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Abstract

Context: The Sechium edule fruit is grown and consumed because of their
nutritional values in different countries of Latin America. Costa Rica is
one of the most important producers and exporters. It is consumed as an
antioxidant because its flavonoid content suggests such activity;
however, the selection of varieties to crop does not involve the
phytochemical profile of them.

Aims: To characterize the phytochemical and antioxidant profile of the S.
edule varieties grown in Costa Rica.

Methods: The in vitro radical scavenging activity of different S. edule
extracts were measured using DPPH and ORAC assays, as well as their
inhibition of lipid peroxidation in rat liver and their redox potential by
cyclic voltammetry. Flavonoids glycosides were isolated by HPLC and
their structures were determined by NMR.

Results: The S. edule varieties grown in Costa Rica showed a good radical
scavenging activity and inhibition of lipid peroxidation; there were
significant differences between varieties. In addition, the redox potential
determined by electrochemical methods suggested the presence of
flavonoids, which was confirmed by the isolation of apigenin 7-O-
rutinoside and luteolin 7-O-rutinoside.

Conclusions: The antioxidant potential of varieties of S. edule grown in
Costa Rica was confirmed, identifying the 845 variety as the best
antioxidant profile.
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Resumen

Contexto: El fruto de Sechium edule es cultivado y consumido por su valor
nutricional en distintos paises de América Latina, siendo Costa Rica uno
de los principales productores y exportadores. Su consumo como
antioxidante ha sido sugerido por su contenido de flavonoides, pero la
seleccion de las variedades para el cultivo no involucra el perfil
fitoquimico de las estas.

Objetivos: Caracterizar el perfil fitoquimico y antioxidante de las
variedades cultivadas de S. edule en Costa Rica.

Meétodos: Se midi6 la capacidad de eliminacion de radicales in vitro de
extractos de distintas variedades de S. edule a través de los métodos de
DPPH y ORAC, la inhibicién de la peroxidacién lipidica en higado de
rata y el potencial redox por voltametria ciclica de dichos extractos. Se
aislaron glicésidos de flavonoides por HPLC y su estructura se
determiné por RMN.

Resultados: Las variedades de S. edule cultivadas en Costa Rica mostraron
una buena capacidad de eliminacién de radicales e inhibicién de la
peroxidacién lipidica; mostrando diferencias significativas entre las
variedades. Ademads, los potenciales redox determinados por métodos
electroquimicos sugirieron la presencia de flavonoides, lo cual fue
confirmado con el aislamiento de apigenina 7-O-rutinésido y luteolina 7-
O-rutinésido.

Conclusiones: Se confirmé el potencial antioxidante de las variedades de
S. edule cultivadas en Costa Rica, identificando la variedad 845 como la
del mejor perfil antioxidante.

Palabras Clave: antioxidante; chayote; flavonoide; Sechium edule.
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INTRODUCTION

MATERIAL AND METHODS

Sechium edule (Jacq.) Swartz (Cucurbitaceae), also
known as chayote, is an herbaceous plant original-
ly native to Mesoamerica. This plant has been cul-
tivated in Mexico and Central America since pre-
Columbian times, where their fruits are very ap-
preciated in rural zones because of their nutrition-
al value. Nowadays, this crop is produced in many
tropical countries such as China, India and Mada-
gascar (Siciliano et al, 2004; Loizzo et al, 2016).

Costa Rica is one of the principals growing re-
gions and has become the leading exporter
worldwide; therefore, this country has a high de-
gree of genetic diversity for the crop (Newstrom,
1991; Abdelnour and Rocha, 2008; Loizzo et al,
2016).

The utilization of S. edule as functional food has
been suggested previously because of the content
of flavonoids and their antioxidant activity
(Ordofiez et al, 2006; Chao et al, 2014; Loizzo et al,
2016). Despite this potential, the choice of varieties
for farming excludes the metabolome of the selec-
tion criteria, this situation reduces the potential of
the crop as a functional food.

The chemical nature of the flavonoids into S.
edule fruit and their concentrations have an im-
portant impact on the antioxidant potential of the
fruit (Siciliano et al, 2004). Through multifactorial
antioxidant screening methods, the antioxidant
profile determination of the fruits helps to select
the better samples for harvest (Tulipani et al, 2008,
Riviello-Flores et al, 2018). Therefore, the phyto-
chemical analysis and antioxidant profile determi-
nation of the germplasm of Costa Rican S. edule
provide an important tool for improving the value
of the crop as a functional food.

