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The paper presents the investigation of the
content and composition of internal lipids and
protein fractions — keratoses in the different types
of wool fibers. These data may be some of interest
to the textile industry. For experiment the samples
of fibers from Askanian fine-fleece, Askanian
crossbred and Carpathian Mountain ewes were
used. Semi-course fibers of Carpathian Mountain
ewes also were divided into fuzz and guard hair.

1t was established that different wool fibers
contain various amounts of structural lipids: free
internal lipid fraction are rising with increasing of
the fiber diameter and opposite dependence for
covalently bound lipids is observed. In general, the
total content of free and bound lipids in the
different fibers is almost identical: thin fuzz
contains 2.6 %, and fine, crossbred and semi-
course wool — 2.65%, 2.60% and 2.85%
respectively.

The differences in the structural lipids
content are associated with the fiber structure in

particular a-, p-, y-keratoses. The largest amount
of p-keratose in semi-coarse wool can be
associated with the highest content of nonidentified
lipids, which are not found in the free fraction of
structural lipids.

A correlation analysis between the content
and composition of structural lipids and protein
fractions wool fibers was performed.

It was found a direct relationship between
the content of free lipid fraction and fiber diameter
(r=0.996; 0.887; 0.698; 0.746, respectively, for
fuzz, thin, crossbred and semi-course wool). The
inverse relationship for covalently bound lipids
were observed (r=—0.993; —-0.995; —0,737;, —
0.694).
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Y cmammi npeocmaeneno pesynomamu
00CNIONCEHHsL 8MICTY ™A CKAA0Y CMPYKMYPHUX
ainidie, a makodc npomeiHosux pakyii —
Kepamo3s y pi3HUX MUnax 606HAHUX BOJOKOH, WO
MOdce  CMAaHoSumu  neguull  iHmepec 07
MEeKCMUAbHOL NPOMUCTIOBOCHII.

s Oocnidsicenns
3pasKu  BOBHAHUX  BOJOKOH
acKaHilicbKol MOHKOPYHHOL,

BUKOPUCTNOBYBAIU
8i0  8igUeMamox
ACKAHIUCLKOT

Kpocopeonoi ma  2ipcokokapnamcukoi  nopio.
Hanieepybi 606HsHI 6010KHA 2iPCOKOKAPNAMCOKUX
8i8YeMamoK po30ianu Ha MOHKULL NYX Mma MOBCHLY
ocmb.

Bcemanoeneno, wo  piswi kamezopii
BOBHAHUX BOJOKOH MICMAMb DI3HY KILIbKICHb
3a2anbHUX Ainidie: 8Micm GIIbHUX CIPYKMYPHUX
inidie niosuugyemvcs i3 30ibUeHHAM diamempa
600KHA, a 0718 (pakyii KOBANEHMHO 36 SA3AHUX
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ainiois cnocmepizaemubcs diamempanbHo
npomunedcHa 3anexcHicmo. Y cymi  3aeanvua
KiIbKiCmb  GIIbHUX [ 38 ’3aHUX 1inidie y pi3HUx
BOGHAHUX BOJIOKHAX € MAUCE OOHAKOBOKW: MOHKULL
nyx micmumv 2,6 %, a moHKa, KpocOpeona i
Hanisepyba eoena — 6ionosiono 2,65, 2,60 i
2,85 %.

Pisnuyi y emicmi cmpyxmypuux niniois
no8’sa3ami 3 0cobIUBOCMAMU CIMPYKMYPHOL 6Y0086U
BOGHAHUX BOJIOKOH pPI3HOI MOHUHU, a came i3
pisHum emicmom a-, - i y-xkepamos. Haubinvwa
KiTbKicmb — f-Kepamosu  3yMOGIeHA  HAUBUUUM
emicmom Heidenmugpikosanoi ¢pakyii y ckaadi
36 A3aHUX NINi0i8, SAKUX He GUAGNEHO ) CKIAOI
BLILHOI CMPYKMYPHUX AIRIOIS.

