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ARTICLE INFO ABSTRACT

Different grades of genuine and counterfeit Fraxinus excelsior exudates, marketed as natural
sweeteners or mild laxatives, were evaluated for their proximate composition and for saccharidic,
organic acids, lipidic and phenolic profile by means of GC-MS and 'H NMR. Genuine samples
contained mannitol (39-48 g/100 g, according to the grade), fructose (9-16 g/100 g), glucose
(2-3.7 g/100 g), sorbitol (0,5-0,6 g/100 g), galactose (0.02-0.74 g/100 g), oligosaccharides
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Keywords: as mannotriose (13-22 g/100 g) and stachyose (1-11 g/100 g), and traces of myo-inositol,
Manna ash composition mannose, sucrose. On the contrary, counterfeit samples contained mostly mannitol and sorbitol,
Fraxinus

with traces of fructose, glucose and mannose. Differences in ash, total polyphenolic content and
fatty acid composition allowed a quick identification of counterfeit products, confirmed by a
distinct mono-, oligosaccharidic and phenolic pattern. Elenolic acid (63-1628 mg/kg), tyrosol
(15-774 mg/kg), homovanillic acid (2,39-52.8 mg/Kg), dopaol (0.8-63 mg/kg), pinoresinol
(4.2-18.5 mg/kg) and fraxetin (0.25-11.64 mg/kg), albeit showing a wide concentration range,
were the most abundant substances detected in the phenolic fraction of Fraxinus manna, while
esculetin, p-hydroxybenzoic acid, 4-hydroxyphenacetic acid, 3,4 hydroxybenzoic acid, hydroxy-
pinoresinol, medioresinol and siringaresinol were present in low amounts. The polyphenolic
profile may be used as a marker for authentication and should be considered in the evaluation of
nutritional and health properties ascribed to Fraxinus manna.

© 2013 Elsevier B.V. All rights reserved.
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1. Introduction or polyols: trehalose in Trehala from Echinops persicus,

melezitose in Briangon manna from Larix decidua and mannitol

The term manna describes a broad and heterogeneous class
of sugary, white or pale yellow, dried exudates collected from
different natural sources and employed in various parts of
the world as sweeteners, emergency foods or as folk remedies
to treat minor illnesses [1-5]. Despite a similar macroscopic
appearance and a common culinary and ethnobotanical use,
these exudates bear significant chemical differences, as their
sugar profile can house different predominant oligosaccharides
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in Fraxinus spp. manna, to name a few [1,6,7]. At present, due to
its wider diffusion and as a consequence of persistent ethnobo-
tanical traditions in few areas along the Mediterranean coast,
Fraxinus excelsior is the sole consistent commercial source of
manna in Europe and in the Middle East [6-11].

Fraxinus manna can be obtained in locations with precise
pedoclimatic niches characterized by persistent, dry, hot periods
and steady ventilation during summertime. These conditions are
mandatory for the bioaccumulation of osmotic sugars in floematic
tissues of Fraxinus and to obtain the complete drying of the sap
that gushes from cuttings handmade on the bark [11]. In fact,
contrarily to maple syrup or honeydews, Fraxinus saplings are
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spontaneously able to dry once exposed to open air [8-10]. In
Sicily, where traditional production methods are still in place, as
soon as Fraxinus trees display the first symptoms of water stress,
the bark is tapped slantwise and the phloem sap is let flow on
proper supports, where is quickly dried by the warm wind and
collected daily. The difficult production and the reliance on
aleatory meteorological conditions, together with a renewed
interest by the herbal market have recently induced a steady
growth of the price of Fraxinus manna and have increased the
number of actors involved in its supply chain [9,12]. The final
product has been collected and distributed by a single consortium
of harvesters until few years ago, while nowadays Fraxinus manna
is independently sold to different traders and then distributed
worldwide to food, pharmaceutical and herbal companies. The
quality assurance provided by the consortium has been lost and
the deregulation of the market has increased the risk of
adulterations and substitutions. Fraxinus manna is available both
as a powder or as cylindrical fragments of various sizes, ranging in
color from white to pale yellow and graded by a basic visual,
subjective inspection that do not take into account any
quantitative parameter related to its chemical composition.

