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92% . LA b RBIZZHE ] LU TH0 B P04 55 07 0, & — MOt R i KARPUEALH , o AE 5 I i i — 20
TER A PR AE T 55 ) B AT

KSIF . BEHAEM, 20, it 5HRIE, PLETEE

FESES: 0946.3 XHkERIAEG . A XE4S: 1000-3142(2019) 11-1527-07

Structural characterization and antioxidant activity
of polysaccharide in Sorbus koehneana fruit
WANG Chengbo'?, CHEN Lele'?, JIAO Caizhen'”
SHI Jipeng'?, MU Xingxing'*, ZHANG Ji'*"

( 1. College of Life Sciences, Northwest Normal University, Lanzhou 730070, China; 2. Bioactive Products

b

Engineering Research Center for Gansu Distinctive Plants, Lanzhou 730070, China )

Abstract: Sorbus koehneana is one of the shrubs peculiar in Northwest China. It is mainly used for ornamental and
making tools. The research on its effective components is rarely reported, which limits the further development and utili-

zation of the industry of S. koehneana. The polysaccharide components in the fruit of S. koehneana were extracted, and
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their structures and antioxidant activities were studied. Take S. koehneana fruit as materials, use ultrasonic assisted water
extraction and alcohol precipitation, and sevage method to remove protein. Thus, we obtained the S. koehneana fruit pol-
ysaccharide (SSP). The results were as follows: (1) The polysaccharide content detected by phenol-sulfuric acid method
was 65.8%. The functional group was detected by FT-IR and the polysaccharide was observed to have three characteristic
peaks of sugar at 3 420 em™, 2929 ecm™ and 1 733 em™ , whose molecular weight (Mw) was detected by the SEC-LLS
was 1.739x10°, number average molecular weight (Mn) was 5.052x10" and the polydispersity was 3.443, and uniform
molecular weight distribution. Acidolysis of polysaccharides with trifluoroacetic acid, hydroxylamine hydrochloride and
acetic anhydride were derivatized. The monosaccharide composition of S. koehneana polysaccharides was determined by
GC-MS, and the polysaccharides were composed of three kinds of monosaccharides such as mannose, glucose and un-
known monosaccharide, and the molar ratio was 2.2 : 1.4 : 6.4. (2) The antioxidant activity tests in vitro showed that
the SSP had high scavenging capacity on DPPH, superoxide anion radicals and reducing power. The scavenging capacity
of SSP on DPPH radical was 96% of BHT, 76.07% of Vc on superoxide anion radical and 92% of Ve on reduction,
while the concentration of SSP was 2 mg + mL". Through this study, we can not only provide theoretical basis for the ef-
ficient extraction of polysaccharides from S. koehneana fruits, but also provide a broader prospect for the further develop-
ment and utilization of S. koehneana resources.
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39 %

AE Mk ( Sorbus pohuashanensis) , A % 15k Bk S 5
WERHER R o RSN ETE  BUE 2040, 45 50
9—10 H (Lietal., 2012) , W58 KM], FEMIE )
APUEAAL BUE RITRIE PSR TR AEARCR 52
HAFIR G697 0 A B SF I E (Li, 20115 Ter-
mentzi et al., 2006) ., BEH FEM (S. koehneana) J&
FEM R AL B 1) — > B, R S e 5 2 R0 AR W i R
Yo, N bl HiA: R SOG4 4E 55 (Li et
al., 2012) .

ZWE R P =) — R AR B, T
FEEAT S b g 4 A A B AE A TR | B A
PRAPLC MAE LR S g i R A i A O
(F i= 5%, 2009; Chen et al., 2015; Liu et al.,
2018) , HEg a2 4 ol AT 2 56 (10
FEAE,2017) , #EALE (2016) BFFE R WL, 0T LR A
P A B K B | X2 T TR R AL R 1 i
FErh REAEAE F T 32 JOR, 7 A 25 AR 00 FABEON
BN, o LA 23 A0 R0 O 32, 25 5 30 ) 4
N BE S A= w2, T RE T H B = B B O, A
T3 Z W15 3, 78 2 05 19 45 1 RAEOF 5T
e H T FT-IR ARG DU AR 5 35 A 1B RE AT, 40 20 %
TEREGL R T N 2208 2 W) J5 5 0 X 22 B ) T Y TR
fiff o O TRALAL B AFFH GC-MS SfeAS: I B 2 1k 5

R AEYIEE S 0 T RARKI R, Frik
F SEC-LLS e i %€ 2 4 ¥y it 1) 73 ¥ Koo iR
B, NRTEA i s f b, 27 As R A
B, F AR 23 3 A VRN A0 B Y B R B
AL ) 528, VF 22 B0 19 5 A MK J AT 45 4R,
AR AT AEAR KB 5C 2%, IO I 47 s A g i 55
(Hu et al., 2010) . HAj& WAL DAL 25 Y
YA —E R RIVEHT, P, 54 AU 19 R SR 4t
AL A F R BT

