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Abstract: A quantitative analysis method was developed for determination of pectin content in tobacco
samples by solid state 13C CP / MAS NMR. A 5. 5 mm outer diameter of dimethyl silicone rubber tubing
was designed and utilized as a reference of intensity, which was packed into a 5. 5 mm inner diameter
zirconia NMR rotor to construct an NMR sample tubing. The powder samples filled into the sample
tubing were detected to obtain 13C CP / MAS NMR spectra. The peak of C-6 at 171 ppm was processed
with spectral deconvolution to eliminate interference from overlapping peaks. The calibration curve was
established with the area ratios of assigned C-6 peak to intensity reference peak and the mass of the
polygalacturonic acid (PGA) . This method was used to determine the pectin content in six different
tobacco samples. Relative errors were between -4. 94% and 3. 84% compared with the results measured
by the standard method. The recovery of PGA from spiked tobacco samples was ranged from 94. 33% to
102. 77% , the RSD (n=5) was less than 2. 32%. It demonstrates that the 13C CP / MAS NMR method
with a novel intensity reference possesses the properties of speediness, accuracy and simplicity, which is
suitable for the quantitative analysis of pectin content in tobacco.
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1　 Introduction
Pectin designates a family of plant cell wall
polysaccharides that is synthesized in the Golgi
apparatus before it is secreted into the cell wall as a
methylester[1] . Pectin is principally made up of four
structural units: homogalacturonan ( HG ),
xylogalacturonan, rhamnogalacturonan type I (RGI),
and rhamnogalacturonan type II ( RGII ) [2-4] .
Homogalacturonan constitutes approximately 65% of the
pectin molecule and is composed of an unbranched chain
of D-galacturonic acids (GalA) linked by α - 1, 4
glycosidic bonds[5,6] . Therefore, the content of D-
galacturonic acid is generally selected as a quantitative
indicator of pectin. Pectin is one of the most complex
natural heteropolysaccharides, as it can be composed of
as many as 17 different monosaccharides containing
more than 20 different linkages[7] . In food industry,
pectin is widely used as a gelling, stabilizing and
thickening agent in foods such as jams, jellies, yogurt

drinks, fruit milk drinks and ice cream[8,9] . In the
tobacco industry, pectin is beneficial to the moisture
retention of tobacco, accounting for approximately 5%
to 13% of the total mass of tobacco leaves. However,
the high content of pectin in tobacco will result in
incomplete combustion when smoking, and the content
of harmful substances such as methane, methanol and
carbonyl compounds in tobacco smoke will become
higher, which is harmful to the health of smokers[10,11] .
It can be found that the determination of pectin content
in tobacco is of great significance to smokers’ safety.
Therefore, it is necessary to develop a rapid and
accurate method for the quantitative analysis of pectin in
tobacco.

At present, the traditional methods for the
determination of pectin in tobacco include carbazole
colorimetry[12], enzymatic hydrolysis-flow analysis[13]
and ion chromatography[14] . The carbazole colorimetric
method is simple and accurate, but it needs to eliminate
the interference of soluble sugars and pigments, and its



selectivity is also poor. The enzymatic hydrolysis-flow
analysis method is fast, but the conditions for enzymatic
hydrolysis are strict. A large number of water-soluble
sugars and pigments in tobacco will cause interference
and affect the accuracy of the determination results. Ion
chromatography owns relatively high selectivity and
sensitivity because of the application of electrochemical
detector, but the complicated and time-consuming
sample pretreatment procedure, such as acidolysis and
enzymolysis, cannot be ignored. Because the signal
intensity observed is proportional to the number of
nuclei that resonates at a given frequency, solid-state
NMR spectroscopy can be used not only for structural
characterization of materials but also for quantitative
analysis[15] . In addition, the combination of cross-
polarization and magic angle spinning (CP / MAS) can
effectively improve the sensitivity and resolution of the
13C NMR spectrum[16-18] . In recent years, solid state
13C CP / MAS NMR spectroscopy has been widely
applied to the structural characterization and content
detection of cell wall materials such as cellulose[19],
lignin[20] and pectin[21,22] in plants.

