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Abstract 
 
The current research aimed to present the evaluation of the underground parts of two widespread plants in Bulgaria - 
prickly lettuce (Lactuca serriola L.) and annual sow thistle (Sonchus oleraceus L.) as a source of inulin-type fructans. 
The sequential ethanol and water extractions from their dry taproots were carried out. The amount of extracted 
fructans was defined by the resorcinol assay. The fructooligosacharides and inulin contents of the obtained extracts 
were analyzed by TLC and HPLC-RID methods. The total fructan content in the weed plant Sonchus oleraceus L. 
(19.6% dw) is higher than the fructan level in the roots of Lactuca serriola L (9.56% dw). In the ethanol extracts were 
observed the presence of monosaccharide glucose and fructose, high level of sucrose and trisaccharides 1-kestose. In 
the result of the carried analysis, we can conclude that the roots are rich source of fructans as the fructoligosacharides 
fraction dominates in ethanolic extracts. These plants could not only be consider as weeds, but it have to pay attention 
to their future possibility to be used as a potential source of fructooligosacharides with prebiotic effect in nutrition 
formula for animals and human.  

Key words: fructoligosacharide, inulin, Lactuca serriola, Sonchus oleraceus. 
 

INTRODUCTION  
 
Inulin is a polydisperse plant polysaccharide, 
member of fructan family, consisting mainly of 

-(2 1) fructofuranosyl units (Fm), and a ter-
minal -glycopyranose unit (1 2) (GFn) (Van 
Laere et al., 2002). The degree of polyme-
rization (DP) of inulin varies from 2 to 70 (De 
Leenheer et al., 1994). Molecules with DP<10 
are called oligofructoses or fructooligosac-
charides (FOSs) (Figure 1) and they are a 
subgroup of inulin (Niness, 1999).  
Inulin and FOSs are classified as soluble 
dietary fiber. They act as prebiotics, because 
stimulate growth of Bifidobacteria. Inulin is 
only hydrolyzed in small amounts in the 
stomach. In large intestine it is fermented by 
intestinal microflora into short-chain fatty acid 
(SCFA), lactic acid and gases (Gibson, 1995, 
Knudsen, 1995). Inulin-type prebiotics reduce 
blood levels of triglycerides (Roberfroid, 
2005); prevent cardiovascular disease and os-

teoporosis (Delzenne, 2002). Inulin is helpful 
in the management of diabetes and blood sugar-
related illness (Rumessen, 1998). In recent 
issues, inulin is presented as immunomodulator 
and anticancer agent (Barclay et al., 2010).  
Depending on the conditions of extraction and 
the type of used raw material, a short-chain 
bioactive molecules (FOSs) or long-chain ones 
(inulin) could be achieved. Both they have 
different bioactivity as no digestible oligosa-
ccharides of long chain length are typically less 
biodegradable than compounds of shorter chain 
length. Van Loo (2007) proposed that a com-
bination of short-chain and long-chain fructans 
is physiologically more active that the indi-
vidual fractions.  
Inulin serves as a reserve carbohydrate in un-
derground part of the Compositae (Asteraceae) 
plants such as Cichorium intybus, Inula hele-
nium and Helianthus tuberosus (Van Laere et 
al., 2002). Prickly lettuce (Lactuca serriola) 

125

Scientific Papers. Series D. Animal Science. Vol. LVI
ISSN 2285-5750; ISSN CD-ROM 2285-5769; ISSN-L 2285-5750



an
als
 

HO
H

HOH

HO

F

Pr
an
co
roa
La
ve
int
co
for
20
alt
ca
So
fie
lan
So
in 
ole
Ita
ag
als
an
Gu
ve
de
ict
tis
(D

nd a
so b

HO

H2C

H

OH2C

Figu

rick
nnua
omm
ads
actu
eget
tere

omp
r t

004
tho

an b
onch
elds
nds
onch

na
era
alia
gent
so t

nd f
uer
eget
ecoc
tero
sm, 
Dao

ann
bel

OH

HO

O

HO

O

KESTO

ure 1

kly 
al o
mon
side
uca
tab
est 
pou
the 
). 
ugh

be e
hus
s an
s, c
hus

atur
aceu
an 
ts, 
the
fatty
rrer
tab
ctio
ohe

d
 et

nua
ong

O

O

OH
O

OH
O

OSE(GF

1. C

le
or 
nly
es 
a ar
le. 