AR

1.1 ##t

B IR RER B H R A8 22N T A Bk 1A R AR AR
NP HEAR2 800~3 000 m A/NE B YE B AR &
PUAC IS R A2 A= A Bh 2 27 Bt 2 R A2 R 2 5 5E
W R M B H AE WK ( Sorbus koehneana ) , Br A
%5 2016-07-15-010,
1.2 {XEFFNIKF
1.2.1 &M E KQ-250DE ¥ 45 i 75 ol v vk %
(R A A R A ) UV 9100b 4540 -1]
ARG BE T (Ab B3R B R SR A PR A Al )
LGJ-18S HAS VR VR TR AL (JL i AR PR AR DR K
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A B2 F]) 5 Nicoletis10 B AR 427 SR 3R (32
[ Thermo 2% &) ) ; 74 B HE BH €4 3% — S # 5F 5¢ H
(SEC-LLS) ; Polaris Q-Focus GC < AH - 5 i Ik FH AL
( £ E Thermo 2N H]) .

1.2.2 KA RALER (RO EOR 4l 1k T 05
BE) s A1 Tk (CHR & T oUE T A5 BRZS 7)) ; DPPH
(VG ABRIR AR A BR A R ) s BHT (I THERE AR
R TAHRAF); Ve (R LR A BR 2~
Al) sNBT( L F AR AR AR .

1.3 A%

1.3.1 BeH ek R 5= 2 48 (SSP) 932 4 & A= 4b
BB AR SE BT ARt 100 H i, DA
THITREE A I R 75 1), it FH 2% TG 4 B 20 47 I s 4
B, HLS0 ¢ NG AEM A, FE BB EE 1 2 20 A2
K, P A B 4 IR (3 R 2016) o $2 IO JE
60 °C, UK 200 W, FEHCAS[E] 1 h, $2HUH4 000
r - min” B0 10 min, W& LW, EREER—IK, &
I LW, VAR 80% & FE T, 25 0 WL 4 VT U
RIASAEMCR SR 2 0, MR W f 4 1 L
Bl A Sevage ik F) (&5 - IETEE=4:1),HKL
2R, HE 2588 260 ~ 280 nm i FEl B A 0 i 146
(FRITFAF,2018) , i 2 F AL 3 A RIS 7R
T4 BV AR 52 20 (SSP)

1.3.2 342 aymlE (R -6 R L TE 490
nm A0 E WA, DL A BEE AR i i £ TH R 2
B (Liu et al., 2018)

1.3.3 29k (FT-IR) 247 SSP 4L 46 i% o
BrR A KBr JE ik . BUFE 3 11 O AR ARCR S5 2 0
FESL, # KBr = BESH =100 = 1 B Ho ) k47 6 H
i FT-IR 7£4 000 ~ 400 em™ B9 % 5070 BB 9 33 4
16 ¥R, /33 4 em™ ( T/ ,2017) .

1.3.4 5F2ME SMEZ(2013) Mk,
FEMEAEE B, FE &2 F 1 R R BLHE B (3% -k
B (SEC-LLS) #EA7 005, A 28 hy 2 ff1
BOEYEEUT L ( DAWN Eos, Wyatt Technology Co. ,
USA) ,A=690 nm; {34 A Ultrahydrogel™ column
(7.8 mmx300 mm, Waters, USA) ; 7~ 22 37 G )
#% (DAWN Eos, Wyatt Technology Co., USA), i
DRE B E N 2.0 mg - mL! BESAR I T 2 FLAE
0.2 wm S PEAFITUE

1.3.5 WA m o H  F GC-MS 5T b i, 5
XA (2014) 9

ALK 52 22 W IR A« MERFRER 20 mg BRI 52
Z8E A 4 mL 4 mol - L' =W, IFERIE
PN R IMIA 120 CALBR 10 h 5, WUE R4 7% T
HPW = 2m,

FERTATAE AL . 101k e 78 T )5 B9 2 WAL S b,
A 10 mg ERERFR AN 1 mL MEIE , S AR 90 °C I
N 30 min, FERAE, MR AKRZH A 1T mL &
FREFHEAT £ WAL AL B, Z SR P 90 C i 30
min, WEZE TG 1 mL 05 5 %, JC /K i iR
BRI 0.22 pum AL UE RS, RESB AT

S35 4% . TR-5ms SQC (354 (30 mm x
0.25 mm x 0.25 wm) , FHERE A A 120 C (£4F 3
min) 46, LA 5 C - min” IR E 250 C A+ S
min, SN E A (He) , i EHN 1.0 mL -
min™ AL 12 50, JEFE TR 250 °C , dEFE
0.2 pL,

i (MS) & e U b F
(electron ionization, EI) J§i, L -FHE&= 70 eV, & T
PRI 250 °C, WU T 150 °C, 14 5t 575 Bl N
33~550 m -z, CIAFIAER

FRUE BREAL BT 15 GC-MS 2514 1R] I
1.3.6 DPPH A ® A FmEmm 2 K HFRE SSP
A BHT Be il B4 0.2.0.6.1.0.2.0 mg - mL™" Ay
VW, AE SSP ZH AN BHT £+ 73 %111 0.5 mL 2.0x
10" mol + L' DPPH, G ## ¥ 0.5 h,517 nm
AT A, WIBAS [R] e B o 0 22 WA VR A & BHIT 5
# 2 mL, LA 0.5 mL z& 487K, 45 A, 0.5 mL DP-
PH A NS R B 2808k, g A, , EE 3 K
SRFEHIH (Cheng & Kan, 2017) . iTHEAXT .