The aim of the present work was to characterize
the phytochemical and antioxidant profile of the S.
edule varieties grown in Costa Rica.
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Reagents

2,2-diphenyl-1-picrylhydrazyl radical (DPPH),
2,2'-Azobis-(2-amidino-propane) dihydrochloride
(AAPH), (¥)-6-hydroxy-2,5,7,8-tetramethylchroma-
ne-2-carboxylic acid (Trolox), tert-butyl hydroper-
oxide (TBHP), and deuterated methanol (CDsOD)
were obtained from Sigma-Aldrich® Chemicals
(USA). Fluorescein sodium salt and thiobarbituric
acid were obtained from Merck® (Germany).

Animals

Inhibition of lipid peroxidation assay was per-
formed with Sprague Dawley rats (both sexes, 180-
220 g) obtained from the Biological Assays Labora-
tory (LEBI) Bioterium, University of Costa Rica.
The animals were maintained under standard
conditions of temperature and humidity,
light/dark cycles of 12 h and food and water ad
libitum. The use of animals in this study was ap-
proved by the Institutional Committee for the Care
and Use of Animals (CICUA), University of Costa
Rica (CICUA-14-10, July 10th, 2010).

Plant material

Plant material was obtained from a germplasm
collection at Santa Lucia Experimental Farm locat-
ed in Barva, Heredia, Costa Rica (10°01'19” N
84°06'43” W). Three different types of S. edule
(identified as S. edule 845, S. edule 846 and S. edule
853) (Fig. 1) were selected from 42 different varie-
ties according to their high content of phenolic and
steroid compounds previously determined by
School of Chemistry, National University of Costa
Rica (Rojas, 2014). The samples correspond to a 1:1
mixture of mature and unripe lyophilized fruit.

S. edule extracts preparation

For DPPH, lipid peroxidation and cyclic volt-
ammetry assays, 10 g of the samples of S.edule
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Figure 1. Sechium edule unripe fruit selected from 42 different Costa Rican varieties according to their high content of
phenolic and steroid compounds. A) S. edule 845, B) S. edule 846 y C) S. edule 853.

were macerated for 24 h using as solvent 100
mL methanol: acetone: acidified water (M:A:A) at
7:7:6 proportion. Then, samples were filtered by
cellulose acetate membrane disc filters 0.2 pm
(Corning®, USA), concentrated using a rotatory
evaporation (Btichi® Rotavapor®, Germany), and
lyophilized (Labconco® 4.5, USA).

For the ORAC test, 10 g of the samples of S.
edule were extracted in an ultrasonic bath (Branson
2510, USA) for 5 minutes using 100 mL of the same
solvent before. Then, samples were centrifuged at
805 g for 5 min, and the supernatant was lyophi-
lized (Labconco® 4.5, USA). The extraction process
was carried out in triplicate.

Antioxidant activity

DPPH free radical scavenging activity

The lyophilized fruit extract was dissolved in
methanol to prepare stock solutions of 85 + 3
mg/mL. The radical-scavenging activity was per-
formed according to the method described previ-
ously (Brand-Williams et al, 1995; Dudonné et al,
2009). Briefly, 25 pL of fruit extract at different
concentrations were incubated with 100 pL of
DPPH 500 pM dissolved in methanol, at room
temperature in the dark for 30 min. Then, the ab-
sorbance was measured at 520 nm against sample
blanks for each concentration using a spectrofluo-
rometer (BioTek® Synergy HT®, USA). A positive
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control prepared with DPPH was used to calculate
the percentage of radical scavenging activity (RSA)
as:

Acontrnl - ASample

%RSA = X 100

Amntrol

The percentage of RSA was plotted against the
sample concentration to calculate the ICso, which is
the concentration of extract required to reach the
50% of inhibition of DPPH free radical formation
(Londortio, 2012). This assay was performed in trip-
licates.