o
und 

be
Th
h it
eate
s o
nd 
city
s w
ral 
us L
reg
du

e hi
y a

ro, 
les 
on 
epat
iarr
t al

al s
g to

O

H

CH2

CH2

H

O

F2)

Chem

ettu
bie

y c
an
re 

S
n 
w

ene
he 
t ha
en r
ler
dis

y l
wild

me
L. a
gion
e to
gh 

acid
19
a

and
titis
rho
l., 2

sow
o th

H

2OH

mica

ce 
enn
ons
d 
me
cie
sea
ith 

efit 
pla
as a
raw
race
stur
ots

d fo
edic
and
ns, 
o t
co

ds o
998
are 
d a
s, c

oea 
201

w th
his p

HO

HO

HO

HO

al st

(L
ial 
side
fiel
edi
enti
arc
ef
hu

ant 
a b

w or
eus
rbe
s a
ood
cine
d So

ar
thei
onte
of ty
8). 

us
are 
can

an
11)

hist
pla

O
HO

OH2C

OH2C

OH2C

truc

Lac
pla

ere
ld 
cal 
sts 

chin
ffec
um

ca
bitte
r co
s L
d s
nd 

d p
e a
onc
re 
ir s
ent 
ype

In
sed 

ad
ncer
nd 
. T

tle 
ant 

O

HO

HO

HO

NYSTO

ture

ctuc
ant

ed 
cro
h
fo

ng 
ctiv

man`
an 
er t
ook
. is
site

al
lan

and 
chu
cho

sesq
of 

e 
n C

m
dmi
r, i
sn

The

So
fam

O

OH

OH
O

O
O

O
O

OSE (G

e of 

ca 
, sl
as 
ops
erb

focu
fo

vene
`s 
be

tast
ked 
s gr
s, d
lley
nts 

he
us sp
ola
quit
vit
-3 
Ch

mos
inis
infl

nake
e un

onc
mily

O

O

OH

CH2

H

CH

H

O

CH

OH

O

GF3)

f fru

ser
ligh

a w
s. M
bs, 
use
or 
ess 
hea

e e
te. T
(K

row
ditc
ys 
mi

ealth
p.p
gog
terp
tam
(Al
ina
stly
ster
lam
e v
nde

hus
y.  

H

2

2

H2OH

uctoo

rrio
htly
we
Ma
as 

d 
som
an

alth
ate
The

Kleo
win
ch b
(Re
ght
hy 

pl. e
gue
pen

min 
liot

a, 
y in
red 

mma
ven
ergr

s o

HO
HO

HOH2

HOH2

HOH2

HOH2

F

olig

ola
y fo
eed 
any 

w
the
me

nd l
h (
en 
e y
onik
g i
ban
eau
t be
foo

eate
e a
ne l
C, 

tta, 
Son
n 
to

atio
nom
rou

oler

O

C

HO

C

HO

2C

HO

2C

HO

FRUCT
NY

gosa

 L
oeti
of 
sp

well 
eir 
 p
low
(Re
as 

youn
kos
in c
nks
ume
e a
od.
en i
and 
lact
ca
19

nch
inf

o tr
on, 

m p
und

rac

OH

O

O

O

O

O

O

O

O

TOSEF
YSTOS

acch

L.) 
id, 
orc
pec

as
re

prom
w to
en 

a
ng 
s, 2
cult
, b
e, 
app
 So
in s

la
ton

arot
981
hus
fusi
reat

rh
poi

d ro

eus

O

OH

C

OH

C

OH

O

OH

OH

FURAN
SE (GF

harid

is 
tha

cha
cies
s w

esea
mis
oxi
et 
sa
lea

2006
tiva
otto
20
lica
onc
sev
axa
nes 
teno
, G

s w
ion 
t ac
heum
son

oots

s L

O

H

CH2

CH2

O

CH2

O

CH2O

O

NOSYL
F4)

des

an
at i
ards
s in
wild
arch
sing
city
al.

alad
ave
6)
ated
om
10)
abl
chu
vera
ativ

bu
oid

Guil
wild

o
cut
ma
ning
s o

L. 