Besides its pharmaceutical use as mild osmotic laxative
and as a diuretic, this exudate is nowadays employed as a
sweetening ingredient in a range of local foods, including
functional foods designed for hyperglycemic people. It is also
used in toiletries, including soaps and creams, for its emollient
properties [13]. However, despite a legacy of herbal and food
use over many centuries, the description and the scientific
validation of Fraxinus manna is still scarce, and little or no
attention has been paid to its chemical composition [14-19].
This lack of knowledge reverberates on different backgrounds,
including quality control, nutritional properties and health
benefits. For instance, without a precise chemical profiling any
claim related to the purported health properties of this herbal
product will remain purely anecdotical. Moreover, the authen-
ticity of Fraxinus manna nowadays sold on a larger scale
represents a critical issue, as sophistications by substitution are
increasingly reported. In particular, some counterfeit raw
materials of similar size, color and texture have been spotted
out on the market at a very lower price, giving rise to issues
related to the original product reputation and credibility. This
should come as no surprise, as the emergence of adulterations
by substitution or by the addition of bulking agents are un-
fortunately a frequent occurrence once a raw plant material
obtain a premium price [20,21]. However, in absence of a
proper chemical description of Fraxinus manna, no effective
measure for quality control and authentication may be
enforced. Finally, a partial or defective chemical characteriza-
tion of Fraxinus manna prevents the establishment of standard
profiles and specifications for industrial use and hinders the
possibility to properly relate its phytochemical profile with
eventual health bioactivities and claims.

Given the uncertainties surrounding the chemical profil-
ing of Fraxinus manna, the aim of the present work is to
provide a comprehensive investigation of major and minor
constituents of dried exudates obtained from F. excelsior
trees according to traditional production methods. A com-
parison with counterfeit samples will be also performed in
order to detect eventual differences. The results will allow
a comprehensive phytochemical description of this herbal
drug, supporting both the development of adequate quality

control protocols and the careful evaluation of its potential
health benefits.

2. Materials and methods
2.1. Chemicals

HPLC-grade solvents, mannitol, myo-inositol and gallic
acid were from Carlo Erba, Milan, Italy; sucrose, fructose,
trimethylsilyl propionate (TSP, internal standard for NMR
analysis), phenyl-B-p-glucopyranoside gluconic, succinic,
lactic, malic acids and simple phenols were from Sigma-
Aldrich, Saint Louis, MO, USA; elenolic acid was obtained by
hydrolysis of oleuropein (Sigma); glucose, galactose, glutaric
acid, hexamethyldisilazane (HMDS) and dimethylformaldehyde
(DMF) were from Fluka (Buchs, Switzerland). (+)-Pinoresinol
was obtained from ArboNova (Turku, Finland); N,0-Bis tri-
methylsilyl-trifluoroacetamide (BSTFA) with 1% trimeth-
ylchlorosilane was purchased from Fluka. All solvents (analyt-
ical grade) have been obtained from Carlo Erba Reagenti
(Milano, Italy).

2.2. Plant material

Commercial samples of F. excelsior L. manna were
obtained at the end of July 2009 from different producers
operating near Pollina and Castelbuono (Palermo, Italy).
Samples were collected and processed following the meth-
odology in use at present time for higher-grade production.
Briefly, the exudate was collected all day long on nylon wires
applied to cuttings made on the trunk with a knife and the
dripping sap was let dry at open air during daytime, then
gathered before dusk by manual removal from the wire. The
shape of the samples (named “cannoli”) was cylindrical and
their color ranged from white (first grade, n = 6) to pale
yellow (second grade, n = 6). Third grade manna (n = 6)
was obtained by recrystallization of sap pouring out at the
end the wire, traditionally collected on the surface of a
Opuntia ficus-indica cladode and mixed with samples not
compliant to visual quality (named “manna in rottame”),
determined according to color, shape and cleanliness.
Counterfeit manna samples (n = 6), in bright white globular
clusters, were obtained from different herbal shops in Italy in
2010. Voucher specimens of the herbal drug were deposited
as MANO06-32 at the Department of Food Science of the
University of Parma (Italy). Samples were stored in airtight
glass vials with Teflon-sealed caps at —18 + 0.5 °C in the
dark, to prevent degradations prior to analyses.

2.3. Proximate analysis

Humidity, acidity, total protein, lipid, and ashes were
determined by official AOAC methods. Total phenolic com-
pounds were determined by using the Folin-Ciocalteu method
[22].