In order to improve the quantitative accuracy of
solid state NMR, to compare different samples, and
determine absolute concentrations or purity of samples,
a normalization or a reference method has been
corroborated to be a feasible solution to eliminate the
influence of various factors including the spectrometer,
the NMR pulse sequence, the temperature, the probe
and the sample itself on the determination results[23] .
This usually requires the use of a stable intensity
reference, providing a peak in the spectrum for which
the intensity has an absolute meaning[24] . Intensity
reference substances for solid-state 13C CP / MAS NMR
spectroscopy generally include tetrakis-( trimethylsiloxy)-
silane(TKS)[25,26],4-(N-methylpyrrolidino)bicycle[3.2.1]-
octan-8-one triflate[27], sodium-3-trimethylsilylpropionate
(TMSP) [28] etc. However, it is difficult to uniformly
mix these intensity reference substances and sample
powders during sample preparation, which will cause
the signal of intensity reference to be uneven and
unstable. In fact, as a reference of signal intensity, it
only needs to ensure that the intensity reference
substance can be fixed in the rotor and generate stable
signals. Hall and Wooten[29] encapsulated the reference
substance in a cylindrical cell machined from an
aluminium nitride ceramic rod to precisely fit inside the
NMR rotor. Keeler and Maciel[30] selected silicone
rubber cut into small pieces as the intensity reference
material and encapsulated it in a glass capillary.
Although these methods do not need to consider the
problem of uniform mixing of the strength reference
material and the sample, the glass capillary tubing and
ceramic cylindrical cell containing the intensity reference

materials will be liable to the position deviation during
the high-speed spinning in the NMR rotor, which will
result in large measurement errors. In short,the previous
intensity reference materials are inevitable to have some
problems including the difficulty of loading and reusing,
or the position deviation during the high-speed spinning.

In this work, the dimethyl silicone rubber tubing
was selected as the intensity reference. The outer
diameter of the silicone tubing was designed to perfectly
match the NMR zirconia rotor so as to guarantee that the
intensity reference material did not deviate from its
position at a high-speed spinning in the NMR rotor. The
spectral deconvolution technique was utilized to
eliminate the overlapping peak interference for the target
peaks in the NMR spectrum. The pectin extraction was
also simpler and faster because of eliminating the
interference of soluble sugars, pigments and other
impurities on the quantitative results. For the tested
samples, the results showed high accuracy in the
determination of their pectin contents when compared
with standard methods. The 13C CP / MAS NMR method
with a novel intensity reference was successfully
developed for the quantitative analysis of pectin content
in tobacco.

2　 Experimental
2. 1　 Materials and chemicals
The tobacco samples with different species in the
experiment were obtained from Zimbabwe, Anhui
Province of China, Yunnan Province of China, and
Guizhou Province of China. Dimethyl silicone rubber
tubing (166 mg) was customized by Jingming Silicone
Products Co. , Ltd. ( Lianyungang City, China ) .
Standard samples of polygalacturonic acid (PGA) (≥
85% ) and 1-naphthol (≥ 99% ) were purchased from
Aladdin Company ( Shanghai, China ) . Carbazole,
sulfuric acid, absolute ethanol, sodium hydroxide, and
acetone were all of analytical grades and were purchased
from Sinopharm Chemical Reagent Co. , Ltd.
( Shanghai, China ) . Distilled water was used
throughout the experiment.
2. 2　 Extraction of pectin in tobacco samples
The extraction of pectin in tobacco samples were
performed by following the method described by Zhu et
al[22] . 10 g of oven-dried tobacco powder was processed
by the ultrasound with 100 mL distilled water for 30 min
so as to simply remove some soluble sugars and
pigments from the tobacco sample. Then, the pH of
residue was adjusted to 2. 0 with H2SO4(pH 0. 5) and
maintained for 1. 5 h at 85 ℃. The extract was filtered
and adjusted pH to 3. 5 with 1 mol·L-1 NaOH. Next,
the ethanol solution (1 ∶ 1, v / v) was added to the
extract to precipitate pectin. The pectin precipitation
was washed with absolute ethanol. Finally, it was kept
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in a vacuum drying box at 40 ℃ to a constant weight
and was collected by being ground into powder, which
can pass through a 40-mesh sieve. The powder was
stored frozen at -18 ℃ until use.
2. 3　 Solid-state 13C CP / MAS NMR spectroscopy
High-resolution 13C CP / MAS NMR spectra of all
samples were obtained by a Bruker AVANCE ΙΙΙ 400
MHz spectrometer(9. 4 T) operating at 100. 63 MHz for
13C and 400. 15 MHz for 1H,equipped with a 7 mm H/
X MAS probe. Each sample was weighed to
approximately 170 mg ±1 mg and recorded, and then
mixed with NaCl powder to fill in cylindrical zirconium
dioxide rotors of 7 mm outer diameter with dimethyl
silicone rubber tubing inserts as an intensity reference
and spun at 4 kHz. The same dimethyl silicone rubber
tubing was utilized in the whole experiment. In the
cross-polarization process, the radio frequency field
strengths were 56. 8 kHz for 1H and 62. 5 kHz for 13C.
The 90o pulse lengths for 13C and 1H were 4μs and 4.
4μs, respectively. All FIDs were subjected to an
exponential multiplication function with a line
broadening a value of 100 Hz prior to Fourier transform.
The cptoss pulse sequence was applied to suppress the
spinning sideband. For acquisition of 13C CP / MAS
NNR spectra,acquisition time of 25 ms,contact time of
2 ms, the optimum recycle delay of 2 s, number of
scans 2048,and sweep width of 30 kHz were used. All
spectra were referenced to the carbonyl peak of glycine
at 175. 73 ppm. The NMR spectra of the samples were
processed by MestReNova 6. 1. 1 and PeakFit 4. 12
software together.
2. 4　 Spectral deconvolution
After baseline correction and smoothing by MestReNova
6. 1. 1 software, the 13C CP / MAS NMR spectra of the
samples were saved in the ASCII txt File format. Then,
the ASCII file was imported into PeakFit 4. 12 software
to perform spectral deconvolution on C-6 peak (171
ppm) and intensity reference peak (0 ppm) . After
spectral deconvolution, individual peaks of pectin and
silicone rubber tubing were separated.
2. 5　 Quantification of 13C CP / MAS NMR method
After the C-6 peak in the 13C CP / MAS NMR spectrum
of the sample was performed by deconvolution, the
target peaks and overlapping peaks were separated. The
area ratio between the assigned C-6 peak and intensity
reference peak was calculated, and the polygalacturonic
acid (PGA) content of the corresponding samples was
obtained according to the established calibration curve
equation. Then, the pectin content of tobacco samples
can be calculated by the following calculation formula.

