informative for the structural
analysis of pectin. The chemical shift and the shape
of resonances in this region are strongly influenced
by the relation between different forms of uronic
carboxyls in pectin.

In the solution NMR, the carbon chemical shifts
of C-6 are well resolved from each other. Moreover,
it has been reported that the C-6 carbon resonances
are influenced by next-neighbour effects of both
the preceeding and following residues, allowing
the determination of the distribution of methyl
ester groups in pectin (WESTERLUNG ef al. 1991;
CATOIRE et al. 1998).

However, some problems and complications occur
in the application of "C CP/MAS NMR spectroscopy
for pectin structure investigation, especially in the
case of amidated and highly acetylated pectins.
Resonance signals of carboxylic carbons in solid-
-state spectra are too broad to be resolved from
each other. Nevertheless, these signals could be
extracted from the whole C-6 resonance mathe-
matically using peak separation methods.

Peak-fitting analysis is widely used in chroma-
tography and infrared spectroscopy of biopolymers
including polysaccharides. This mathematical
procedure permits to separate the components of
the complex spectrum regions and to obtain some
qualitative and quantitative information about the
sample. We suggest that peak fitting could also be
very useful in "C CP/MAS NMR spectroscopy of
such complex polysaccharides as pectins.

In this work we present a detailed investigation of
3C CP/MASNMR spectra of pectin samples, and peak-
fitting analysis of the C-6 region of the spectra.

MATERIAL AND METHODS

Sample preparation and characterisation. The
samples of polygalacturonic (pectic) acid, potas-
sium pectate, pectins and their derivatives (Table 1)
were used in this work. The procedures of pectin
purification and potassium pectate preparation
were described in a previous work (SiNITSYA et
al. 1998).

Solid state NMR spectroscopy. °C CP/MASNMR
spectra of samples were measured using Bruker
MSL 200 spectrometer operating at 50.32 MHz (2 ms

contact time, recycle delay of 3 s, sweep width
of 20 kHz, spinning speed of 4 kHz). All spectra
were related to the carbonyl peak of glycine at
176.03 ppm.

Chemical shift calculation. The PC carbon chemi-
cal shifts were calculated by CS ChemNMR Pro
6.0 software (Upstream Solutions, Switzerland)
for model structures (trigalacturonic acid and its
(Cambridge Soft Corporation, USA).

Peak-fitting. Decomposition of "C CP/MAS
NMR spectra in the regions of 190-165 ppm was
pursued by Peak Fitting module of Microcal Origin
6.0 software (Microcal Origin, USA). The second
derivative algorithm assisted peak-fitting proce-
dure. The results of peak separation were applied to
obtain the degrees of methylation (DM), amidation
(DAm), and acetylation (DAc) values on the basis
of the relative areas of the separated peaks.

Conventional methods. The content of galac-
turonic acid (GalA) in the pectin samples was
measured by photometry with m-hydroxybiphe-
nyl at 520 nm (BLUMENKRANTZ & ABOE-HANSEN
1973). This value expressed the total content of
uronic carboxylic groups as galacturonic units.
The degree of methylation (DM) was determined
by photometry with chromotropic acid at 570 nm
(Firirrov & Kuzminov 1971). The degree of
acetylation (DAc) of samples 6, 7, and 15 was
estimated by photometry with hydroxylamine
(540 nm) (Downs & Pigman 1976). The DAc
values for highly acetylated (>1) samples were
obtained by solid state NMR method using the
OCOCH, resonance as a marker of acetyl groups
(SiNn1Tsya et al. 1998). The degree of amidation
(DAm) of amidated pectins was calculated from
the results of organic elemental analysis (SiNITSYA
et al. 2000). The values of DM, DAm and DAc
of pectins were expressed as relative contents
of methoxyl (in %), amide (in %) and acetyl (in
mol/mol) groups, respectively.