2.4. GC/mass spectrometry analysis
2.4.1. Organic acids

An aliquot of 100 mg of each sample was diluted with 10 ml
of deionized water, 2 ml of a standard solution of glutaric acid
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Table 1

Proximate composition of different grades of Fraxinus excelsior manna and counterfeit manna.

Humidity Proteins Fat Acidity Total Polyphenols Ash

%
First grade Cylinders, white 8.6 + 0.1b 0.03 + 0.01a 0.20 + 0.02ab 3.4 4+ 0.02b 0.11 4+ 0.02b 0.85 + 0.04b
Second grade Cylinders, pale yellow 814 0.1b 0.03 + 0.01a 0.18 + 0.02ab 1.6 &+ 0.01b 0.13 £ 0.03b 0.71 + 0.02b
Third grade Powder, yellow 10.8 + 0.1a 0.05 &+ 0.01a 0.40 &+ 0.01a 4.5 £+ 0.02a 0.1432 + 0.009a 1.45 + 0.05a
Counterfeit Amorphous, white 1.8 + 0.1c 0.01 + 0.01b 0.10 4 0.04b 2.0 £+ 0.02b 0.0015 =+ 0.0009¢ 0.25 + 0.04c

Values followed by different letters within one column are significantly different (p < 0.05).

(500 ppm) and dissolved with a trans-sonic thermostatable
ultrasound bath supplied by Elma. To separate the organic acids,
this solution was passed through an Amberlite [RA 958 (0.8 ml)
column which was previously activated with 8 ml of a 6%
solution of NaOH. The column was then washed with deionized
water to remove interfering substances and the isolated
organic acids were eluted with 8 ml of HCl 2N. The eluate was
then taken to dry under vacuum and subsequently diluted with
1 ml DMF, 0.3 ml TMS and 0.6 ml HMDS. The final solution
was heated at 60 °C for 30 min before injection. A 1000 ppm
standard solution of glutaric (IS), lactic, succinic, malic, citric
and tartaric acids was prepared following the same protocol
and injected with the same analytical conditions for identifica-
tion purposes and to determine response factors in GC/MS.
Derivatized carboxylic acids were analyzed in a Agilent 6890N
gas chromatograph coupled to an Agilent 5973N mass spectra
detector. A polar capillary column of fused silica (Supelco
SLB-5MS; length 30 cm; internal diameter 0.25 mm; film
thickness 0.25 um) was used. The injector temperature was
280 °C and the injection mode was split (1:20). The oven
starting temperature was 60 °C and after 3 min it was
increased at a rate of 20 °C/min until 280 °C, and then held at
constant temperature for 25 min. MS conditions: ion source
temperature: 230 °C; electron impact: 70 eV; acquisition
mode: scan (m/z 45-500). The response factors relative to
the internal standard method were calculated using the
relation K; = gr; / grjs x areays / area; where K; is the response
factor for the i-th species, gry is the weight of the i-th species,
grys is the weight of the internal standard, area; is the peak area
of the i-th species, and areass is the peak area of the internal
standard. All the experimental data were obtained from three
replicated independent samples.

2.4.2. Fatty acids

Five grams of each sample were extracted for 60 min
with 60 ml of ethylic ether with a Soxhlet apparatus. The

Table 2

Fatty acid composition of different Fraxinus excelsior grades and counterfeit manna.

fat extracted was dissolved with 1 ml hexane, treated with
methanolic KOH and 1 pl was injected (split mode) into GC-MS
(6890N-5973N Agilent Technologies, Santa Clara, CA, USA) on a
Supelco SLB-5MS capillary column; (length 30 cm; internal
diameter 0.25 mm; film thickness 0.25 pm) in the following
chromatographic conditions: injector temperature of 280 °C and
detector temperature of 280 °C. The oven starting temperature
was 40 °C and after 3 min it was increased at a rate of 20 °C/min
until 220 °C, then held at constant temperature for 4 min, raised
at 270 °C at a rate of 20 °C/min and finally held at 270 °C for
10 min.