H

H

L

 

n 
is 
s, 
n 
d 
h 
g 
y 
., 

d, 
es 

d 
m-

). 
e 

us 
al 
e 

ut 
ds 
l-
d 

or 
e 

a-
g 

of 

s
i
(

T
s
t
B
b
A
e
o
L
e
S
e
p
I
t
t
o
o
T
w
p

sow
inu
(Le

Fig

The
sto
trit
Bou
be 
Ac
effe
ole
L.
equ
Son
effe
pro
In t
the
the
ole
ord
Thi
we
pre

w t
ulin
emn

gure
an

e v
ck 
iou
ulo
use
cor

fect 
erac

lac
uiva
nch
fect
obio
this

e fru
e ro
erac
der 
is i
eds

ebio

this
n is 
na e

e 2.
nd a

vari
fee

us f
os (
ed a
rdin

of
ceu
ctis
alen

hus 
. It
otic
s co
uct
oots
ceu
to 
inv
s ca
otic

stle
the
et a

Pho
annu

iety
ed 
for 
(19
as a
ng 
f t

us a
s a
nt t
ole

t wa
cs in
ont
ool
s o

us L
stu

vest
an b
cs.

e st
e m
al., 

otos
ual 

y S.
and
rab
73)
a co
to 

the
and 
and 
to i
era
as t
ncl
text
ligo

of L
L. fr
udy
tiga
be 

tor
majo

19

s of
sow

. ar
d i
bbit
) st
offe
Jan
Ta
As
L.

inul
aceu
the
lud
t, th
osa
Lac
from
y th
atio
pot

e r
or s
90)

pric
w th

rve
s c
ts (
tate
ee s
na 
ara
spa
. r
lin
us

e on
ing
he p
cch

ctuc
m P
eir 

on a
ten

rese
tor
). 

ckly
histle

ensi
con
(Sz
ed t
sub
et 

axac
arag
reut

- a
exh

nly 
g B.
pap
hari
ca 
Plov

inu
aim

ntial

erv
rage

y let
e (S

is c
nsid
zcza
that
bstit

al
cum
gus
teri
a co
hib
pla
 lo

per 
ide
ser

vdiv
ulin

med
l an

ve 
e ca

ttuc
Sonc

can
dere
a-w
t S
tute
. (2
m 
s sp
i w
omm
bited
ant

ongu
pr

es a
rrio
v re
n-ty
d to
nd 

car
arb

ce (L
chus

n be
ed t
wen
. ar
e w
201
offi

pren
was 
mer
d th
to 

um
ese

and 
ola 
egi
ype
o p
uns

 

rbo
ohy

Lact
s ole

e u
to 

nski
rve

whe
10) 
ficin
nge

hi
rcia
he 
sti

.  
ent 
inu
L.

on 
e fr
res
stud

hyd
ydr

tuca
erac

used
be 
i et
ensi
en is

th
nale
eri 
igh
al p
be

imu

an 
ulin
 an
of 

ruct
sent
die

dra
rate

a se
ceus

d a
hig

t al
is r
s ro

he p
e, 
ext

her 
preb
st p
ulat

an
n co
nd 
Bu

tan 
t th
d s

ates
e in

rrio
s L.

s a
ghl
., 1

root
oas
pre
So
trac
th

biot
pre
te a

naly
ont
So

ulga
co

hat 
sour

, a
n th

ola L
.) 

a liv
ly n
197
ts c
ted

ebio
nch
cts 
an 
tic,

ebio
all t

ysis
tent
nch
aria
onte

the
rce

and
em

L.) 