RESULTS AND DISCUSSION

The C CP/MAS NMR spectra of pectin samples
are presented in Figure 1(a—c). The chemical shifts
of pectins’ carbon resonances are summed up in
Table 2. The resonances at 176-168 ppm have been
assigned to C-6 carbons of galacturonic units, while
OCOCH, carbons of acetyl groups in acetylated
samples are also situated in this region. The reso-
nances at ~101 ppm and ~79 ppm arise from glyco-
sidic bond carbons C-1 and C-4, respectively. The
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Table 1. Specification of the pectin samples

UA DM DAc  DAm e
No Sample ©%) (%) (mol/mol) (%) Source and specification
polygalacturonic acid, .
1 ) 86 - - - Koch-Light Lab., England
K*-form
2 K pectinate 8% 2 _ B Institute of Ch.emlstry, Slovak Academy of Science,
Slovak Republic
citrus pectin, .
3 K'-form 88 49 - - Koch-Light Lab., England
HM citrus pectin, GENU pectin type B rapid set, Copenhagen Pectin
4 9 73 - -
K*-form Factory, Denmark
5 pectinic acid 90 90 - - -
6 acetylated K" pectate 84 - 0.20 -
7 acetylated K" pectate 50 - 0.85 -
Institute of Chemistry, Slovak Academy of Science,
8 acetylated K" pectate 71 - 1.12* - Slovak Republic
g acetylated 25 30 141 -
K" pectinate
10 ac?tylated pectinic 2% 90 L67* B
acid &
HM citrus pectin, GENU pectin type A medium
11 76 68 - .
H" form rapid set
12 Eﬁatms pectin, 81 13 - ~ GENU pectin type LM-1912CS Copenhagen
orm Pectin Factory,
LMA ci i D k
13 VA ctrus pectin, 85 33 - 20 GENU pectin type LM-102AS enmar
H' form
LM appl in, H"
14 apple pectin, 55 34 - - Smifice, Danisco, Czech Republic
form
15 susar beet pectin, 83 47 0.36 _ GENU pectin type BETA, Copenhagen Pectin Factory,

H* form

Denmark

*obtained by NMR (Sin1Tsya et al. 1998)

peaks at 67-72 ppm come from the other carbons
of pyranoid ring (KEgnaN et al. 1985; MaLovikova
& Koun 1986; Jarvis & ArPERLEY 1995; SINITSYA ef
al. 1998; RENARD & Jarvis 1999).

The NMR spectra of potassium pectate and
potassium pectinates of various DM are shown
in Figure la. An intense resonance at ~53 ppm
(Table 2) represents methyl carbons of the methyl
ester COOCH, in the spectra of pectinates (KEEnaN
et al. 1985; RENARD & Jarvis 1999). This resonance
band increases with subsequent methyl esterifica-
tion and has been used for the estimation of DM
values (SurLrivan 1987; SiniTsya et al. 1998).

The NMR spectra of acetylated pectates and
pectinates 6-10 in comparison with potassium
pectate 1 as the non-substituted structure are
demonstrated in Figure 1b. An intense resonance
at ~21 ppm represents methyl carbons of the acetyl
ester OCOCH, in the spectra of acetylated samples
(KeenaN et al. 1985; SiNiTsYA et al. 1998; RENARD &
Jarvis 1999). This resonance band increased and
slightly shifted upfield from 20.2 ppm (acetylated
pectate 6, Dac = 0.2) to 21.4 ppm (acetylated pectinic
acid 10, Dac = 1.67) with subsequent acetylation
(Table 2). This band was used for the estimation
of DAc values in sugar beet pectins (SINITSYA €f al.
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1998). Weak resonance at ~53 ppm was present in
the spectra of acetylated pectates 6-8 indicating
a small amount of methyl ester groups in these
samples. In acetylated pectinates 9-10 this band
was much more marked.