2.4.3. Simple sugars

About 2 mg of dried exudate was dissolved in 1 ml of a
1030 ppm solution of phenyl-B-b-glucopyranoside in DMF
and then sylanized with 0.3 ml TMCS and 0.6 ml HMDS. The
final solution was heated at 60 °C for 30 min before injection.
Standard solutions of maltose, galactose, mannose, mannitol,
myo-inositol, xylitol, glucose, fructose, saccharose, and gluconic
acid were prepared with the same protocol. Samples were
extracted with 1 ml hexane and injected (split mode) into
GC-MS (6890N-5973N Agilent Technologies, Santa Clara, CA,
USA) on a Supelco SLB-5MS capillary column; (length 30 cm;
internal diameter 0.25 mm; film thickness 0.25 pm) in the
following chromatographic conditions: The injector temperature
was 280 °C. The oven starting temperature was 60 °C and after
3 min it was increased at a rate of 20 °C/min until 280 °C, and
then held at constant temperature for 6 min. The MS conditions
were the same as for organic acids. All the experimental data
were obtained from three replicated independent samples.

2.4.4. Phenolics

Extraction of phenolic substances was performed before
and after enzymatic hydrolysis of manna samples. In the case
of the extraction without hydrolysis, the exudates (5 g, dry
weight) were completely dissolved in 30 ml of distilled water

%

First grade Second grade Third grade Counterfeit samples
C14:0 1.17 £+ 0.05 0.61 + 0.02 0.91 + 0.02 nd
C15:0 0.37 4 0.03 0.17 4+ 0.01 0.24 4+ 0.01 nd
C16:1 1.05 £ 0.05 3.36 4+ 0.02 2.46 £+ 0.01 nd
C16:0 3249 + 093 17.05 + 0.27 22.12 £ 0.19 3442 + 0.13
C17:0 0.11 & 0.01 0.12 4+ 0.02 0.09 + 0.01 nd
C18:2 2.43 4 0.06 6.33 + 0.11 421 £ 0.13 nd
C18:1 58.45 + 0.71 67.95 + 0.62 65.77 + 0.54 36.75 + 0.21
C18:0 3.77 £ 0.12 407 +£ 0.9 3.97 4+ 0.86 28.83 +0.18
C20:0 0.16 & 0.01 0.33 4+ 0.01 0.21 4 0.01 nd




68

Table 3

Sugar composition of Fraxinus excelsior and counterfeit manna as determined by GC-MS and 'H NMR.

Mannitol *° Sorbitol® Myo-inositol® Fructose® Glucose " Galactose *P Mannose® Sucrose *° Mannotriose” Stachyose”

Grade

g/100 g

6.4 + 3.7a
1113 £+ 24a

22 4+ 14a
13 +£3a
13+ 2a

0

0.01 & 0.005a
0.13 £ 0.21a

0

0.74 4+ 0.07a

2.2 4+ 03c

9.1 &+ 1.4ac
16 £ 8a

0.19 4 0.05ab
0.34 £+ 0.17a

0.46 + 0.21b
0.48 4+ 0.2b

42 + 13a
39 + 6a
48 £ 3a
49 + 4a

First

0.57 + 0.52

0.6 + 0.5 ac

3.7 £ 07a

Second
Third

15+ 0.3b
0.3 &+ 0.1c

0.02 + 0.01bc

0

2.5 4+ 0.3ac
0.21 4+ 0.05b

10 + 1ab
0.52 4 0.1bc

0.04 + 0.01b

0

0.65 + 0.08b

0.8 + 0.2b

0

0.16 + 0.01a

34 4+ 04a

Counterfeit

Values followed by different letters within one column are significantly different (p < 0.05).

2 Determined by GC.
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b Determined by quantitative "H NMR.

and extracted three times with 40 ml ethyl acetate in a
separatory funnel. The three extracts were then pooled, treated
with anhydrous sodium sulfate, filtered and evaporated under
vacuum. In the case of enzymatic hydrolysis, the exudates (5 g,
dry weight) were dissolved in 30 ml of acetate buffer, added to
5 ml of beta-glucosidase solution in acetate buffer (2.58 U/ml)
and maintained at 37 °C for 12 h. The hydrolyzed mixture was
then extracted as above. The dried extracts were then dissolved
in 100 Wl of ethyl acetate containing cholestanol (170 mg/I)
as internal standard and added to 100 pl of BSTFA reagent
(1 h, 60 °C) for the GC-MS analysis. The response factors
of phenolics vs cholestanol were determined on a standard
mixture containing pinoresinol and simple phenols subjected
to the complete extraction and derivatization procedure.