Ilposedeno kopenayiinuii  aunaniz migic
éMICMOM MaA CKIAOOM CMPYKMYPHUX 1inidie i
NpoOmeiHO8UMU PPAKYIAMU BOBHIHUX BOTOKOH.

Bcemanoeneno npsamy 3anescnicmv  migne
emicmom @paxyii sinbHux Ainidie ma Oiamempom
sonokna (r=0,996, 0,887; 0,698, 0,746 6ionosiono
0151 NyXy, MOHKOI, Kpocbpeowoi ma Hanieepyboi
606HU) Ma 0OEPHEHY 3ANEIHCHICHb MIJC MOHUHONO
606HU | BMICHOM KOBAIEHMHO 38 SA3AHUX Jinidie
(r=—0,993; —0,995; 0,737, —0,694).

Kirouosi cJoBa: BOBHAHE
BOJIOKHO, JAIAMETP, BIJIBHI TA
3B’A3AHI CTPYKTYPHI JIIIIAU, a-, B-, v-
KEPATO3U, KOPEJIALLA

CPABHUTEJ/IbBHAS XAPAKTEPUCTUKA COAEP KAHUSA U COCTABA
CTPYKTYPHBIX JIMITU OB B PA3JIMYHBIX TUITAX HHEPCTHOI'O BOJIOKHA
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B cmamve npeocmaenenvr pesynbmamot
uUccne008arnus cooepaicanis u cocmasa
CIMPYKMYPHBIX TUNUOO08, A MAKICE NPOMEUHOBbIX

(pakyuii. — Kepamos, 6 pPAIUYHBIX MUNAX
ULepCmmbIx BOJIOKOH, Komopbwle moeym
npeocmasnams  OnpeoeneHublll  unmepec 07

MEKCMUNbHOU NPOMBILUICHHOCTIL.

s uccne0osanus UCnoIb308a1U 00OpPasybl
UWEePCMHbIX B0JIOKOH OM 0BUEMAMOK ACKAHUUCKOL
MOHKOPYHHOU,  ACKAHUICKOU  KpOCCOpeoHol u
2oproxapnamckotl nopoo. Ilonyepybvie wepcmuole
BOJIOKHA 20PHOKAPNAMCKUX 0BYEMAMOK PA30eIsIU
HA MOHKUUL NYX U MOJICINYIO OCIb.

Yemanosneno, umo pasnuunvie kamezopuu
ulepCcmmblx B0JIOKOH cooeporcam pasnoe
KoMuuecmeo  obuwux  aunuoos.  cooepicanue
CB0OOOHBIX CMPYKMYPHBLIX JTURUOOE NOSbIULACTNCS
Cc yeeiuuenuem Ouamempa G0JOKHA, a O
(pakyuu  KOBANEHMHO  CEA3AHHBIX — JUNUOOS
HAOI00aemcs OUAMEMpPallbHO RPOMUBONONONCHAS
sasucumocms. B cymme obwee konuuecmeo
CBOOOOHBIX U CEA3AHHBLIX JUNUOOE 6 DPA3IUYHBIX
ulepCcmmbix B0JIOKHAX ABAAEMCSL noumu
O0O0UHAKOBLIM: MOHKULU nyx coodepocum 2,6 %, a
MOHKAS, KPOCCOPEOHAast u noayepybas uiepcmv —
coomeemcmeenuo 2,65, 2,60 u 2,85 %.

Omnuuust 8 co0epIHCanuy CMpPyKmypHbIX
AUNUOOE CEA3AHbL C OCOOEHHOCAMU CHIPOCHUS.
WepCmAanbIX BOJOKOH PA3TUYHOU MOHKOCU,
UMEHHO C pasHblM cooepicanuem ao-, p-u y-
xkepamos. Haubonvuee ronuuecmeo [-xepamosol
0bycnosneno BbICOKUM cooeparcanuem
Heuoenmugpuyuposannol ¢Gpakyuu 6 cocmase
CEA3AHHBIX TUNUOOE, KOMOPBIX Mbl He 0OHAPYHCUIU
6 cocmase c80000HbIX CIPYKMYPHbLIX JTUNUOO0E.

