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Preliminary NMR and chemometric study of pine jams used as medicinal remedies
D. Gerginova, D. Dimova, S. Simova*

Institute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of Sciences, Acad. G. Bonchev
street, bl. 9, 1113 Sofia, Bulgaria

Received May 3, 2017; Revised June 5, 2017

Dedicated to Acad. Ivan Juchnovski on the occasion of his 80" birthday

Chemical profile of pine cone and pine bud jam is determined using *H and **C NMR spectra. Principal component
and cluster analysis of 41 detected organic ingredients allow discrimination of jam from honey. Difference in the

chemical profile of the two jams is found.
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INTRODUCTION

Pine jam, also known as “pine honey” or pine
elixir, does not originate from bee activity, but is
made from pine cones or buds. Both products are
delicious due to their unique aroma of a pine forest.
Additionally they are healthy and a worthy
substitute of honey. Pine jams are often used in
traditional medicine as therapeutic agents against
respiratory viral diseases and/or for strengthening
of the immune system, very popular in Eastern
Europe, Russia and Georgia. Despite abundant
information on the chemical composition [1] and
biological activities [2] of the Pinus species, jams
are only poorly studied. We were able to find only
two publications in the literature so far — one
devoted to their antioxidant and antimicrobial
properties [3] and one to characterization of the
detected volatile components [4]. The traditional
medical use of pine jams and honeys is very often
quite close, however, their prize and actual activity
differs considerably. That is why the aim of the
present work is to determine the main components
in pine jams from cones and buds using NMR
spectroscopy and to test the suitability of
unsupervised chemometric methods to distinguish
pine jams from honey types.

EXPERIMENTAL
Sample preparation
Pine jams and honeys were bought from the

local market. 0.5 g of jam or honey was dissolved
in 0.5 ml D,O, containing 0.02 v. % sodium salt of
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trimethylsilylpropionic acid-ds (TSPA) for internal
standard and 0.02 v. % of NaNs as a preservative.

Spectral Parameters

'H (600.01 MHz) and *C (150.88) NMR spectra
have been acquired on an AVANCE AV600 I+
NMR spectrometer using topspin v.3 pl 6. All
spectra have been recorded in D,O at 293.0+0.1 K.
TSPA-ds has been used as an internal reference
with chemical shifts at 0.0 ppm and -2.63 ppm for
'H and *C, respectively. Following acquisition
parameters have been used for 'H NMR: spectral
width of 13.6 ppm (transmitter frequency at 4.84
ppm) on 64 K data points — FID resolution of 0.3
Hz and acquisition time 2.58 s; 60° pulses of 7.2 us
duration; relaxation delay of 4 s; 16 dummy and
256 scans. Zero filling by a factor of 2 and
exponential multiplication by a line broadening of
0.3 Hz has been applied. Manual processing and
careful manual phasing of the spectra ensured that
the integrals have minimal distortion and thus
contribute to the quantitative reproducibility.
Standard C NMR parameters have been used -
spectral width 238.9 ppm, 32 K data points, 60°
pulses of 6.5 us duration; relaxation delay of 2.0 s;
4048 scans. Assignment of the signals has been
made on the basis of the gradient enhanced versions
of TOCSY, standard and semi-selective HSQC [5].

Preparation of data for chemometrics

A combined H/™C method was used to obtain
reliable semi-quantitative data for characterization
of the pine jams and their differentiation from the
honey types. Quantitation relies on the intensities of
the ¥C NMR signals utilizing the much higher
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dispersion (Fig. 2) of the signals in the carbon than
in the 'H spectra (Fig. 1). The region of the
anomeric carbon atoms (106-83 ppm) contains a
number of non-overlapped signals for most of the
saccharides. Additionally, 3C intensities for several
typical honey ingredients as quercitol [6],
butanediol [7] and proline [8] as well as for 15
unidentified constituents were determined (see
Table S1). One carbon signal was chosen for every
of the 41 components (Table 1). Reducing sugars
were also represented by one non-overlapped signal
taking into account the quantities of the
corresponding epimers from the NMR spectra of
the individual sugars in D-O. The molar mass of all
components was taken into account in order to
determine the amount of the individual ingredients.
Diffusion NMR spectra indicate that the
unidentified components have diffusion coefficients
in the range between mono- and disaccharides, and
a tentative molar mass of 200 was ascribed to all of
them. Additional adjustment of all carbon
intensities was made via comparison with the
integration results of several proton signals against
TSPA.