The sylilated extracts were subjected to gas chromatography-
mass spectrometry (GC-MS) analysis performed with an
Agilent Technologies 6890N gas chromatograph coupled to
an 5973N mass selective detector (Agilent Technologies,
Santa Clara, CA, USA), equipped with a SLB-5MS capillary
column (30 m, 0.25 mm i.d., 0.25 Im film thickness; Supelco,
Bellefonte, PA) in two different instrumental conditions. For the
detection of lignans the oven temperature was programmed
from 60 °C for 1 min, increased to 250 °C at 30 °C/min, kept at
250 °C for 10 min, increased to 280 °C at 1 °C/min, then kept at
280 °C for 13 min. Initial head pressure was 8.13 psi; injector
temperature: 280 °C; injection mode: splitless 0.2 min; volume
injected: 1 pl; solvent delay: 10 min; detector temperature:
280 °C; carrier gas: helium 5.0. MS conditions: ion source
temperature: 230 °C; electron ionization: 70 eV; acquisition
mode: scan (m/z 50-750). For the detection of simple phenols
and elenolic acid, the oven temperature was programmed from
60 °C for 3 min, increased to 280 °C at 20 °C/min, kept at 280 °C
for 25 min. Initial head pressure was 8.13 psi; injector temper-
ature: 280 °C; injection mode: split; volume injected: 1 l;
solvent delay: 5.5 min; detector temperature: 280 °C; carrier
gas: helium 5.0. MS conditions: ion source temperature: 230 °C;
electron ionization: 70 eV; acquisition mode: scan (m/z
50-750). The quantitative results are the mean value of three
different extractions and three injections performed for each
sample.

2.5. "TH NMR determination of oligosaccharides

TH NMR spectra were recorded on a VARIAN INOVA-
600 MHz spectrometer. The samples of manna were dissolved
in 1 ml of deuterated water containing 0.1% standard solution
of sodium 3-(trimethylsilyl)-propionate-d4 (TSP). The '"H NMR
spectra were registered utilizing a triple resonance inverse
probe. Spectra were acquired at 298 K, with 32K complex
points, using a 45° pulse length. 64 scans were acquired with an
acquisition time of 1.7 s and a relaxation delay (d1) of 3 s. The
'H NMR spectra were processed by MestreC software. The
spectra were Fourier transformed with FT size of 64K, phased
and baseline corrected, and referenced to the TSP peak
(0 ppm). Phase correction was performed manually for each
sample, and a polynomial baseline correction was applied over
the entire spectral range. In some cases a manual baseline
correction was necessary. NMR spectra were utilized for the
quantitative analysis of mannotriose and stachyose, integrating
the respective anomeric signals (5.26 ppm for mannotriose
and 5.44 for stachyose). The manual integration of the selected
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signals and the comparison with TSP (internal standard) area
permitted the quantitative determination of mannotetrose
and stachyose. The quantification of a substance from a NMR
spectrum requires knowledge of the number of hydrogens
contributing to the signals of the analyte and the internal
standard, in order to calculate the equivalent weight (EW):
EW = (MW / no of hydrogens in the signal), where MW is
the molecular weight. The compound mass (mgx) and the
mass of internal standard (mgTSP) are then related by
(Ax + EWX / mgx) = (ATSP « EWTSP / mgTSP), where Ax =
spectral area of analyte; ATSP = spectral area of internal
standard; EWx = equivalent weight of analyte; EWTSP =
equivalent weight of internal standard.

3. Results and discussion
3.1. Proximate composition and quality control

The proximate composition of different grades of commer-
cial genuine and counterfeit F. excelsior L. manna is reported in
Table 1. The samples were characterized by a similar abun-
dance of total proteins, total lipids and free acidity, while
the total polyphenolic content, along with ashes and water,
outlined some differences. The counterfeit manna samples, in
particular, evidenced a lower polyphenolic and ash content.
Given their low-cost and easiness, these determinations may
represent a cheap, quick and first-line option to spot potential
frauds. The presence/absence of polyphenols and the qualita-
tive fatty acid profile, in particular, might represent possible
criteria for rapid authentication purposes. For instance, some
parameters described in Table 1, like total protein, ash and
polyphenol content, allowed a reliable and significant discrim-
ination between Fraxinus manna and adulterated samples. As
reported in Table 2, the lipid fraction of genuine Fraxinus
manna samples evidenced a fatty acid profile high in oleic
and palmitic acids with minor amounts of linoleic, palmitoleic
and stearic acids, although some differences were noticed
between samples of different visual grade. Such profile is
almost superimposable to that of olive oil, a fact that should not
come as a surprise being Olea and Fraxinus genera very closely
related from a botanical and chemotaxonomic standpoint [23].
The counterfeit samples, albeit containing the same amount
of lipids, were exclusively composed by palmitic, oleic and
stearic acids in almost equal parts, thus providing a completely
different profile and enabling an easy discrimination. The
higher water content of pure Fraxinus manna samples is likely
ascribable to incomplete sun-drying presently performed by
producers and to the hygroscopic properties of the exudates. It
may be easily reduced by means of thermostated ovens, if
needed.