Y = M1

M0(1 - S)
∗ f∗m

M2
(1)

Where Y (% )is the pectin content of tobacco samples;

M0(g) is the mass of tobacco samples weighed; M1(g)
is the mass of the extracted pectin sample; M2(mg) is
the mass of pectin sample loaded in NMR rotor; m
(mg ) is the mass of PGA calculated from the
calibration curve. S(% ) is the moisture content; f(% )
is the purity of the standard sample of PGA.
2. 6　 Spectrophotometry
The content of pectin in tobacco was determined by a
standard method published by Ministry of Agriculture of
the People ’ s Republic of China ( NY/ T 2016-
2011) [31] . 5 g of tobacco sample in 50 mL of 75 ℃
absolute ethanol was stirred and heated in a water bath
at 85 ℃ for 10 min to extract soluble sugars and
pigments. After cooling and filtering, the residue was
repeatedly extracted with 67% ethanol in a water bath at
85 ℃ for 10 min until soluble sugar was completely
removed. Then, the residue was heated and extracted
with H2SO4(pH 0. 5) in a water bath at 85 ℃ for 1 h.
After cooling, the pectin extract was transferred to a 100
mL volumetric flask. Next, the pectin extract was
diluted (1 ∶ 50) by distilled water, and then 1 mL of
the diluent and 0. 25 mL of carbazole ethanol solution
were added into a test tube. Shake the test tube
continuously and quickly add 5. 0 mL of sulfuric acid to
the test tube. After that, immediately put the test tube
in an 85 ℃ water bath. 20 min later, the test tube was
cooled rapidly with cold water. Finally, the absorbance
was measured at 525 nm by spectrophotometry within
1. 5 h.

3　 Results and discussion
3. 1　 Design of dimethyl silicone rubber tubing
In order to resolve the inherent problems of previous
intensity reference materials, such as the difficulty of
sample mixing, loading and reusing, or the position
deviation during the high-speed spinning, a dimethyl
silicone rubber tubing was ultimately selected as the
intensity reference based on the idea of silicone rubber
as an intensity reference proposed by Keeler et al[30] .
According to the requirements of this experiment, the
outer diameter of the dimethyl silicone rubber tubing
(0. 25 mm of thickness) was designed to be 5. 5 mm so
that it can fit perfectly with the NMR rotor with an inner
diameter of 5. 5 mm. The structural design drawing and
molecular structure of the dimethyl silicone rubber
tubing were shown in Figure 1.