Chemometric analysis

Chemometric analysis [9, 10] was applied in
order to test the possibility to differentiate pine
jams from honey varieties. Taking into account the
limited number of samples unsupervised pattern
recognition via cluster analysis (CA) and principle
component analysis (PCA) were applied using the
algorithms offered by EXCEL [11], SIMCA14 [12]
and Past3 [13] statistical software.
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Cluster analysis allows grouping of a set of
objects in such a way that objects in the same group
are more similar to each other than to those in other
groups. Very popular is the “connectivity model”
that uses hierarchical clustering based on distance
connectivity represented by a dendrogram (e.g. Fig.
4A). The x-axis marks the distance at which the
clusters merge, while the investigated objects are
disposed along the y-axis preventing cluster
mixing, accompanied by a table presenting the
distances between the objects. The Ward's
minimum variance method was found most
appropriate for the jam-honey discrimination.
Principal components analysis is the most often
applied procedure for identifying a smaller number
of uncorrelated variables, called "principal
components”, from a large set of data. The goal of
PCA is to explain the maximum amount of variance
with the fewest number of principal components.
These are linear combinations called usually factors
being better descriptors than the original chemical
or physical measurements, allowing easier
visualization of the obtained results. In the case of a
limited number of samples n as in our investigation
(n=5) the number of derived factors is confined to
n-1.

RESULTS AND DISCUSSION

NMR chemical profiling

The *H and ¥*C NMR chemical shifts were
obtained from the corresponding 1D NMR spectra
of the five remedies. They are presented in Figs. 1
and 2 with annotation of the saccharide components
in the corresponding anomeric spectral areas.

Pine cones jam
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Fig. 1. *'H NMR spectra of the investigated jams and honeys with expansion of the sugar region.
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Fig. 2. 13C NMR spectra of the investigated jams and honeys with expansion of the anomeric sugar region.

Use of the gradient version of the HSQC
technique with high resolution in the indirect
dimension and comparison with previously made
sugar profiling [14, 15] and literature data [16]
assures the unambiguous identification of the
organic ingredients - carbohydrates, amino acids
and some other detectable components. The profile
of two jams is compared with the data of three
previously studied types of honey [14, 15] — pine
honeydew, oak honeydew and polyfloral honey.
The chemical shifts used for quantitation of the
detected organic ingredients are presented in Table
1 and the chemical profiles are visualized in Fig. 3.

Chemometric analysis

The input data set with normalized intensities
for 41 detected organic ingredients in the five
investigated natural remedies is presented in Table
S1. The data is first standardized by the z-transform
procedure to eliminate the parameter dimension

@ Oak honeydew honey m Pine buds jam g Pine honey g Pine cones jam

impact on the classification and interpretation
results. For hierarchical aggregation of the samples
into a cluster the Ward's method is used. The
standardized component quantities, presented in
Fig. 3, cluster in two statistically significant groups
for the five studied samples. One is for the studied
honeys and the other - for the jams (Fig. 4A) with
Euclidean distances between the different elements
presented on Fig. 4B. Principle component analysis
identifies two factors responsible for 75% of the
total variance in the chemical composition of honey
and jam. The results are visualized in a 3D PCA
plot on Fig. 4C and listed in Table 2S. The first
factor, accounting for 51% of the explained system
variance correlates with the main di- and
trisachacharides characteristic for honey, quercitol,
2,3-butanediol and several unidentified components
while the second factor, responsible for 23% is
connected to the quantities of proline, several less
common saccharides and the unrecognized
components U1 and U10.
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Fig. 3. Chemical profile of the studied natural remedies (in g/100g jam or honey), representing the semi-quantitative
data obtained from the *H and **C NMR spectra.
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Table 1. Chemical shifts of the carbon signals used for quantitation and their attached protons (in ppm), acronyms of the
different organic ingredients, a/p ratio of the reducing sugars and proton signals used for adjustment of the carbon intensities.

Component o 13C S5H Acronym a:p Ratio Used ¢ 'H
Isomaltulose 104.64 R IMu 0.164
ap-Trehalose 102.79 4.63 afTr
Gentiobiose 102.49 4.47 Gb 0.364
Turanose 100.72 5.29 Tu 0.444 5.29
Leucrose 100.11 5.09 Lu 5.09
Erlose 99.67 5.38 Er
Panose 99.64 5.38 Pa 0.615
Maltose 99.54 5.38 Ma 0.417
Nigerose 98.87 5.33 Ng 0.583
Isomaltose 97.73 4.95 IMa 0.636
Trehalulose 97.71 _ Tru
aa-Trehalose 93.00 517 aaTr
Isokestose 92.31 541 1-Ks
Kojibiose 89.30 5.43 Kb 0.415 5.43
Melezitose 83.24 4.29 Mz
Sucrose 76.21 4.21 Su
Raffinose 76.14 4.22 Rf 4.99
Glucose 75.75 3.45 Gl 0.600 4.64
Fructose 67.45 3.78 F 0.688 4.10
Quercitol 33.20 1.98/1.80 Q
Proline 2371 1.99 Pro
meso-Butanediol 16.72 1.13 mBd
racemic Butanediol 17.80 1.13 rBd
Unidentified compounds* 103.46 - Ul

97.79 - u2
101.69 - U3
101.22 5.23 U4
96.74 5.48 U5
Hydroxymethyl-furfural - 9.44 HMF 9.44

* Additional compounds U6-U15 (102.26; 104.08; 103.66; 103.55; 103.44; 103.38; 102.86; 100.77; 99.26; 98.17).