IIposeoen KODPPenAYUOHHBII ananus
MedHCOY CoO0epHcanuem u coCmasom CmpyKmypHbiX
AUNUO08 u NpOMeuHo8bIMU Gppaxyusmu
ULePCMAHBIX BOJIOKOH.

Yemanosnena — npamas  3asucumocmo
Medxcdy  codepacanuem  ppakyuu  c800600HbIX
aunuoos u ouamempom eonoxkna (r=0,996; 0,887,
0,698, 0,746 coomeemcmeenno 015 nyxa, MOHKOU,
Kpoccopeonoi u  noayepyboi  wepcmu) u
006pamuylo  3a8UCUMOCTb — MeXNCOY — MOHUHOU
wepcmit U CoOePIHCAHUEM KOBAJICHMHO CEA3AHHbIX
aunuoos (r=—0,993, —0,995; 0,737, —0,694).

KmoueBbie caoBa: IIEPCTHOE
BOJIOKHO, TUAMETP, CBOBOJIHBIE U
CBA3AHHBIE CTPYKTVYPHBIE JIUTIW/bI,
a-, B-, y-KEPATO3bI, KOPPEJIALIUA

The Animal Biology, 2013, vol. 15, no. 2

132



Bionoris TBapun, 2013, 1. 15, Ne 2

Despite the significant application of
synthetic fibers, goods from natural fibers are
always in stable demand. Among all animal

fibers wool 1s the most commercially
attractive. Wool 1s characterized by high
hygiene, physical, mechanical and

technological properties. The process of wool
dyeing, as well as various operations against
shrinkage, felting etc. is closely related to the
structural composition and chemical properties
of fibers, including modification of their
surface [1].

Wool fiber consists of keratin and
small amount (about 3 %) of lipids called
structural or internal. Some of these lipids are
in a free state and another part is covalently
bound through anteisobranched 18-
methyleicosanoic acid.

Internal lipids are structured as lipid
bilayers in the cell membrane complex (CMC)
and make a large contribution to diffusion, cell
cohesion, and mechanical strength. The loss of
these lipids could impair the integrity of the
hair, leading to deterioration in its tensile
properties [2].

Therefore, taking into account the
fundamental role of structural lipids in
formation of technological characteristics of
wool fibers, the aim of our study was to
compare the content and composition of
internal lipids and protein fractions
keratoses in different types of wool fibers,
which may be some of interest to the textile
industry. These data also broaden our
knowledge related to the role of structural
lipids in the different type of wool fibers.

Material and methods

Raw wool fiber samples from ewes of
three different breed were used in experiment:
the fibres of Askanian fine-
fleece ewes with mean diameter 20.4 pum;
the fibres of Askanian crossbred
ewes with mean diameter 30.6 pum;
wool samples from semi-course
Ukrainian Carpathian Mountain ewes were
separated into two morphological types —
fuzz (mean diameter 16.9 um) and guard hair
(mean diameter 48.8 um).

All wool fibers were obtained after
spring shearing.

Prior to the extraction wool fibers were
prepared in the laboratory as follows: wool
was washed with neutral detergent solution,
washed five times with the warm water and
twice with the distilled water, then dried at the
room temperature and subsequently cleaned in
order to remove all the contaminants. Surface
lipids were extracted in the Soxhlet apparatus
with carbon tetrachloride for 6 hours.

Extraction of free internal lipids The
internal free lipids were extracted from wool
(3 g) in the Soxhlet apparatus for 5 hours using
a mixture of chloroform/methanol (2:1, v/v).
The lipid extracts were collected, evaporated
to dryness and then weighed on an analytical
balance.