ve-
nu-

78).
can
d.  
otic
hus
on
or

, as
otic
the

s of
t in
hus
a in
ent.
ese

e of

d 
m 

-
-
. 
n 

c 
s 
n 
r 
s 
c 
e 

f 
n 
s 
n 
. 
e 
f 

126



MATERIALS AND METHODS 
 
The roots of Lactuca serriola L. and Sonchus 
oleraceus L. were collected from Thracian 
valley near to Plovdiv (Bulgaria) during the 
months September and November in 2012 year. 
The underground parts were dried and ground 
into a fine powder. 
All used reagents and solvents were of 
analytical grade scale. Carbohydrate glucose, 
fructose, sucrose, together with high purity 1-
kestose and nystose, used as standards for the 
identification of low molecular weight oligo-
mers have been purchased from Sigma-Aldrich 
(Steinheim, Germany). Fructooligosacchrides 
Frutafit®CLR, HD and inulin Frutafit®TEX 
were supplied by Sensus (Ro sendaal, the 
Netherlands). Frutafit®CLR contains high level 
of oligofructoses with the average chain length 
of 7-9 monomers. Frutafit®HD - with the 
average chain length of 8-13 monomers. 
Frutafit®TEX was characterized with mean 
degree of polymerization DP 22. Inulin 
Raftiline®HP (DP~25) was purchased from 
Orafti (Belgium).  
Moisture content of the dried ground roots were 
determined according to AOAC 945.32. 
Dried roots of weed plants were extracted in a 
Soxhlet apparatus successively with hexane, 
CHCl3, and ethyl acetate to remove phenolic 
and lipophilic compounds (Olennikov et al., 
2009). Then the residue of roots was dried and 
the extraction process was carried as follows: 
0.45 g dry sample (roots) was put into a round 
bottom flask and was extracted three times with 
95% (v/v) boiling ethanol. For the first and the 
second extraction, 40 ml 95% (v/v) ethanol 
were used and 20 ml for the third one. The 
duration of each extraction procedure was 60 
minutes. The extracts were collected in 100 ml 
volumetric flask. The low-molecular carbo-
hydrate fraction composed of fructose and 
FOSs was obtained in the ethanol extracts. For 
extraction of high-molecular fraction (inulin), 
the residue in the flask after ethanol extraction 
was extracted by three following extractions 
(40, 40, 20 ml) with boiling water as it was 
described above. The content of mono-, di-, 
oligosaccharides and inulin in the obtained 
extracts was analyzed by TLC in order to 
observe the extraction rate of fructans.  

Thin-layer chromatography (TLC) of the 
obtained ethanol and water extracts from roots 
of prickly lettuce and annual sow thistle were 
performed on silica gel 60 F254 plates (Merck, 
Germany) with n-BuOH:i-Pro:H2O:CH3COOH 
(7:5:4:2) (v/v/v/v) used as a mobile phase. The 
spots were detected by dipping the plates into 
the solution with detecting reagent diphe-
nylamine-aniline-H3PO4–acetone (1:1:5:50) 
(Lingyun et al., 2007) and heating at 120 °C for 
5 min. As carbohydrate standards were used 
glucose, fructose, sucrose, 1-kestose, nystose, 
fructooligosaccharides (Frutafit CLR and HD) 
and inulin (Frutafit TEX and Raftiline HP) all 
of them in concentration 2 mg/ml. Thin-layer 
chromatograms were generated by densito-
metry measurement of obtained spots with 
QuantiScan Version 3.0 software(Biosoft). 
The fructan contents in ethanol and water 
extracts were analysed spectrophotometrically 
at wavelength 480 nm by resorcinol-thiourea 
reagent (Pencheva et al., 2012). The experi-
ments were carried out on a Camspec M107 
Vis spectrophotometer (UK). 
The sugars and FOSs content in ethanol 
extracts was analyzed by HPLC. Chromato-
graphic separations were performed on HPLC 
Shimadzu, coupled with LC-20AD pump, 
refractive index detector Shimadzu RID-10A, a 
column Supelcosil LC-NH2 (Supelco®, Sigma-
Aldrich, Bellefonte, PA, USA) with pore size 5 