Num

Oak honey ﬁise OHH PFH PHH PCJ PBJ 4‘\ GPBJ .
| | ®PHH
Polyfloral honey :l_ Hone OHH 00 6.7 9.2 118 108 \
Pine honey PFH 6.7 0.0 7.6 9.5 75
PHH 9.2 7.6 0.0 9.7 8.9
Pine cones jam ——— Jam PCJ 1.8 95 97 00 75
Pine buds jam ———— PBJ  10.8 75 8.9 7.5 0.0

40 50 60 70 80 90 100 110

R2XI11 = 0512

A B
Fig. 4. Visualization of the multivariate analysis. A) Hierarchical dendrogram for clustering of 41 ingredients; B) Table
of distances between different objects; C) PCA 3D score plot for: PCJ — pine cone jam; PBJ — pine bud jam, PHH —
pine honeydew honey; PFH — polyfloral honey; OHH - oak honeydew honey.
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The observed differences in the chemical profile
of the two studied jams can be best visualized by
the Nightingale’s “rose diagram”.

Turanose

Trehalulose

Gentio

Raffinose

Fig. 5. Nightingale’s diagram.

CONCLUSION

Significant difference in the carbohydrate profile
of the studied jams has been detected. The jams are
characterized generally by a lower content of di-
and trisaccharides compared to honeys. Higher
amounts in the jams only of saccharose and
gentiobiose were determined. Pine cone jam
contains appreciable amount of sucrose, while pine
bud jam is rich in gentiobiose. The combination of
NMR spectroscopy with chemometric methods is a
power tool not only to detect adulteration, to
distinguish geographical and botanical origin of
honey but also to discriminate jam from homey,
provoking more detailed analysis of pine jams.
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Table S1. Input data set with normalized intensities of the detected organic ingredients in the
investigated natural remedies (in g/100g).

Component Oak#oneydew Polyfloral  Pine cones Pine honeydew Pine buds

oney honey jam honey jam
Gl 34.2295 30.4499 12.0846 38.7840 42.0660
IMu 0.5165 0.0000 0.0000 0.0708 0.0000
afTr 0.2796 0.1669 0.0000 0.2265 0.0000
TuP 1.6036 1.1112 0.0795 0.6504 0.3601
Lu 0.2733 0.1387 0.0000 0.1805 0.0000
Er 0.6094 0.4508 0.0000 0.7676 0.0000
Pa 0.3664 0.2700 0.0000 0.7970 0.0000
Ma 0.3081 1.1624 0.0000 0.9076 0.0000
Ng 0.4446 0.2579 0.0000 0.2249 0.0000
IMa 1.1556 0.7541 0.0000 0.8339 0.0000
Tru 0.7856 0.6385 0.0957 0.7868 0.3650
Ks 0.3194 0.0000 0.0000 0.2061 0.0000
Kb 0.5856 0.4592 0.0000 0.1545 0.0000
Mz 0.2438 0.0000 0.0000 0.5094 0.0000
Q 0.4661 0.0000 0.0000 0.1259 0.0000
Pro 0.1300 0.1014 0.0000 0.4333 0.0000
mBd 0.1815 0.0000 0.0000 0.0708 0.0000
Unl 0.1483 0.2891 0.0000 0.4190 0.1743
un2 0.3533 0.4725 0.0000 0.0000 0.3225
Un3 0.0775 0.0712 0.0000 0.0000 0.1398
Un4 0.0932 0.1053 0.0000 0.0000 0.0849
un5 0.0639 0.0779 0.0000 0.0442 0.0680
Un6é 0.0000 0.0600 0.0000 0.0854 0.0615
un7 0.1394 0.0448 0.0000 0.0000 0.0000
Un8 0.1946 0.0869 0.0000 0.2296 0.0000
un9 0.1864 0.1172 0.0000 0.0000 0.0000
uUnl0 0.0501 0.1212 0.0000 0.1697 0.0000
Unll 0.0691 0.0493 0.0000 0.0000 0.0000
unl2 0.0533 0.0365 0.0000 0.0000 0.0000
Unl3 0.0922 0.0856 0.0000 0.0000 0.0516
Unl4 0.0650 0.0681 0.0000 0.0000 0.0000
Unil5 0.5198 0.3073 0.0000 0.0000 0.0000
rBD 0.1759 0.0000 0.0000 0.0000 0.0000
Su 0.3113 0.2270 49.2307 0.0000 3.5226
Rf 0.3854 0.2329 0.1157 0.2799 0.0000
F 39.7665 40.6284 7.8390 32.2524 39.1976
Et 0.0000 0.0000 0.0027 0.0000 0.0000
Al 0.0000 0.0000 0.0006 0.0000 0.0000
HMF 0.0000 0.0000 0.0011 0.0000 0.0219
Gb 0.0000 0.0000 0.0011 0.0834 0.1893