The resonance peak at 71.8 ppm (C-5 carbons) of
potassium pectate 1 shifted upfield and became a
non-resolved shoulder of a strong resonance signal
at ~69 ppm (C-2, 3 carbons) in pectinates 2—4 and
pectinic acid 5 with DM increasing (Figure 2a).
Among all the carbons of pyranoid ring, the C-5
resonance is the most sensitive to methylation. In
contrast, acetylation leads to marked changes in
the resonance signals of pyranoid ring carbons
(RENARD & Jarvis 1999). The resonances of the gly-
cosidic bond carbons C-1 and C-4 shifted upfield
by ~2 ppm in highly acetylated samples 8-10 (Table
2). In contrast, the resonance peak at ~69 ppm (C-2,
3 carbons) of potassium pectate 1 shifted down-
field and combines with the C-5 resonance into
a single maximum at ~71 ppm upon acetylation
(samples 7 and 8). In acetylated pectinates 9 and
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Figure 1. a, b: '3C CP/MAS NMR spectra of potassium
pectate 1 (DM = DAc = 0) and pectin samples 2-10
containing various amount of methylester and acetyl
groups; ¢: °C CP/MAS NMR spectra of commercial
pectins 11-15

10, this resonance signal shifted upfield to 70.6
ppm and 69.7 ppm, respectively (Figure 2b). In
addition, a non-resolved upfield shoulder at ~66
ppm also occurred in highly acetylated samples.
The positions of the resonance signals in the region
of 85-60 ppm were estimated by second derivative
algorithm (Figures 2¢,d).

To explain the observed changes in the position
of pyranoid ring carbon resonances, we calculated
the alterations of chemical shifts in trigalacturonic
acid as a result of methylation and (or) acetyla-
tion. Trigalacturonic acid and its derivatives were
chosen as model compounds representing various
forms of galacturonic units in pectins. In Table 3,
we summed up the results of calculation for inner
monosaccharide unit —p-GalA- of model trisac-
charides. This residue represents internal a.(1—4)-
linked sugar units predominating in polysaccharide
macromolecules. Previously, we observed that the
substitution of both terminal GalA units had no
significant influence on chemical shifts of pyranoid
ring carbons in the internal —p-GalA- unit.
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Table 2. ®C CP/MAS NMR chemical shifts (in ppm) for the samples of pectins

Chemical shift (ppm)
Sample
C-1 C-2,3,5 C-4 C-6 COOCH, OCOCH,
1 100.8 Z;S Eg-g,) 3) 79.3 175.6 - -
2 100.8 68.8 78.6 1;?2 Eggg()ng) 53.3 -
3 100.3 69.3 79.7 1;4113 2288()}13) 53.4 -
4 100.6 69.0 79.3 170.9 53.2 -
5 101.1 69.0 79.4 170.5 53.0 -
6 100.6 Z;g Egg) 3 78.6 175.3 53.9 21.4
7 99.9 714 79.3 174.1 53.6 21.3
8 98.9 71.3 76.7 173.3 21.0
9 98.2 70.6 77.0 171.7 52.9 20.6
10 98.5 69.7 76.9 170.3 52.4 20.2
11 100.9 67.0 79.2 170.6 53.3 -
12 101.2 69.8 79.2 171.8 - -
13 101.6 71.0 79.4 171.6 53.6 -
14 101.6 71.0 79.3 171.6 53.6 -
15 100.9 70.9 77.9 171.2 53.2 21.0

The results of the calculations are as follows.
Firstly, the methylation at C-6 position of GalA
led to upfield shift of the C-5 carbon resonance
by 2.5 ppm, whereas chemical shifts of the other
pyranoid ring carbons did not change significantly.
Secondly, acetylation at C-2 or at C-3 position, i.e.
monoacetylation, resulted in downfield shift of the
resonance of the C-OH carbons (+3.4 ppm) and in
upfield shift of the resonance of the carbons carry-
ing O-acetyl group (3.3 ppm). Chemical shifts of
C-1 or C-4 carbons moved upfield (-3.3 ppm) after
monoacetylation of -GalA- at O-2 or O-3 position,
respectively. Thirdly, 2,3-diacetylation led to no
significant changes of chemical shifts of C-2 and
C-3 carbons, while the resonances of both C-1 and
C-4 moved upfield (-3.4 ppm). And finally, the
effects of methylation and acetylation mentioned
above seem to be independent from each other at
the first approximation.