m and degasser Waters In-Line –IF (Milfrd, 
MA, USA ). The separations were performed 
on an analytical aminopropyl silica column 
SUPELCOSIL LC-NH2 (250 x 4.6 mm i.d.) 
equipped with a guard column (2.5 x 4.6 mm 
i.d.) of the same filling. The mobile phase used 
for separation of glucose, fructose, sucrose and 
FOSs was acetonitrile/water (83/17 v/v). The 
column was placed into a temperature-
controlled unit LCO 102 (ECOM spol. s.r.o., 
Czech Republic) maintained at 40 °C. All 
samples were filtered through a 0.45 m filter. 
Injection volume of the sample was 20 L and 
the flow rate of the eluent was 1.5 ml.min-1 

with an isocratic mobile phase. Detection and 
identification of sugars and fructooligosaccha-
rides were performed using RID detector that 
operated at 40 °C. The control of the system, 
data acquisition, and data analysis were under 
the control of the software program LC solution 
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version 1.24 SP1 (Shimadzu Corporation, 
Kyoto, Japan). 
 
RESULTS AND DISCUSSIONS 
 
The moisture content in the taproots of plants 
prickly lettuce was 8.46% and 10.41 % in the 
roots of annual sow thistle, respectively. 
The results from determination of fructan con-
tent in the extracts from the underground parts 
of prickly lettuce and annual sow thistle were 
obtained by our developed ketose-specific 
spectrophotometric method with resorcinol 
reagent (Pencheva et al., 2012). On the base of 
our previous investigations of the extracts from 
dandelion, elecampane and topinambour, our 
observation during analysis have been shown 
high levels of low moleculecular fraction in 

ethanol extracts. Therefore, after ethanol pre-
treatment of the samples in water extracts have 
been remained FOSs with longer chain length 
and inulin. The ethanol and water extracts 
obtained from Sonchus oleraceus L. (8.26 
±0.22 g/100 g dw and 11.30±0.09 g/100 g dw) 
contained big quantity of low molecular 
fraction than the same extracts obtained from 
Lactuca serriola L. The ratio between fructans 
in the ethanol and water extracts from roots of 
prickly lettuce is almost equal. Therefore, the 
low and high molecular fractions have been ex-
tracted at the same extent. In the result of our 
study we can conclude that from both plants 
Sonchus oleraceus is richer source of FOSs and 
inulin than prickly lettuce (Table 1 and Figure 
3).

 

 

Table 1. Fructan content in the extracts obtained from the taproots of prickly lettuce and sow thistle (g/100 g dw1) 

Plant type 

Low molecular 
fraction (fructose, 
sucrose & FOS1) 

High molecular 
fraction (inulin) 

Total fructants 

 mean ± SD3  

prickly lettuce  
(Lactuca serriola L.)  

5.39±0.22 4.17±0.50 9.6±0.86 

annual sow thistle 
(Sonchus oleraceus L.) 

8.26±0.22 11.30±0.09 19.56±0.14 

1dw – dry weight; 2FOS – fructooligosaccharides; 3SD – standard deviation 
 

The obtained results from TLC analysis of the 
ethanol and water extracts from the roots of 
prickly lettuce and annual sow thistle showed 
that extraction process in triplicate was efficient. 
Almost all carbohydrates presented in the 
samples have been successively extracted 
during these sequential extractions with ethanol 
and water used as solvents. All ethanol extracts 
(from 8 to 11 and from 16 to 19) contained 
fructose (Rf = 0.55), sucrose (Rf = 0.48) and 
FOSs which are equivalent to standards Frutafit 
CLR (7-9 oligomers) and HD (8-13 oligomers). 
The TLC analysis of the water extracts from the 
roots (12, 13, 14, 15, 20, 21, 22, 23) showed the 
presence not only of mentioned above FOSs, 
but also these extracts contained high molecular 
fraction of inulin with DP, similar to these of 
used as standards Frutafit TEX and Raftiline HP 