Oxygen Radicals Absorbance Capacity (ORAC) assay

The lyophilized fruit extract was dissolved in
phosphate buffer (PBS, potassium phosphate diba-
sic 15 mM, monobasic potassium phosphate 23
mM, pH 7.4) to prepare a stock solution of 1
mg/mL. The ORAC assay was performed accord-
ing to the method described formerly (Wayner,
1985; Dudonné et al, 2009). Briefly, different con-
centrations of fruit extract were incubated with
fluorescein 81.6 nM dissolved in PBS, at 37°C in
dark 96-well plates for 10 min. Then, AAHP 153
mM dissolved in PBS was added to the mixture to
induce oxidation. Fluorescence was measured eve-
ry 1 min for 35 min, using 491 nm as wavelength
excitation and 515 nm as wavelength emission,
measures were carried using a spectrofluorometer
(BioTek® Synergy HT®, USA). Results were ex-
pressed as uM of Trolox equivalents, according to
Trolox calibration curve (6.25, 12.5, 25, and 50 pM)
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with the interpolation of the area under the fluo-
rescence decay curve (AUC) versus Trolox concen-
tration. The AUC was calculated as:

i=35

AUC =1+ Z flf
i=1

Where fo is the initial fluorescence reading at 0
min and fi is the fluorescence reading at time i.
The experiment was performed in triplicate for
each of the S. edule fruit extracts (Wayner et al.,
1985; Huang D et al., 2002).

Inhibition of lipid peroxidation in liver homogenates

Five rats were anaesthetized with a mixture of
CO: and air in a chamber for 1-2 min until lose
consciousness, then sacrificed by decapitation. The
liver tissue of each rat was obtained and homoge-
nized in cold solution of PBS using a tissue ho-
mogenizer IKA® X Ultraturrax® T25 (Germany)
equipment. Homogenates were centrifuged at 13
132 g for 15 min. Then, S. edule fruit extract at dif-
ferent concentrations was incubated with 0.75 mL
of each liver supernatant, for 30 min at 37°C. Lipid
peroxidation was then induced with tert-butyl hy-
droperoxide (TBHP) at a final concentration of 1.7
mM, for 1 h at 37°C. The concentration of malonyl
dialdehyde (MDA) was measured as the end
product of lipid peroxidation by the method de-
scribed by (Heath and Packer, 1968). Briefly, 0.25
mL of liver homogenate pre-incubated with the
extract, 0.25 mL of trichloroacetic acid (TCA) 35%,
0.25 mL of Tris buffer (50 mM, pH 7.4), and 0.5 mL
of thiobarbituric acid 0.75% were mixed and heat-
ed at 100°C for 45 min. After cooling, 0.5 mL of
TCA 70% was added to each sample and then cen-
trifuged at 1575 g for 15 min. The absorbance of
the supernatant was measured at 532 nm against a
sample blank using a spectrofluorometer (BioTek®
Synergy HT®, USA). The concentration of MDA
was calculated as described previously (Heath and
Packer, 1968; Ferreira et al., 2009; Dinakaran et al.,
2011; Tang et al, 2012) and results were expressed
as nmol of MDA per gram of liver tissue (nmol
MDA /g tissue). Commercial Trolox was used as
positive control. Basal levels of lipid peroxidation
were established and correspond to liver homoge-
nates without TBHP treatment. The experiment
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was performed in triplicate for each of the S. edule
fruit extracts.

Cyclic voltammetry

Different concentrations of S. edule extracts dis-
solved in methanol were mixed with 0.1 M phos-
phate buffer (pH 7.2) in a ratio of 6:4 (v/v) accord-
ing to the method described previously (Zhang et
al, 2011). A potentiostat BAS 100B (Bioanalytical
Systems®, USA) with a conventional three-
electrode system: Ag/AgCl reference electrode,
platinum auxiliary electrode, and glassy carbon
working electrode, was used for all electrochemi-
cal measurements. Prior to each cycle, working
electrode was polished with alumina paste 0.05
um, rinsed with Milli-Q water and sonicated for 15
min. Also, in order to eliminate the oxygen, sam-
ple solutions were sonicated for 15 min prior to
each cycle. Then, sample solutions were trans-
ferred into an electrochemical cell. Buffer phos-
phates was used as supporting electrolyte media,
which allowed the redox reaction. The cyclic volt-
ammograms were recorded from -1400 mV to
+1400 mV at the scanning rate of 25 mV/s. All
measurements were carried out at room tempera-
ture against a blank consisting of methanol and
PBS. Quercetin 150 uM dissolved in methanol was
used as a standard solution (Cosio et al, 2006; Ziel-
inska et al, 2007; Zhang et al, 2011).