Therefore, on the basis of the trends calculated
for model compounds (Table 3) and the minima

of the second derivatives of experimental NMR
spectra (Table 4, Figure 2d), we may assume that,
for acetylated pectin samples 6-10, the shoulder
at ~66 ppm originates from non-acetylated C-2,3
carbons of monoacetylated units, whereas the
main maximum at 72-70 ppm originates from both
acetylated C-2,3 carbons of monoacetylated units
and all C-5 carbons. Furthermore, the residual reso-
nance signal at ~68 ppm represents C-2,3 carbons of
both non-acetylated and diacetylated units. A slight
upfield shift (-1 ppm) of the C-5 carbon resonance
for methylated samples 2-5 is also evident (Table 4,
Figure 2c). Finally, the observed upfield shift of
C-2,3,5 resonance in highly acetylated pectinates
9 and 10 may be a result of both methylation (the
upfield shift of C-5 resonance) and acetylation
(prevalence of diacetylated units).

Both C-1 and C-4 carbons take part in the forma-
tion of a(1—4) glycosidic bond in the pectin back-
bone and therefore they are more flexible than the
other carbons of pyranoid ring (JARvis & APPERLEY
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Figure 2. The "C CP/MAS NMR spectra (the region of pyranoid ring carbons C-2-5, 87.5-60 ppm) of potassium
pectate 1 and pectin samples 2-10 containing various amounts of methylester and acetyl groups (a, b), and the

second derivatives of these spectra at 75-65 ppm (c, d)

1995). The observed broadening of these signals
can be caused by non-homogeneous broadening
reflecting different conformations of glycosidic
bond in regular and irregular structures as well
as by homogeneous broadening resulting from
destructive interference of molecular motions by
the dipolar decoupling field (VANDERHART et al.
1981). Therefore, C-1 and C-4 carbon resonances are
sensitive to the conformation at glycosidic bond. In
concentrated pectin gels, Jarvis and ApPERLEY (1995)
observed a C-1 resonance at ~101 ppm and the C-4
signals at 80-81 ppm for pectins forming 3, helices,
while 21 helices had their C-4 at ~77 ppm.

For solid pectins, C-1 and C-4 carbon resonances
are very broad, complex, and they overlap other
signals. The upfield shift (~2 ppm) of both of them
as observed for highly acetylated samples 8-10 is
in agreement with the calculations and may reflect
structural particularity of 2,3-O-diacetylated galac-
turonic units predominating in these samples.

The region of 190-160 ppm of *C CP/MAS NMR
spectrum belongs to carboxyl C-6 carbons of ga-
lacturonic units that are present as carboxylic acid
COOQOH, carboxylate anion COO", ester COOCH,,
or amide CONH, form (Sin1Tsya et al. 1998). Reso-
nance signals of carboxyl carbons of acetyl groups
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Table 3. The influence of substitution on the calculated chemical shifts (in ppm) of pyranoid ring carbons in the

internal —~GalA- unit of trigalacturonic acid*

Alteration of chemical shift (ppm)

Substituents**

C-1 C-2 C-3 C4 C-5
6-Me 0.0 0.0 0.0 +0.3 -2.5
2-Ac -3.3 +3.4 -3.3 -0.1 -0.3
3-Ac -0.1 -3.3 +3.4 -3.3 +0.2
2,3-diAc -3.4 +0.1 +0.1 -3.4 -0.1
2-Ac, 6-Me -3.3 +3.4 -33 +0.2 -2.8
2-Ac, 6-Me -0.1 -3.3 +3.4 -3.0 2.3
2,3-diAc, 6-Me -3.4 +0.1 +0.1 -3.1 -2.6

*The substitution of both terminal —GalA- units had no significant influence on the chemical shifts of pyranoid ring

carbons in the internal -GalA- unit
**Me - methyl ester, Ac - O-acetyl

OCOCH, present in sugar beet pectins cannot be
resolved due to overlapping by the intense C-6
signal. The COO™ resonance (176-175 ppm) is a
little shifted downfield in comparison to the other
forms that have resonances at 173-170 ppm. All
these resonances overlap one another because the
shift difference between them is significantly less
than the sum of their half widths. Therefore, in
most cases, it is impossible to resolve the reso-
nance signals of carboxylic forms. An exception
is potassium pectinates 2 and 3 that have two C-6
resonances at ~175 ppm and at ~172 ppm assigned
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——DM=0%
oot 175.5 1705
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to COO™ and COOCH, carbons (SurLivan 1987;
SiNiTSsYA et al. 1998).