The properties required of a suitable intensity
reference in NMR are as follows : ①small line width;
② suitable chemical shift in a vacant region of the
spectrum for avoiding peak overlaps; ③ favourable
chemical inertness and stability; ④convenient separation
from the analyte after the NMR analyses; ⑤ relaxing
behavior that permits accurate absolute intensity
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Figure 1. Structural design drawing and molecular structure of the dimethyl silicone rubber tubing.

measurements under the conditions of the NMR
technique of interest[24] . In this study, the dimethyl
silicone rubber tubing met the above the conditions. The
chemical shift of 13C of the methyl group in the dimethyl
silicone rubber tubing was located at 0 ppm, which was
far from the chemical shift of most 13C in pectin so that
the peak of the intensity reference avoided the
interference of more overlapping peaks from pectin
samples. Furthermore, the line width of its signal peak
was also small, and the chemical shift of the dimethyl
silicone rubber tubing can always be maintained at 0
ppm without position shift. The sample powder was
tightly packed in the centre of the dimethyl silicone
rubber tubing and rotors, which will not be loosened or
spilled during the high-speed spinning. Compared with
the powder reference material, the dimethyl silicone
rubber tubing can be handily loaded and reused.
Compared with the glass capillary, the dimethyl silicone
rubber tubing improved the stability of NMR spectra and
the accuracy of the NMR method.
3. 2　 13C CP / MAS NMR spectrum of pectin
Figure 2 (a,b) showed 13C CP / MAS NMR spectra of
standard samples of PGA and pectin in tobacco samples
after baseline correction and smoothing by MestReNova
6. 1. 1 software, respectively. As shown in Figure 2, the
signal intensities of C-1, C-2, 3, 5, C-4, C-6 and
intensity reference were strong. The resonance signal
between 160 ppm and 180 ppm in the spectrum was
assigned to the C-6 carbon of galacturonic acid units that
were present as carboxylic acid ( - COOH), methyl
ester ( -COOCH3 ), or carboxylate anion ( -COO- ) .
The absorption peak positions of the carboxyl resonance
of the protonated ( - COOH ), esterified forms ( -
COOCH3 ) and the ionized form ( - COO- ) in
galacturonic acid were ~ 171 ppm, ~ 174 ppm and ~
176 ppm, respectively[22,32,33] . The resonance signals at

101 ppm and 79 ppm were mainly C-1 and C-4 carbon
of the glycosidic bonds. The resonance signals of 67
ppm ~ 72 ppm were C-2,3,5 carbon of the pyranoid
ring. The intense resonance at 53 ppm in Figure 2 (b)
represented methyl carbons of the methyl ester
(COOCH3) . Signals at 18 ppm in Figure 2 (a) and
Figure 2 (b) probably belonged to methyl carbons of
rhamnose[34,35] . The resonance signal at 0 ppm
originated from -CH3 of the dimethyl silicone rubber
tubing. From the perspective of peak signals and
chemical shifts, the peak pattern of the NMR spectrum
of pectin in tobacco was basically the same as that of the
standard PGA sample. The chemical shifts of the C-6
peak ( at ~ 171 ppm) and the peak of the intensity
reference (at ~0 ppm) in the NMR spectra from pectin
in tobacco ( Figure 2 ( b)) were very close to the
standard sample of PGA (Figure 2 (a)) . These results
indicated that pectin in tobacco can be characterized by
the solid-state 13C NMR spectroscopy. Furthermore, the
peaks of C-6 and intensity reference in the NMR spectra
from tobacco samples were stable, with low interference
and strong signals, which were suitable for the
quantitative analysis of pectin.

The broadening of the C-6 peak was resulted from
the superposition of several individual resonances that
showed only minor differences in their chemical shifts.
Overlapping peaks could be attributed to impurities
remained in the pectin extraction process, instrument
noise and other factors occupied a non-negligible
proportion in the C-6 region, and must be considered
because of having the adverse effect on the accuracy of
quantitative results of pectin. In the high magnetic
field, it is a very direct and effective way to accurately
resolve and assign the carbonyl region of the pectin
sample by increasing MAS spinning speed or combining
with two-dimensional NMR technique[36,37] .
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Figure 2. (a) NMR spectra of a standard sample of PGA processed by MestReNova software with Baseline Correction and Smoothing
functions; (b) NMR spectra of pectin in a tobacco sample processed by MestReNova software with Baseline Correction and Smoothing
functions.