Extraction of bound internal lipids.
The extraction of bound internal lipid was
performed as described [3]. For this purpose,
wool samples after removal of free internal
lipids were subjected to alkaline hydrolysis by
heating for 2 hr at 60°C with IM KOH in 90 %
CH;OH. Then the samples were cooled to
room temperature and transferred to the
separatory funnel, where 100 ml of chloroform
and 25 ml of distilled water were added. After
12 hours the lower chloroform layer was taken
to the flask and the upper phase including fiber
residue was acidified by the addition 50 ml of
6 M HCL Then acidified upper phase was
mixed with 100 ml of chloroform. Further, the
combined chloroform extracts were mixed,
filtered and dried by evaporation. The
precipitates were dissolved in 10 ml mixture of
chloroform-methanol (2:1, v/v) and 2 M KCl
containing 0.1 M HCl was added to each
sample. After 24 hours upper phase containing
hydrophobic peptides was removed by water
pump and lower phase, which contained the
lipids was filtered and dried in glass tube. The
weight of lipids was then determined.

For the analysis the covalently bound
internal lipids which are extracted after alkali
saponification were used.

The lipid extract was re-dissolved in
the chloroform/methanol mixture. The thin-
layer chromatography was carried out on
0.11 mm thick layer of silica gel STH-1A
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(Sorbfil, «Sorbpolymer», Krasnodar, Russia)
on 10 x 10 cm polyethylen-tereftalat plates.
Samples were applied 1 cm from the bottom
edge of the plate. Chromatographic separation
of internal lipids was carried out in two
systems: petroleum ether/diethyl ether (4:1,
v/v) and chloroform/methanol/water (65:25:4,
v/v). After drying, the chromatograms are
sprayed with 50 % sulfuric acid and charred at
105° C. Cholesterol, cholesterol sulfate, stearic
acid, lanosteryn (Sigma Chemical Co., St.
Louis, USA) was used as standards.

To quantify the concentration of lipid
classes the spots were scraped, transferred to a
glass tube, where were added concentrated
sulfuric acid and heated to a temperature of
105 °C. Absorbance of each fraction was
determined  photocolorimetrically at a
wavelength of 400 nm in cuvette of 1 cm
thickness. Other classes of lipids compared
with re-values of lipid classes according to
literature data [3, 4].

Keratoses analysis. Fractionation of
wool into the keratoses was performed as
described in [5]. Wool samples were oxidized
with performic acid for 16 hr at 0 °C. Oxidized
wool was transferred to flacks with 1.5 M
ammonia solution and mixtures allowed to
stand for 30 hr. The residues of B-keratose
were filtered, washed with water and dried to
constant weight at 105 °C. Liquor of performic

acid and water washings were collected to a
total volume of 100 ml and glacial acetic acid
was added to pH 4.0. The o-keratose
precipitates were allowed to coagulate during
24 hr and filtered. Then a-keratose were
washed, dried and weighted. Results were
expressed as percent of the weight of the
oxidized wool and y-keratose were differences
from 100 %.

Statistical analysis. Statistical
evaluation of results was conducted using the
arithmetic mean and standard error (M £+ m)
and the adequate interval for assessing the
degree of probability (P) using Student's
criterion (t).

Difterences were
significant at P<0.05.

statistically

Results and discussion

Wool is a multifunctional fiber with a
different diameter that makes it suitable for
clothing, household fabrics and technical
textile. Changes of lipid composition related to
various damage of hair are well known, but
limited data are available on variation within
different categories of wool fibers.

Results of the comparison of total
content of structural lipids in various
categories of wool fibers are illustrated in
figure 1.

304 Covalently bound lipids
2:8 ] I Free lipids

HH
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2.4
2.2
2,04
1,8
1,6 -
1,4
1,2
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0,8
0,6
0,4 -
0,2 -
0,0
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Total lipids, %

T
T

Fuzz Fine wool Crossbred wool Guard hair

Fig. 1. The total lipids content of fuzz, fine wool, crossbred wool and guard hair
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Analyses of the overall content of
structural lipids among different fibers shows
that the sum of both free and bound fractions
in all fibers is identical. But the smallest
content of free internal lipids are in thin fuzz
(0.75 %) and the largest amount is observed in
guard fibers (1.39 %). Inversely relationship
for bound lipids is found.

70

| C
B FFA

1 SF

50_ EC
2 40+
%\ 4
£ 304
— ]
20+
10 +

0 . . . .