Table 4
Organic acid composition of Fraxinus excelsior and counterfeit manna.

3.2. Sugar and organic acids composition

The quali-quantitative sugar profile of the samples is reported
in Table 3, with mannitol (41-48 g/100 g), mannotriose (13-
22 g/100 g), fructose (9-16 g/100 g), stachyose (1-11 g/100 g)
and glucose (2-3,7 g/100 g) being the most abundant saccha-
rides in genuine Fraxinus samples, regardless of their grade. Only
minor amounts of sorbitol (0.46-0,65 g/100 g), myo-inositol
(0.04-0,34 g/100 g) and galactose (0.02-0.74 g/100 g) were
detected. No significant discrimination based on these constitu-
ents can be obtained between the first, second and third grade
products, despite the fact that stachyose, galactose and myo-
inositol whose abundance was lower in third grade samples. As
described, these latter materials are obtained by dissolution in
hot water and recrystallization of lower grade or dirty batches
and the process may affect the final composition, as noticed also
in the subsequent profiling of the phenolic fraction. In terms of
authentication of the product, carbohydrates as fructose and
sorbitol, oligosaccharides like mannotriose and stachyose appear
instead to be valuable markers, given their absence or their
significant difference in counterfeit samples (Table 3), while the
organic acids profile do not seem to be a viable option to
discriminate genuine and counterfeit samples (Table 4). In
particular, the higher sorbitol content detected in counterfeit
samples may be considered as a potential sophistication sign and
could represent an ideal starting point for the development of
methods aimed at the detection of this material in the powder
form of the drug, where it could be concealed as a bulking agent.
According to its composition and to the concurrent lower
amount of water, polyphenols and ashes, the counterfeit samples
may be an industrial derivative originated by hydrogenation and
subsequent purification of an high-fructose syrup, as mannitol
isomer sorbitol is an abundant by-product of such process, in
which di- and oligosaccharides are notably not produced
[24]. This material is at present carefully handled to obtain the
same cylindrical, irregular shape of the genuine product and
may easily deceive inexperienced buyers, in particular in
emerging markets where the knowledge of Fraxinus manna is
quite limited. Finally, according to its sugar composition, Fraxinus
manna can be considered a potential candidate as a sweetener
endowed with low-cariogenic, low-calorie potential. Moreover,
being mostly composed by sugar alcohols that are only partially
metabolized in humans, its use as an anti-hyperglycemic
sweetener for diabetic people may be warranted [25].

3.3. Phenolic profile and elenolic acid
As reported in Table 1, the total polyphenolic content

of F. excelsior manna highlighted a remarkable difference
between genuine and counterfeit samples, a distinction further

Lactic acid Succinic acid Malic acid Citric acid Tartaric acid
g/100 g
First grade 1.39 + 0.06a 0.28 + 0.05a 0.07 &+ 0.01a n.d. n.d.
Second grade 1.15 + 1.25a 0.24 + 0.03a 0.13 + 0.02a n.d. n.d.
Third grade 1.3 + 0.08a 0.29 + 0.02a 0.08 + 0.01a n.d. n.d.
Counterfeit 0.6 + 0.06a 0.3 + 0.02a 0.05 + 0.02a n.d. n.d.

Values followed by different letters within one column are significantly different (p < 0.05).



Table 5

Phenolic composition of Fraxinus excelsior and counterfeit manna before and after hydrolysis.