Flavonoid isolation

A mixture of the three varieties of S. edule was
extracted several times using a mixture of metha-
nol:dichloromethane (1:1) (extraction yield 46.5%).
During the extraction, the sample was sonicated
for 15 min at 30°C and filtered. After that, the sol-
vent was concentrated using a rotatory evapora-
tion (Btichi® Rotavapor®, Germany). In brief, 100
g of solid phase resin (Waters® Preparative C18
125A, 55-105 pm, USA) was added to a glass col-
umn (Kontes, 2.5 cm internal diameter x 30 cm)
and conditioned by passing 100 mL of methanol
through the column bed followed by 500 mL water
(1.0 mL/L trifluoroacetic acid, TFA). Sample was
introduced in the column using methanol:water
1:9, and a mixture in different proportions of the
same solvent was used as eluent. Fractions were
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collected according to the result of a Folin-
Ciocalteu test of the fractions. Once fractions rich
in reducing compounds were put together, the
solvent was removed using a rotatory evaporation
(Buichi® Rotavapor®, Germany). Flavonoids from
concentrated fractions were obtained using pre-
parative HPLC with C18 column, a gradient of ac-
etonitrile (30-100%, 25 min) as mobile phase, and
DAD detector (tr1: 11.4 min, tr2: 9.8 min).

Pure compounds were analysed by 1D (1H, 13C)
and 2D (H-H COSY, HSQC, HMBC) NMR exper-
iments at Varian® Mercury® 400 MHz (USA).
Chemical shift was expressed in 6 (ppm) referring
to the solvent peaks 0un 4.87 and &c 49.0 for
CDsOD. Spectra were analysed using MestReNova
software (Mestrelab®, Spain).

The radical-scavenging activity of isolated fla-
vonoids was determined by ORAC test as de-
scribed above, with the following modification:
AAPH reagent at 75 mM, time of incubation 20
min, 485 nm as wavelength excitation and 528 nm
as wavelength emission.

Statistical analysis

Results were expressed as the mean + standard
error of the mean (SEM). Statistical significance
was determined by one-way analysis of variance
(ANOVA) with Tukey as post hoc test using the
IBM SPSS Statistics 22.0 (USA). A value of p<0.05
was considered statistically significant. All tests to
determine the antioxidant activity were performed
in triplicate.

RESULTS AND DISCUSSION

Antioxidant profile of Sechium edule varieties

The DPPH assay assesses the capacity of a sub-
stance to work through a reaction involving free
radicals. Previously, S. edule reports an 1Cso value
of 2-32 pg/mL for ethanolic extract of aerial parts
(Ordonez et al, 2006). Our results (Table 1) showed
considerably less radical scavenging activity; nev-
ertheless, it is difficult to compare results from dif-
ferent laboratories because of extract nature and
reaction conditions variance (Sharma and Bhat,
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2009). The ORAC assay is a widely used method
for antioxidant potential in food. This assay uses
peroxyl radicals that are closer to reactive oxygen
species (ROS), which oxidized lipids in food. Pre-
vious data display values from 49 to 120 umol
TE/g DS (Chao et al, 2014), which are in the same
order of our data (Table 1). While 845 variety
shows the better activity in DPPH assay, the 846
variety presents higher ORAC values. In both rad-
ical scavenging in vitro tests, significant differences
(p<0.05) were obtained between S. edule varieties.

Table 1. Antioxidant activity of three varieties of Sechium edule
fruit extracts by 2,2-diphenyl-1-picrylhydrazyl (DPPH) free
radical-scavenging and Oxygen Radical Absorbance Capacity
(ORAC) assays.

Variety DPPH ORAC

ICso (mg/mL) (umol TE/g DS)
845 51.6 +0.1° 31.1+2.6P
846 68.0 £2.0° 39.6+0.9
853 80.1+0.8° 255+1.8°
Apigenin 7-O- - 69+0.2
rutinoside (1)
Luteolin 7-O- - 6.9+07

rutinoside (2)

Results are present as the mean of the concentration necessary
to reach the 50% radical-scavenging activity (ICso) and
micromoles of Trolox equivalents per gram of dried sample
(umol TE/ g DS) + standard error of three replicate experiments
(n=3). *Significant difference between varieties (p<0.05).
bSignificant difference compared to 846 variety (p<0.05).