The major lipid classes separated in
system petroleum ether: diethyl ether (4:1, v/v)
were cholesterol ester, free fatty acids, fatty
alcohols and cholesterol as shown in figures
2-3. In the present study it is shown that
cholesterol is the dominant fraction of the free
internal lipids, and cholesterol esters are the
predominant fraction of the covalently bound
lipids of all wool fibers.

B

Fuzz Fine wool Crossbred wool Guard hair

Fig. 2. The composition of free lipids of fuzz, fine wool, crossbred wool and guard hair (the system
petroleum ether: diethyl ether, 4:1, v/v)
Note: FC — free cholesterol, FFA — unesterified fatty acids, SF — sterol fraction, EC — cholesterol esters

40 -

B FC
—+ I FFA

SF
EC

%

Fuzz Fine wool Crossbred wool Guard hair

Fig. 3. The composition of covalently bound lipids of fuzz, fine wool, crossbred wool and guard hair (the system
petroleum ether: diethyl ether (4:1, v/v)
Note: FC — free cholesterol, FFA — unesterified fatty acids, SF — sterol fraction, EC — cholesteryl esters
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After analyzing of percentage of each
lipid component both free and covalently
bound fractions it is possible to observe that
whole fiber types have similar lipid
distribution. However, major differences
related to cholesterol and its esters in guard
hair of semi-course wool which are rich in
cholesterol, whereas its cholesterol ester
content is smaller than in the other fibers.
Guard hair is also characterized by the largest
amount of free fatty acids. Lipid classes which
were separated in the polar system

(chloroform-methanol-water, 65:25:4, v/v) are
shown in figures 4-5. Free and covalently
bound lipids are presented by glycolipids with
highest polarity, cholesterol sulfate, glucosyl
ceramides, sulfolipids, ceramides and two
unidentificated fractions. The results show that
the main part of all identified lipids 1is
accounted for ceramides. The content of
ceramides varied from 47 % in free internal
lipids to 37 % in bound fraction. Similar
results were also obtained in other
studies [6, 7].

40 Bl — BN
30
S
% 201
il
10 -
0 -
Fuzz Fine wool Crossbred wool Guard hair

Fig. 4. The composition of free lipids of fuzz, fine wool, crossbred wool and guard hair (the system
chloroform:methanol:water (65:25:4, v/v)
Note: HPG — highly polar glycolipids, CS — cholesterol sulfate, GCer — glucosylceramides,
SL — sulfolipids, Cer — ceramides

There were no significant changes in
ceramides content both free and covalently
bound lipids. However, literature data show

that such factors as ethnic rasa, gender, hair
diameter may influence on the ceramides
content [7].
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Fuzz Fine wool Crossbred wool Guard hair

Fig. 5. The composition of covalently bound lipids of fuzz, fine wool, crossbred wool and guard hair (the system
chloroform:methanol:water, 65:25:4, v/v)
Note: HPG — highly polar glycolipids, NI — not identified, CS — cholesterol sulfate, GCer — glucosylceramides,
SL — sulfolipids, Cer — ceramides
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The polar lipids of keratin fibers
contain lipid classes, whose content is
characterized by the presence of the sulfur:
sulfolipids and cholesterol sulfate. It is known
that cholesterol sulfate plays an important role
in the cell cohesion during keratinization.
These lipids are often called intercellular

difference in sulfolipids and cholesterol sulfate
content in different fibers we have not seen.

The distribution of internal lipids is
associated with fiber structure. Free lipids are
mainly localized in the cuticle. Perhaps, part of
these lipids originates from sebum penetrating
the hair shaft and another part of lipids have
lost the link with fiber proteins during
keratinization [8].

«cement» of keratinized tissues [9]. The
sulfolipids  quantitatively prevailed over
cholesterol sulfate. However, significant
60
50
N 40
oy
(%]
9 30
Y
N
20
10
0 -
Fuzz Fine wool

Crossbred wool Guard hair

Fig. 6. Keratoses content of wool fibers of different fineness

It is known that a-, B- and y-keratoses
are the protein fractions which are derived
from oxidized wool and are identified with the
fibrillar, cuticle or cell membrane and matrix
components of the fiber respectively.