Unfortunately, these techniques are limited by the
conditions of NMR spectrometer so as to be difficult to
implement. Generally, the spectral deconvolution can
separate the target peaks from the overlapping peaks,
then integrate assigned region to increase the reliability
of NMR spectral integration[38] . Consequently, the
deconvolution technique will be an efficient way to
resolve the interference of overlapping peaks in the C-6
region. The spectrum optimized by MestReNova 6. 1. 1
software was imported into PeakFit 4. 12 software, and
the C-6 peak was performed by selecting method III-
Deconvolution and Lorentz Amp / Area peak type to
curve fitting. Finally, the respective peaks of target
peak and interference peak will be obtained(Figure 3) .
The target peaks from the carboxyl resonance signals of
protonated ( - COOH), esterified ( - COOCH3 ) and
ionized ( -COO- ) in galacturonic acid were selected
and processed by peak fitting, as shown in Figure 3.
Since the fitting peak of the three target peaks
represented practical C-6 peak, and it was assigned to
be the quantitative peak of pectin. As shown in Figure
4, the intensity reference peak was also processed by
spectral deconvolution. On the contrary, the intensity
reference peak was not interfered by overlapping peaks.
Consequently, the original peak can be used as the
quantitative peak of the intensity reference.

In general,cross polarization (CP) technique is not
reliably quantitative because of several problems such as

Figure 3. Fitting curve of the C-6 peak processed by PeakFit
software spectral deconvolution with Lorentzian profile
function.

large differences in CP efficiencies of protonated and
non-protonated carbons, differential TH

1ρ(proton rotating-
frame spin-lattice relaxation time) dephasing (mobile
carbons or regions having short TH

1ρ ) and significant
signal loss induced by paramagnetic centers[39] . On the
contrary, these problems associated with CP can be
avoided by utilizing the 13C DP / MAS NMR technique,
so the quantitative results of direct polarization DP are
more reliable. However, the major obstacles to more
widespread application of DP are its reduced sensitivity
and long recycle delays relative to CP[40] . Thus, the
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Figure 4. Fitting curve of the intensity reference peak
processed by PeakFit software spectral deconvolution with
Gaussian profile function.

acquisition of a quantitative 13C DP / MAS spectrum will
be very time-consuming. Recently, the multiple CP
technique was developed with the advantages of
overcoming the bias of CP caused by the heterogeneity
of proton density and polymer dynamics by repetitive
relaxation and repolarization cycles, in particular, which
combined the advantages of the short cycle delay of CP
and accurate quantifications of DP[41] . It is a pity that
the pulse sequence of multiple CP has been applied only
sporadically, for instance, to test spin dynamics, or in
static or slow-spinning experiments rather than under
regular MAS 13C or 15N NMR conditions[42] . Up to
now, there have been few researches on the
quantification of macromolecules in plant cell walls by
multiple CP techniques because this technique is not
mature enough. Consequently, in this study, the CP
technique as an effective semi-quantitative one is more
practical significance for quantifications of pectin in
tobacco because of the short recycle delay, short test
time and high sensitivity[40] . Furthermore, many
researchers have investigated the quantitative reliability
of the solid state 13C CP / MAS NMR spectra for
different materials, such as pectin, cellulose,chitosan,
lignin, and palmitic acid[21,29,43], the results
demonstrated that these materials can be quantitatively
measured by the CP technique.

The area of each peak generally indicates the
relative amount of the corresponding functional group in
the quantitative analysis by 13C CP / MAS NMR
spectroscopy[44] . Due to the fluctuation of the
instrument conditions and the inhomogeneity of the
sample, the signal-to-noise ratio of the same batch of
samples will vary greatly even if the instrument
parameter settings are the same[45] . The different
degrees of signal distortion will result in the variation of
the 13C CP / MAS NMR spectrum. However, if a
material can provide a stable intensity reference at a

Figure 5. Calibration curve for the determination of PGA
content in sample by 13C CP / MAS NMR method with a
novel intensity reference.