The spectral changes at the C-6 region of pectate
and pectinates are demonstrated in Figure 3a. The
resonance of COO™ (~175 ppm) decreases and the
resonance of COOCH, (172-170 ppm) increases
with methylation (RENARD & Jarvis 1999). The C-6
and OCOCH, region of the spectra of potassium
pectate 1 and acetylated samples 6-10 is shown
in Figure 3b. It was observed that the main reso-
nance signal in this region moved upfield from
175.5 ppm (potassium pectate 1) to 170.3 ppm

COOCH, & OCOCH,

----- [ = 0,20
..... D = 0BG
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T
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180

Figure 3. The C-6 & OCOCHS3 region of the 13C CP/MAS NMR spectra of potassium pectate 1 and pectin samples
2-10 containing various amounts of methylester and acetyl groups (a, b)
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Figure 4. Modelling of the COO- carbon resonance signal of potassium pectate 1 by various fitting functions (a)
and the decomposition of *C CP/MAS NMR spectra (C-6 & OCOCH, region, 185-160 ppm) of pectin samples
2-10 containing various amounts of methylester and acetyl groups (b)

(acetylated pectinic acid 10). The observed shift
occurred due to the contribution of ester carbons,
i.e. OCOCH, resonances in acetylated pectates
and both OQOCH3 and QOOCH3 resonances in
acetylated pectinates.

To decompose the C-6 region of the NMR spectra,
we used the multiple mixed Lorentzian-Gaussian
(Voigt) functions as fitting model. The Lorentzian

function is most often applied to the fitting of NMR
spectra, while the Gaussian and other models has
been applied, too. However, the Voigt model pos-
seses a more accurate fitting and also provides a
more accurate quantitation of NMR spectra than
either Lorentzian or Gaussian model (MIERISOVA
& Avra-Korrera 2001). Peak fittings of a single
COO™ carbon resonance of potassium pectate 1
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Table 4. Chemical shifts (in ppm) of C-2,3,5 carbons of samples 1, 5-10 obtained from 2" derivatives of C

CP/MAS NMR spectra
Sample Assignment
1 5 6 7 8 9 10
- - 65.6 65.8 66.5 66.9 - C-OH in monoacetylated units
68.2 68.7 68.3 68.1 68.7 68.2 67.6 C-2,3 in non-acetylated and diacetylated units
72.2 71.2 72.2 72.1 71.7 70.9 70.4 C-OCOCH, in monoacetylated units and C-5

by various models are shown in Figure 4a. It is
evident that, at least for solid pectin samples, a
mixed Lorentzian-Gaussian (Voigt) function is a
much better model for solid state NMR than Gaus-
sian or Lorentzian functions themselves.
Decomposition of C-6 region permits to esti-
mate the relationship between free ionised and
methyl esterified carboxyls in pectinates, between
free ionised carboxyls and acetyls in acetylated
pectates, and between methyl and acetyl esters
in acetylated pectinates (Figure 4b). In the case of
low-substituted samples 2, 3, and 6, the resonance
signals of each type of carbons were modelled by
a single Voigt component. For highly methyl-
ated samples 4 and 5, two Voigt components,
centred at 170.4-170.8 ppm and 172.2-172.9 ppm,
indicate COOCH, carbons. Similarly, for highly

sugar besl pactin 15

185

180

acetylated samples 7-10, two Voigt components at
~171.5 ppm and at ~173.5 ppm represent OCOCH,
carbons of acetyls. As a rule, all ester components
were shifted upfield with the increasing degree
of the corresponding substitution, and the Voigt
component of COOCH, (169.5 ppm) was located
between the acetyl components (170.7-172.1 ppm
and 167.3 ppm).