aaTr 0.0000 0.0000 0.0011 0.4583 0.0000






Table 2S. Factor loadings for a [5%41] matrix.

Variables PC1 PC2 PC3 PC4
Gl 0.45 0.28 0.75 0.38
IMu 0.76 -0.29 -0.35 0.46
apTr 0.95 0.26 -0.17 -0.02
TuP 0.97 -0.24 0.00 -0.05
Lu 0.97 0.14 -0.21 0.05
Er 0.84 0.53 -0.12 -0.08
Pa 0.60 0.79 -0.09 0.00
Ma 0.53 0.46 0.19 -0.69
Ng 0.98 -0.03 -0.18 -0.04
IMa 0.97 0.17 -0.15 -0.08
Tru 0.92 0.35 0.17 0.01
Ks 0.78 0.21 -0.34 0.48
Kb 0.92 -0.29 -0.09 -0.24
Mz 0.49 0.79 -0.20 0.31
Q 0.79 -0.16 -0.36 0.48
Pro 0.45 0.89 -0.07 0.02
mBd 0.80 -0.03 -0.36 0.49
Ul 0.47 0.74 0.44 -0.20
U2 0.49 -0.63 0.56 -0.24
U3 0.12 -0.57 0.77 0.27
U4 0.49 -0.65 0.56 -0.12
us 0.62 -0.17 0.76 -0.08
U6 0.01 0.68 0.71 -0.18
u7 0.82 -0.49 -0.24 0.15
us 0.81 0.54 -0.19 0.12
U9 0.84 -0.51 -0.13 -0.13
u10 0.53 0.73 0.09 -0.42
Uil 0.83 -0.51 -0.10 -0.19
U1z 0.83 -0.51 -0.11 -0.17
uU13 0.66 -0.65 0.35 -0.12
ul4 0.77 -0.49 0.00 -0.40
ui1s 0.84 -0.51 -0.14 -0.09
rBD 0.72 -0.42 -0.33 0.44
Su -0.73 -0.19 -0.65 -0.08
Rf 0.88 0.16 -0.44 -0.08
F 0.69 -0.07 0.72 0.06
Al -0.69 -0.17 -0.69 -0.11
Et -0.69 -0.17 -0.69 -0.11
HMF -0.45 -0.23 0.72 0.48
Gb -0.36 0.22 0.74 0.53
oalr 0.14 0.98 -0.04 0.10
PCV* 21.00 9.48 7.36 3.16
TESV** 51.23 23.12 17.95 7.70

*particular component variance; ** total amount of the explained system variance
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N3CJIEIBAHE HA bOPOBU CJIAJIKA U3ITOJI3BAH B HAPOJIHATA MEJIUIINMHA
I[TOCPEJACTBOM AMP 1 XEMOMETPUA

. l'eprunoga, /1. lumosa, C. CumoBa*
Hnemumym no opeanuuna xumust ¢ Llenmvp no pumoxumus, bvreapcka akademus na Haykume,
ya. Akao. I'. Bonues, 61. 9, 1113 Cogpusa, bvreapus

TlocTenmna Ha 3 maii 2017 r.; Kopurupana sa 5 ronn 2017 r.

(Pesrome)

ITpoBeneHo e HavamHO M3CJIEABAaHE HA XUMHYHUS NMPOQHIT Ha CIAJKO OT OOPOBH HIMIIAPKH M OT OOPOBH BpbXUeTa
nocpeacteoM 'H and *C SIMP chektpockomusi. AHamu3 Ha IJIABHUTE KOMIOHEHTH U KIbCTEpPeH aHanu3 Ha 41
OpPraHWYH{ CHCTABKH ITO3BOJISIBA pa3rpaHNYaBaHEe Ha CIAJKO OT IuesieH Mel. OTKPUTH ca Pa3iIuKH B XUMUYHUS MTPOQHIT
Ha JBeTe OOPOBU ClajKa.
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