Before enzymatic hydrolysis

After enzymatic hydrolysis

mg/kg

First grade Second grade Third grade Counterfeit First grade Second grade Third grade Counterfeit
Lignans
Pinoresinol 492 £+ 4.11a 17.05 &+ 10.27a 233 £ 051b n.d. 421 + 4.01b 18.15 4+ 10.17a 3.37 £ 042b n.d.
Hydroxy-Pinoresinol 2.03 &+ 1.65b 9.28 £+ 391a 0.48 4+ 0.17b n.d. 2.12 + 1.11b 9.68 + 3.23a 0.76 £ 0.19a n.d.
Medioresinol 0.09 + 0.15a 0.6 + 0.71a n.d. n.d. 0.11 & 0.09a 0.54 + 0.62a 0.07 + 0.02a n.d.
Siringaresinol 0.12 4+ 0.18a 1.25 + 1.85a n.d. n.d. 0.10 + 0.16a 147 +£ 1.94a 0.06 4+ 0.01a n.d.
Simple phenolics
Tirosol 15.52 + 5.12a 29.3 £ 8.67a 27.29 £+ 1.36a n.d. 122.06 + 84.18b 774.64 £+ 109.87a 46.92 £+ 1.99b n.d.
p-hydroxybenzoic acid 1.61 £+ 0.32a 0.2 £ 0.09¢c 0.92 + 0.18b n.d. 0.85 + 0.12a 229 + 1.11a 1.13 £ 0.15a n.d.
4-hydroxyphenacetic acid 0.46 + 0.12b 0.09 + 0.02¢ 0.67 + 0.04a n.d. 0.09 + 0.02b 519 + 2.11a 1.28 4 0.14b n.d.
Homovanillic acid 2.39 £+ 1.37b 5.57 £ 2.17a 511 £ 0.13a n.d. 4.75 £+ 2.43b 52.84 + 18.33a 7.69 + 0.87b n.d.
3,4 hydroxybenzoic acid 0.88 + 0.58a 032 4+ 0.17a 0.44 4+ 0.07a n.d. 0.82 + 0.42b 3.78 + 1.76a 191 £ 0.13ab n.d.
Dopaol 473 £ 3.17a 3.19 + 1.86a 0.86 + 0.14a n.d. 9.92 + 4.36b 63.01 + 20.09a 5.83 + 0.24b n.d.
Coumarins
Esculetin 0.61 + 0.39b 2.6 + 1.21a 0.15 + 0.02b n.d. 1.3 £ 0.21b 11.14 £+ 4.01a 0.24 + 0.02b n.d.
Fraxetin 312 + 1.84a 243 + 0.99a 0.25 + 0.02b n.d. 2.41 £+ 0.95b 11.64 &+ 3.87a 0.35 4+ 0.02b n.d.
Iridoids
Elenolic acid 317.09 + 145.87b 612.85 + 101.28a 63.05 + 1.23¢ n.d. 526.53 + 128.24b 1628.69 + 328.12a 125.65 + 4.62b n.d.

Values followed by different letters within one row are significantly different (p < 0.05).
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emphasized by subsequent quali-quantitative determinations
(Table 5). Elenolic acid (63-1628 mg/kg), tyrosol (15-774 mg/
kg), homovanillic acid (2.39-52.8 mg/kg), dopaol (0,8-63 mg/
kg), pinoresinol (4.2-18.5 mg/kg) and fraxetin (0.25-11.64 mg/
kg), albeit showing a wide concentration range, were the
most abundant substances detected in the phenolic fraction
of Fraxinus manna (Fig. 1). As noticed for the fatty acid
profile, the presence of these substances along with
esculetin, p-hydroxybenzoic acid, 4-hydroxyphenacetic acid,
3,4 hydroxybenzoic acid, hydroxy-pinoresinol, medioresinol
and siringaresinol is coherent with the chemotaxonomic
closeness between Fraxinus and Olea genera and is related to
the secondary metabolism of F. excelsior [23,26]. Their
abundance and the unique, complex overall profile, in
particular in second grade material, is comparable to that of
most extra-virgin olive oils and can represent a valuable tool
for the authentication of this food product on the market
[27,28]. Enzymatic hydrolysis produced an increase in detected
values of elenolic acid, coumarins and simple phenolics,
suggesting in F. excelsior the presence of esters and glycosides
likely homologous to those found in Olea europaea. While
simple phenolics, iridoids, lignans and coumarins were
completely absent in the counterfeit samples, both first, second
and third grade Fraxinus manna contained remarkable
amounts of these substances, but with interesting differences
between grades. In particular, the detected compounds were
on average more abundant in second grade material, while in
most occasions (e.g. coumarins, lignans, elenolic acid) third
grade samples provided significantly lower values. A compre-
hensive evaluation of the polyphenolic profile may therefore
allow also discrimination between different grades, besides
representing an authentication marker. According to the
empiric visual parameters followed by producers for the
classification of the raw product, whiter cylinders are regarded
as first-grade material while those with a yellow-brownish
color are considered of lower value. From a phytochemical
standpoint this may be related to the phenolic and polyphe-
nolic content, as pale-brown second-grade samples are