The resonance signals COO™(~176 ppm), COOH
(~173 ppm) and COOCH, (~170.5 ppm) carbons
were obtained by decomposition of the C-6 region
of NMR spectra of pectins 11-15 (Figure 5). The
Voight component peak of amidated citrus pectin
13 centred at 172.4 ppm corresponds to CONH,
carbons. Highly acetylated sugar beet pectin 15
has carbons COOCH, and OCOCH, of very simi-
lar chemical shifts. Peak separation gives Voight

COOH

LM citrus pectin 12 GGG.;‘
Fr:q??ﬁf?f?fTTT:F?ik-- ______
185 180 176 170 165
PPM
COOCH,

HM citrus pactin 11

140

FEM

Figure 5. Decomposition of "C CP/MAS NMR spectra
(C-6 & OCOCH, region, 185-160 ppm) of commercial
pectins 11-15
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Table 5. Degrees of methylation (DM), amidation (DAm) and acetylation (DAc) obtained by decomposition of

the C-6 region of *C CP/MAS NMR spectra*

Area, 107
Sample DOM Dfsm DAc
AC—6 tot. IAQOOCH3 IA‘CONH2 IAOQOCH3 ( A)) ( A)) (mOI/mOI)
1 85.46 - - - 0 0 0
2 86.84 65.49 - - 25 0 0
3 51.22 22.92 - - 45 0 0
4 55.53 39.80 - - 72 0 0
5 49.70 40.97 - - 82 0 0
6 51.54 - - 4.93 0 0 0.10
7 61.27 - - 52.16 0 0 0.85
8 65.39 - - 74.94 0 0 1.15
9 63.08 23.52 - 83.06 37 0 1.32
10 47.05 47.05 - 78.79 100 0 1.67
11 59.24 44.23 - - 75 0 0
12 53.90 - - - 0 0 0
13 59.24 19.23 14.89 - 32 25 0
14 50.33 16.34 - - 34 0 0
15 46.40 23.04 - 19.92 49 0 0.43
*DM (%) = AQOOCHS/AC-é 0. X100; DAm (%) = ACONHZ/AC-e 0. X100, DAc = AOQOCHB/AC-é ot

component peaks at 171.3 and 170.4 ppm. These
peaks represent carbonyl carbons of acetyl and
methyl ester groups, respectively.

The relative contents of methyl ester, amide and
acetyl groups were calculated on the basis of the
areas of the corresponding Voight components (Ta-
ble 5). The obtained values of DM, DAm and DAc
were in good agreement with the corresponding
values of the conventional methods (photometry
for DM and DAc, elemental analysis for DAm)
including NMR method based on the relative ar-
eas of COOCH, and OCOCH, resonance signals
(Table 1).

CONCLUSION

BC CP/MAS NMR spectroscopy is a relatively
demanding but a very informative method in the
analysis of pectins. In spite of the relatively low
resolution and sensitivity in comparison to the
solution NMR, the solid-state NMR technique may
provide important information about the structure
of pectins. In addition to the well-known appli-

10

cation of OCH, and CH, resonances as effective
ester and acetyl markers in the solid state NMR,
the peak fitting in the C-6 spectral region seems
to be a very useful tool for the estimation of the
proportions of various C-6 carboxyls and O-acetyls
in pectin.
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Byla naméfena a interpretovéana *C CP/MAS NMR spektra pektinti. Vlivy esterifikace a O-acetylace na chemické
posuny uhlika byly sledovany na modelovych vzorcich pektatu, pektinatii a jejich acetylovanych derivatd. NMR
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spektra byla také analyzovana pomoci separace pasti v oblasti signalt C-6 uhliki. Na zakladé ploch pfislusnych
Voigtovych komponent byly vypocteny hodnoty stupnitt methylace (DM), amidace (DAm) a acetylace (DAc). Vy-
sledky vypoctu jsou v dobré shodé s konvencnimi metodami (fotometrie, elementarni analyza) a s NMR metodou
na zakladé relativnich ploch resonan¢nich signala OCH, (DM) a CH, (DAc).

Kli¢ova slova: ®C CP/MAS NMR, pektiny, separace pasti, stupné methylace (DM); stupné acetylace (DAc)
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