(DP 22-25). The water extracts obtained from 
the roots of annual sow thistle contained also 
and sucrose (Rf = 0.48) (Figure 3). 
The results obtained from densitometry 
analysis of the thin-layer chromatograms 
showed presence of high level of trisaccharides 
1-kestose (Rf = 0.37) and tetrasaccharide 
nystose (Rf = 0.34) in ethanol and water 
extracts from the roots of prickly lettuce 
(Lactuca serriola L.) and annual sow thistle 
(Sonchus oleraceus L.). Except sugars fructose 
and sucrose, the extracts contained FOSs like 
commercial FOSs or inulin, used as standards. 
Solvent ethanol have been extracted FOSs until 
9 monomer units (from GF3 to GF8). In the 
water extracts except FOSs with GF9 also 
dominate and high molecular inulin (Figure 4).
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xtracts have been analysed by the HPLC 
coupled with refractive index detector. These 
analyses help us to determinate the quantity of 
sugars and FOSs in their roots. The HPLC ana-
lysis proved the results obtained from the TLC 
analysis. The obtained chromatograms showed 
the presence of fructose (tR=3,9 min), sucrose 
(tR=6,1 min), 1-kestose (tR=14,1 min) and nys-
tose (tR=20,9 min) in the ethanol extracts and 
also showed the presence of glucose (tR=4,7 
min) in them (The HPLC chromatogram of 
Lactuca serriola was not shown) (Figure 5).  
The obtained results from HPLC analysis 
showed that the ethanol extract from roots of 
Sonchus oleraceus L. contained more 1-kestose 
and nystose (1.25 and 1.28 % dw, respectively) 
than prickly lettuce (Table 2). 

 

Figure 5. HPLC chromatograms of 95% (v/v) ethanol 
extracts of a) prickly lettuce (Lactuca serriola L.) and b) 
annual sow thistle (Sonchus oleraceus L.): 1.fructose, 
2.glucose, 3.sucrose, 4.kestose and 5.nystose. 

Table 2. Mono- and oligosaccharides content (% d.w) in the ethanol extracts obtained  
from the roots of Lactuca serriola L. and Sonchus oleraceus L. 

Plant fructose glucose sucrose 1-kestose nystose 
prickly lettuce (Lactuca serriola L.)  1.78 0.91 2.23 0.80 0.65 
sow thistle (Sonchus oleraceus L.) 2.03 1.31 3.92 1.25 1.28 
 

Lactuca serriola L. and Sonchus oleraceus L. 
contains in their roots high amount of fruco-
oligosaccharides. The results of our research 
showed that the underground parts of annual 
sow thistle is rich source of trisaccharide kes-
tose, tetrasaccharide nystose, FOSs and inulin. 
All these inulin-type fructans possess well-
pronounced prebiotic effect. These taproots 
could be used in feed and foods to increase the 
dietary fiber content in them. Our research 
explained and proved the statement of Jana et 
al. (2010) that Sonthus oleraceus L. possess the 
best prebiotic effect and stimulate growth of B. 
longum. 
 
CONCLUSIONS  
 
The results from our analysis of the ethanol and 
water extracts obtained from the roots of 
Lactuca serriola L. and Sonchus oleraceus L. 
showed that these plants contain inulin-type 
fructan. Because of the absence of information 
in literature about the fructooligosaccharides 
and inulin contents in their underground parts 
for us it was a challenge to investigate these 
weed plants eaten as a salad in some countries 

in the world. The roots of annual sow thistle 
(Sonchus oleraceus L.) contains much more 
total inulin-type fructans (19.6 g/100g dw) than 
the roots of Lactuca serriola L. (9.56% dw) 
The levels of 1-kestose and nystose are higher 
in the ethanol extract of the annual sow thistle. 
The both plants are rich source of fructooligo-
saccharides that are in much more content in 
the ethanol extracts. The water extracts contain 
high molecular fructooligosaccharides and 
inulin. The findings of the current study sho-
wed that these two widespread weed plants are 
potential source of fructooligosaccharides (DP 
3-5) and can be used as a new source of 
prebiotics that can find application in human or 
animal nutrition. 
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