consistently richer in phenolic-derivatives. These substances
and elenolic derivatives in particular may also be responsible of
the bitter off-taste and browning frequently encountered in
commercial products. Furthermore, the presence of a diverse
array of phenolic subclasses in Fraxinus manna may be valuable
from a bioactivity and nutritional evaluation standpoint, given
the involvement of these substances in diverse biological
functions and considering their potential positive effects on
human health. In fact, the phytocomplex composed by tyrosol,
dopaol and elenolic acid derivatives is a well-known contributor
for the antioxidant properties ascribed to O. europaea-derived
foods and food-supplements and for its implication in cardio-
vascular disease prevention [29]. The polyphenolic fraction of O.
europaea is also a known anti-hyperglycemic agent and thus the
phenolic phytocomplex of Fraxinus manna may be involved,
along with its unique sugar composition, in the antidiabetic
properties traditionally ascribed to this food-product [30,31].

3.4. Standardization issues

As noticeable from Tables 3 and 5, remarkable batch-
to-batch differences were observed in first and second grade
manna for both sugar and phenolic composition. On the
contrary, smaller variations were obtained for the third grade
product. This behavior is a consequence of the packaging
strategy at present enforced by producers. In fact, at the
present time the first two grades are collected, wrapped
up and commercialized as individual cylinders (known as
“cannoli”) often obtained from a single plant, thus empha-
sizing the effects of natural variability. The wide fluctuation
in sugar and phenolic constituents is distinctive of most trunk
defensive exudates, as their amount in the xylematic or
phloematic vessels, from which the exudate is collected, is
strictly dependent upon the degree of hydric stress. This
parameter may vary locally as a consequence of a number of
abiotic factors like rainfall, soil texture, composition and
drainage and maybe also according to intraspecific variability
[14,31,32,33]. On the contrary, third grade material is
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Fig. 1. Structures of the main secondary metabolites found in F. excelsior manna.
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obtained via dissolution in hot water and subsequent
filtration and recrystallization of different pools of batches
collected from different plants at different times during the
season, an approach that minimizes the effects of individual
variations in the marketed product. The recrystallization
process may also be responsible for the lower presence of
phenolics, likely lost by enzymatic or thermal degradation
during the dissolution in warm water and by subsequent
oven-drying at high temperatures, as confirmed by limited
changes reported in this case between hydrolyzed and
non-hydrolyzed samples. As a consequence of these evidences,
the mixing of different batches and a strict quality control
should be encouraged in order to ensure a more uniform
product to the market.

4. Conclusions

From a commercial standpoint, Fraxinus manna can provide
adequate profits and offers a new ingredient to the food
industry, if adequate phytochemical definition and product
standardization are available. Counterfeit Fraxinus manna
samples can be identified by means of cheap analyses, focused
on total polyphenols and on lipid and saccharidic profile, or by
more sophisticated analyses involving the presence of simple
phenols like tyrosol or elenolic acid. However, the standardi-
zation of genuine first and second grade commercial samples
can be very low under the current production and packaging
strategy, highlighting the need for further analyses on the
chemical composition of this niche food product. These
should be aimed at the definition of parameters useful for its
profiling, to the evaluation of its nutritional or nutraceutical
properties and to the development of technological processes
suitable for an industrial exploitation. Lower-grade products as
recrystallized manna samples, despite providing lower visual
scores by producers and consumers, offer a better batch-
to-batch uniformity, a lower polyphenolic content, a similar
lipidic and glucidic content and may thus be used as food
or cosmetic ingredients. Moreover, a careful phytochemical
profiling of the bioactive phenolics should be taken into account
when the potential benefits resulting from the consumption of
this exudate are the object of in vitro, in vivo or clinical research.
It may be strongly advised that genuine Fraxinus samples
intended for the scientific evaluation of putative nutritional
properties and bioactivities, or sold according to some thera-
peutic or nutritional claims, should be carefully subjected to
standardization, phytochemical analysis and fingerprinting.
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