The semi-course wool is characterized
by the highest content of B-keratose (15.1 %)
while the smallest content is observed in fuzz
(10.23 %). The fine and crossbred wool
respectively contains 12.95 % and 11.37 %.

It 1s known that coarse wool contains
more P-keratose than fine wool. Actually, this
cuticular layer is characterized by the highest
content of total lipids [10].

Correlation analysis of the relationship
between keratoses content and internal lipids
was performed. For the o-keratose the data
were different in both sign and magnitude.
Therefore, these results were ignored.

We found strong correlation between
B-keratose and free lipid content (r=0.996;
0.887; 0.698; 0.746 respectively for fuzz, fine,
crossbred and semi-course wool). Moreover

the inverse correlation between B-keratose and
covalently bound lipid was observed (r=—
0.993; —0.995; —0.737; —0.694 according to
fuzz, fine, crossbred and semi-course wool).

Considering the y-keratose and
cholesterol sulfate we showed a strong positive
correlation for fuzz, fine, crossbred and semi-
course wool (r=0.341; 0.954; 0.883; 0.996,
respectively), and negative correlation for vy-
keratose and sulfolipids for fine and semi-
course fibers (r=0.901; —0.999). These results
confirm the assumption that high sulfur
proteins may be associated with lipids, which
contain the sulfur.

Interesting results were obtained by
analysis of relationship between keratoses and
some fractions of covalently bound lipids. The
strong positive correlation was observed
between B-keratose and cholesterol sulfate for
fuzz, fine, crossbred and semi-course wool
fibers (r=0.999; 0.809; 0.342; 0.747), and a
negative correlation for ceramides in fuzz,
fine, crossbred and semi-course fibers (r=—
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0.940; —0.128; —0.895; —0.989). It was shown
the negative relationship between y-keratoses
and sulfolipids (for fuzz, fine, crossbred and
semi-course wool respectively r=0.906; —
0.998; -0,999) and positive correlation

between o-keratose and ceramides in the all
fibers (r=0.531; 0.572; 0.962; 0.785).

As a result it was found that
distribution of structural lipids 1is closely
related to the diameter of wool fiber.

1,6
1,4 +
1,2

08
0,6
0,4
0,2

16,9 20,4

free lipids

y=0,215x+0,47
R2=0,936

30,6 48,8

Fig. 7. Relationship between fiber diameter and free lipids content (axis X — fiber diameter, um;
axis Y — free lipids content, %)

Thus, the content of free lipids
increases with the rising of fiber diameter and

bound lipids amount, on the contrary,
decreases (fig. 7-8).

1,4
1,2 §

0,8
0,6
0,4
0,2 +

16,9 204

bound lipids

y=-0,142x + 2,025
R*=0,901

1,8 1
- \

30,6 48,8

Fig. 8. Relationship between fiber diameter and covalently bound lipids content (axis X — fiber diameter, um;
axis Y — covalently bound lipids content, %)

However, the total amounts of both
internal lipid fractions in different fibers are
almost identical. The correlations between
individual lipid fractions and keratoses in
different wool fibers were established. These

data give us a better understanding about
internal  lipids, their composition and
distribution among different fibers.
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Conclusion

It was established that different wool
fibers contain various amounts of structural
lipids: free internal lipid fraction is rising with
increasing of the fiber diameter and opposite
dependence for covalently bound lipids is
observed. In general, the total content of free
and bound lipids in the different fibers is
almost identical: thin fuzz contains 2.6 %, and
fine, crossbred and semi-course wool — 2.65,
2.60 and 2.85 % respectively.

The differences in the structural lipids
content are associated with the fiber structure.

It was found a direct relationship
between the content of free lipid fraction and
fiber diameter (r=0.996; 0.887; 0.698; 0.746,
respectively, for fuzz, thin, crossbred and
semi-course wool). The inverse relationship
for covalently bound lipids was observed (r=—
0.993; —0.995; -0.737; —0.694).

Prospects of further researches. It’s
advisable to study the content and composition
of structural lipids after different treatment of
wool fibres.
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