The inhibition of lipid peroxidation assay is an
in vitro test that measures the degree of suppres-
sion of the lipid peroxidation in rat liver tissue
homogenate through the detection of MDA gener-
ated during the oxidative destruction of lipid
(Tang et al, 2012). In general, S. edule demonstrated
the capacity of prevent the oxidative damage of
the lipids in the liver tissue (Fig. 2), whilst the in-
hibition of lipid peroxidation was higher for varie-
ties 845 and 853 at 400 mg/mL. These results are
important because of the approximation to an oxi-
dative damage in a biological context. In spite of
showing high antioxidant activity at in vitro tests,
846 variety did not show good inhibition of lipid
peroxidation. The non-correlation between chemi-
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Figure 2. Inhibitory capacity of three genotypes of Sechium edule fruit extracts against lipid peroxidation induced by fert-butyl

hydroperoxide in liver homogenates.

Negative controls correspond to liver homogenates expose to fert-butyl hydroperoxide without S. edule treatment. Positive controls
correspond to liver homogenates exposed to tert-butyl hydroperoxide and treated with Trolox. Basal values correspond to liver homogenates
without tert-butyl hydroperoxide treatment. Results were expressed as nmol of MDA per gram of liver tissue (nmol MDA/ g tissue). Each

value is the mean + SE (n = 3). *p < 0.05 compared to negative control

cal-based and cell-based assays has been dis-
cussed in many preceding works (Prior and Cao,
1999; Lopez-Alarcon and Denicola, 2013), and it
was related with different factors that make neces-
sary to apply diverse analytical methods to evalu-
ate antioxidant activity.

Cyclic voltammetry (CV) is a widely used elec-
trochemical technique that has been suggested as
an antioxidant assay. This technique allows meas-
ure the reducing potential of a sample as a func-
tion of two parameters: anodic peak current (l.)
and the peak oxidation potential (Ep.). These pa-
rameters analyse the antioxidant capacity of sub-
stances, where Ep. is related to redox properties of
the antioxidant and I, with the amount of charge
transferred (Zhang et al, 2011; Prior and Cao,
1999). Previous reports related the antioxidant ac-
tivity of S. edule with its flavonoid composition
(Ordonez et al, 2006; Chao et al, 2014; Loizzo et al,
2016); hence, the electrochemical behaviour of the
extract gives an approximation to the kind of pol-
yphenol present in the sample.

Fig. 3 presents the cyclic voltammogram of
three genotypes of S. edule fruit extracts and quer-
cetin as a reference. The quercetin shows three
outstanding waves at 0.0, +0.5 and +1.0, which
correspond to the three hydroxyl groups present at
quercetin structure. On the other hand, S. edule ex-
tracts present only two outstanding waves at +0.5

http://jppres.com/jppres

and +1.0, suggesting activity by two hydroxyl
groups, with a similar trend to apigenin. The Ep.
indicate electron-donating capacity, which is de-
termined by the reactivity of the hydroxyl groups.
It was considered that flavonoids with lower peak
potentials would have higher radical-scavenging
activity (Zhang et al, 2011). All the samples exhib-
ited similar oxidation potential.

+20

— Quercetin F
— S.edule 845
~— S.edule 846 7

— S.edule 853 I

+14+

+
@
L

+2-

Current (LA)

o

T
-1.0

Potential (V)

Figure 3. Cyclic voltammogram of three genotypes of
Sechium edule fruit extracts dissolved in methanol at con-
centrations between 82-88 mg/mL.

The samples were measured with 0.1 M phosphate buffer (pH
7.2) inratio 6: 4 v/v and registered through a potential range
from -1400 mV to +1400 mV at a scan rate of 25 mV/s. Quercetin
dissolved in methanol was used as a control. Blank consisted of
methanol and 0.1 M phosphate buffer (pH 7.2).

Furthermore, the I, produced is proportional to
the combined concentration of antioxidant com-
pounds (Zhang et al, 2011). Although 845 and 846
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varieties displayed similar shape, 853 variety pre-
sented small peaks that suggest a lower concentra-
tion of flavonoids in the sample. This result is con-
gruent with in vitro antioxidant activity, where 845
and 846 varieties showed more activity than 853
variety.

Summary, 845 and 846 varieties displayed
higher antioxidant activity at radical-scavenging
and electrochemical assays, while 845 variety
showed higher activity at lipid peroxidation assay.
Thus, there were differences between antioxidant
activities of the S. edule varieties, where the 845
variety had the better antioxidant profile.