fixed chemical shift in a 13C CP / MAS NMR
experiment, the peak area in the spectrum will be
proportional to the number of spins at the respective
chemical site and phase and their relative ratios remain
unchanged, which is beneficial to enable the
quantitative analysis[46] . Previous studies have reported
that many researchers have successfully carried out the
quantification for lignin in wheat straws[28], cellulose in
tobacco[29] and hexamethylbenzene[47] by selecting a
material as an intensity reference to establish a
calibration curve which was based on the mass of
standard samples and the signal ratios of standard
samples to intensity references.
3. 3 　 The availability evaluation of the target 13C

CP / MAS NMR method
To determine PGA content of pectin samples, five
standard samples of PGA weighing 98. 7 mg, 121. 2
mg, 141. 8 mg, 160. 5 mg and 184. 1 mg were evenly
mixed with NaCl powder and filled into the designed
sample tubing,and the corresponding calibration curve
can be established on the basis of their 13C CP / MAS
NMR spectrums. After C-6 peak in the NMR spectrum
was processed by spectral deconvolution to eliminate
overlapping peaks, a calibration curve was established
according to the area ratio of assigned C-6 peak to
intensity reference peak and the mass of the PGA
standard sample, as shown in Figure 5. The
corresponding calibration equation was I = 0. 0082 m-
0. 2470, and the correlation coefficient was r2 = 0.
9981. The limits of detection (LODs) and limits of
quantification (LOQs) were 1. 81 mg·g-1 and 6. 04 mg
·g-1, respectively, which were calculated with signal-
to-noise ratios of 3 and 10.

To evaluate the accuracy of 13C CP / MAS NMR
method with a novel intensity reference for the
quantitative analysis of pectin in tobacco, 50. 6 mg,
80. 6 mg and 120. 4 mg of standard sample of PGA were
added to three tobacco samples (10 g) for recovery
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experiments,and the results were shown in Table 1. It
can be seen that the recovery of this method ranged from
94. 33%to 102. 77% , the average recovery rate reached
98. 11% , and the RSD (n = 5) was less than 2. 32%.
According to the results of the data analysis, it was
found that the target 13C CP / MAS NMR method
exhibited good precision and accuracy, so it was an
accurate method for the quantitative analysis of pectin in
tobacco.
3. 4　 Sample analysis of 13C CP / MAS NMR method
To investigate the reliability of the proposed method for
the determination of pectin in tobacco, the developed
13C CP / MAS NMR method with a novel intensity
reference was performed to determine pectin content in
six different tobacco samples. Meanwhile, the results
were compared with those determined by
spectrophotometry and 13C CP / MAS NMR method
without intensity reference. Spectrophotometry issued by
Ministry of Agriculture of the People’ s Republic of
China[31] for the determination of the pectin content in
tobacco was used as a reference standard in the
experiment. The results were shown in Table 2. The
comparison of the average pectin content determined by
the NMR method with intensity references and
spectrophotometry showed that the relative errors of
determination results from these two methods were
between -4. 94% and 3. 84%. The RSD ( n = 3) of
NMR method with intensity reference was less than
2. 65%. By contrast, comparing the determination
results of NMR method without intensity reference and

spectrophotometry, it was found that the relative error of
only sample 4 was within the range of ±5% , so there
were obvious measurement differences between the two
methods. Besides, the RSD ( n = 3) of NMR method
without intensity reference was less than 4. 28%.
Therefore, the accuracy of this research method was
good compared with spectrophotometry. Compared with
the NMR method without intensity references, this
research method had the advantages of higher accuracy
and better precision.

Due to the complexity of tobacco sample
components, sugars, pigments and other unknown
impurities remained in the pectin extraction procedure
will be inevitably carried into the pectin sample. These
sugars will react with chromogenic reagent and affect the
determination results of spectrophotometry[48] . Thus, the
complete removal of soluble sugars is indispensable for
traditional spectrophotometry, and it is a very time-
consuming and laborious process. However, the carbon
signals of these sugars (such as glucose, fructose and so
on) are in the range of 80-110 ppm in the 13C CP / MAS
NMR spectrum[49,50], so that they do not interfere with
the C-6 (171 ppm) peak of pectin. In addition, the
spectral deconvolution technique can separate the target
peak from the overlapping peaks to overcome the
interference of other remained impurities (such as some
proteins and organic acids) on the C-6 peak. Therefore,
the pectin extraction in this work is simpler and faster
than the traditional spectrophotometry for overcoming
the various interference factors.

Table 1. The recoveries of three groups of spiked tobacco samples.