Isolation and structure determination

In order to confirm the phytochemical profile of
polyphenols into S. edule, flavonoids were isolated
by HPLC. Two compounds (Fig. 4) were elucidat-
ed as apigenin 7-O-rutinoside (1) and luteolin 7-O-
rutinoside (2) according to 'H and *C NMR (400
MHz) data (Table 2). The spectral characterization
of the compounds is congruent with reported data
for flavonoid glycosides (Wang et al, 2003; Sicili-
ano et al, 2004).

Both compounds were identified in S. edule
formerly (Siciliano et al, 2004) and their isolation in
the sample confirmed the results of the cyclic volt-
ammetry, which suggest this kind of aglycones as
discussed above. Future research should deter-
mine the concentration of these flavonoids in the
samples in order to correlate them with their anti-
oxidant profile.

Radical-scavenging activity of the flavonoids

The isolated compound’s antioxidant character-
ization was carried out using ORAC method,
showing values of 6.9 + 0.2 and 6.9 + 0.7 pmol
TE/umol of apigenin 7-O-rutinoside and luteolin
7-O-rutinoside, respectively (Table 1). It was ex-
pected that the value of the antioxidant capacity
obtained from the pure compounds was higher
than those found in the crude extract as a conse-
quence of the eliminations of other compounds
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present in the extract with no antioxidant capacity
or a low one (Dan et al, 2015). The results of the
radical-scavenging activity of the flavonoids gly-
cosides were congruent with the projected values
according to previous reports for their aglycones
(Zhang et al, 2013).

OCH O

Figure 4. Structure of compounds (1) apigenin 7-O-rutinoside
and (2) luteolin 7-O-rutinoside found in S. edule fruit varieties
grown in Costa Rica.

CONCLUSIONS

The fruit of Sechium edule could be considered
as a functional food because of its antioxidant ac-
tivity, which is related with the phenolic com-
pounds into the vegetable; however, the selection
of varieties for farming considers agronomic and
morphologic characteristics, not the metabolome
of the variety. The phytochemical selection ap-
proach helps to promote the health value of the
food. In this study, in addition to confirming the
potential of Sechium edule in health, differences in
the antioxidant profile of the three varieties grown
in Costa Rica were demonstrated. The 845 variety
displayed the best antioxidant profile by in vitro
tests. Moreover, apigenin 7-O-rutinoside and lute-
olin 7-O-rutinoside were identified in the samples
and their antioxidant activity was confirmed.

This work could be the basis to promote the
consumption of Sechium edule as healthy food and
to make aware the selection of the right variety for
this purpose.
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Table 2. 'H and 13C NMR (400 MHz) data of compounds 1 and 2 (CD;0D, & [ppm], ] [Hz]).

Compound 1 Compound 2
Position
&¢ Ou 6c On

Aglycon

2 166.9 - 166.9 -

3 104.2 6.68 s 104.3 6.61s

4 184.1 - 184.0 -

5 163.0 - 163.0 -

6 101.1 6.55d (1.8) 101.1 6.54d (2)

7 158.9 - 158.9 -

8 96.3 6.80d (1.8) 9.1 6.75d (2)

9 164.7 - 164.7 -

10 107.1 - 107.1 -

1 123.1 - 123.5 -

2' 117.1 6.98 d (8.6) 116.9 6.94d (9.2)

3 129.6 7.91d (8.6) 147.0 -

4 162.9 - 151.2 -

5' 129.6 7.91d (8.6) 114.3 742 ddd (24,24, 6.4)

6' 1171 6.98 d (8.6) 120.6 742 ddd (2.4,24, 6.4)

Sugars

Glucose

1" 101.5 5.07 d (6.8) 101.6 5.05d (7.2)

2" 77.8 3.52d (4.8) 77.8 3.52dd (1.2, 8)

3" 74.7 3.51d (3.2) 74.7 3.51d (3.2)

4" 77.1 3.68 m 77.2 3.68 m

5" 71.3 3.44 dd (8.8, 8.8) 71.3 3.43 dd (10, 10)
4.07d (9.8) 4.08d (9.2)

6" 674 67.5
3.68 d (9.8) 3.68d (9.2)

Rhamnose

1" 102.1 474d (1.8) 102.1 474d (1.2)

2" 72.1 3.92dd (1.8,3.4) 721 3.93 dd (1.6, 3.6)

3" 724 3.73dd (3.4, 9.6) 724 3.75d (2)

4" 74.1 3.36 m 74.1 3.37m

5" 69.8 3.67m 69.8 3.67 m

6" 17.9 1.20d (8) 17.9 1.21d (6.4)
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