Not spiked
(mg·g-1)

Spike level
(mg·g-1)

Detection content
(mg·g-1) Recovery(% ) RSD(% ,n=5) Average recovery(% )

43. 81
50. 6 93. 01 97. 23 1. 78
80. 6 126. 64 102. 77 1. 57
120. 4 157. 38 94. 33 2. 32

98. 11

Table 2. Detection content of pectin in tobacco by NMR method with intensity reference, NMR method without intensity reference
and spectrophotometry (n=3) .

sample

NMR method with intensity reference

Average
pectin±SD(% ) RSD(% ) Relative

error(% )

NMR method without intensity reference

Average
pectin±SD(% ) RSD(% ) Relative

error(% )

Spectrophotometry

Average
pectin±SD(% ) RSD(% )

1 6. 11±0. 12 1. 90 2. 00 5. 46±0. 23 4. 12 -8. 85 5. 99±0. 03 0. 50

2 5. 41±0. 09 1. 71 3. 84 4. 67±0. 16 3. 45 -10. 36 5. 21±0. 03 0. 58

3 6. 00±0. 09 1. 55 2. 74 6. 17±0. 22 3. 53 5. 65 5. 84±0. 02 0. 34

4 5. 40±0. 05 0. 83 -0. 74 5. 19±0. 07 1. 26 -4. 60 5. 44±0. 02 0. 37

5 6. 04±0. 16 2. 65 -3. 21 5. 47±0. 20 4. 28 -12. 34 6. 24±0. 08 1. 28

6 5. 00±0. 07 2. 21 -4. 94 4. 93±0. 14 2. 77 -6. 27 5. 26±0. 09 1. 71
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4　 Conclusions
The solid-state 13C CP / MAS NMR combined with a
novel intensity reference and deconvolution techniques
as an innovative method was developed and applied for
quantification of pectin in tobacco. The outer diameter
of the dimethyl silicone rubber tubing was designed to
perfectly match the zirconia rotor so that the dimethyl
silicone rubber tubing, namely intensity reference did
not appear position shift at a high-speed spinning in the
NMR rotor. The spectral deconvolution technology was
employed to eliminate interference from overlapping
peaks. These approaches greatly improved the accuracy
of the 13C CP / MAS NMR for the quantitative analysis
of pectinin tobacco. For the detection of pectin content
in tobacco samples, the results of the target NMR
method and standard method were consistent. In
addition, the pectin extraction was simple and fast.
Therefore, the developed 13C CP / MAS NMR method
with a novel intensity reference in this study is a fast
and accurate quantitative analysis method and is suitable
for the determination of pectin content in tobacco.
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固态 13C CP / MAS NMR 光谱测定烟草中果胶含量的
分析方法研究

牛凡超1,谢卫2,黄朝章2,蓝洪桥2,黄延俊2,高淼1,杨俊1∗
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2. 福建中烟有限责任公司技术中心,福建厦门 361001

∗通讯作者. E-mail:yjun8202@ ustc. edu. cn

摘要: 通过固态 13C CP / MAS NMR 技术,成功地建立了一种新方法用于烟草果胶的定量分析研究. 首先,将二

甲基硅橡胶设计成 5. 5 mm 外径的硅胶管用作强度参考,再装填到 5. 5 mm 内径的二氧化锆转子内以制成

NMR 样品管. 然后,对样品管中的果胶样品进行检测以获得相应的 13C CP / MAS NMR 光谱,再利用波谱去卷

积技术分别对 171 ppm 处的 C-6 峰进行处理,以此消除重叠峰的干扰. 最后,用指定的 C-6 峰与强度参考峰的

面积比为纵坐标,聚半乳糖醛酸(PGA)标准样品的质量为横坐标,以此来建立工作曲线. 获得工作曲线方程为

I=0. 0082m-0. 2470,r2 =0. 9981,检出限和定量限分别为 1. 81 mg·g-1、6. 04 mg·g-1 . 方法的加标回收率在

94. 33% ~ 102. 77%范围内,平均回收率为 98. 11% ,RSD (n = 5) 小于 2. 32% . 该方法用于测定 6 种不同烟草

样品中的果胶含量,结果发现:与标准方法测量的结果相比,其相对误差在-4. 94% ~ 3. 84% 之间. 研究表明,
通过固态 13C CP / MAS NMR 光谱和硅橡胶管建立的新方法准确、快速、简单,适用于烟草及其制品中果胶含量

的定量分析.
关键词: 果胶;二甲基硅橡胶管;固态 13C CP / MAS NMR;烟草
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