A-A
DPPH ¥EBRHE=(1- ZA !

) x100% ,

0

1.3.7 A& FEmEmal g KPR sSSP
Ml Ve Behl e 54 0.2.0.6.1.0.2.0 mg - mL™" B
W, BT mL 4 FPBSEE R SSP A AT Ve IR, 50 31
Jnv s & 557 wmol -+ L' NADH-2Na 45 wmol - L
PMS & 108 wmol - L' NBT 4 ImL, R4 )5, T 25
C M 5 min, 510 nm R4S A,, PAZEIE K R XF
WA A, R = UCRFEE (Li et al., 2006)
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HEAXWT .
A
AP FIEBR R = ( 1—A—‘) x100% ,

1.3.8 BRAME ST (2014) M
JiiE I AEE B, SSP 5 Ve B il ¥ A 0.02,
0.06.0.1.0.2.0.6.1.2 mg - mL" W, &H 1
mlL 7 PR BE ) 22 BV WM Ve W R U A 1R
ZZoh (pH 6.6) IR AL H [ K, Fe (CN) ¢ ] K
(RPN 1%) % 2.5 mL,IB21J5 50 °C /KB 20
min, R JFIMA =50 L PRV W (BT 50 50 10%)
2.5 mL,7#&%),1 000 r « min" &0 10 min, B E K
2.5 mL, PRI A ZE 1R K A AL B (FeCl, , T 5 534K
0.1%) 4% 2.5 mL,iR%], # & 10 min, ZZ K IHE,
7 700 nm 205 WOGAH, AR E R 3 K, D
700 nm W AE 1 BRI JE T A
1.4 #IEBSH

K H] SPSS18.0 GE 43 A #1419 ANOVA J5 ik
XS 95 R R AT 22 S5 e PR 5 23 BT, A P<0.05
h2E R E B FRR N RE AR (xts) o

2 HREH A

2.1 SSP IR E 4k

28R Ty — Tk TRV A5 A8 5 4 25 0 RO A 15
FbruEdh<k . MIAITFE, Y=16.238 54X-0.043 85,
R*=0.999 06, =, Y AWOLEE, X AWk, 1S
SSP 213 465.8%
2.2 L5 EIE SR

CLAMNEIE I TS 2SS I AR T ik,
HRYE LT A1 v 45 R AE e 1 457 5 R 0K AT A
W 25 R R AR, B 1 A SSP FE 4 000 ~ 400
em™ Y5 [ N A LM IO TE . 380 LR i) 2 0
Wi Hodr I3 420.47 em” ik Y KT T8 B K
Wl Ay o3 -1 3 (- OH) (194l 45 9% 2/ 1% ( Chen et
al., 2018);2929.51 em™ kb 1y JH 1§ & W H 3%
(—-CH,) " C—H SRyl 45 = 2l e ( S 4655, 2016) 5
1 733.57 em™ A A MR SO e 2 B (-CHO) B9 C=0
45 4R 5% (Wang et al., 2018) ;1 616.58 cm™ Fll
1 436.50 em™ 2247 Ak %) W W wde Xof 37 19 AT B2 C-H
AR AR PR 3 16 I = CH, /) A8 T2 5 AF 18 (9K % %5,

~
[$)]
1

(S
o
1

1616.58 1100.49

ETER
Transmittance (%)

3420.47

4000 3500 3000 2500 2000 1500 1000 500
B Wavenumber (cm™)

BT B AEMCR S 28 (SSP) BYLL AR O 3 4]
Fig. 1 Infrared spectra of polysaccharide

in Sorbus koehneana fruit (SSP)

2017) ;1 100.49 cm™ 4 J2& nH R A 20 B RAAF R A 06
2 BHZO05 Ry ik IR B (B HESE L 2016)
23 HFENE

K SEC-LIS ¥:I & SSP (14> T, 4 {443 By
A, SSP H 43 FiE (Mw) A 1.739%10°, #0343
T (Mn) K 5.052x10*, 2 &5 (Mw - Mn™)
H 3.443 UL H A TR —
2.4 BREAR ST

A XF 7 FlbR v BB AT SSPRE A ST IS AT R
T AT, BB 2. B 150 B H AEkCR SE 2 MR i (
WETAETE, A EEN =, 5RAWIER
B (2. A) XF IR SSP |y 3 Fh Bk 4H i,
G390 RH EE A S R R . 26.46 min Ab
SRR g ot I A DA R % AT N I N T e
WL I T R A SRR BEOR 2.2
1.4 : 6.4,
2.5 DPPH BEHEERFBEHENE

DPPH ( A BRI F i 58 ) 7 A DL o2
—FhRESE R A 3 7E 517 nm BRI AT SR IR A 06 ( 5
WA, YA HEERRFIAAER, DPPH I
FREECRT, 517 nm WSO 2% 80055, 388 3o I
Wt s AR BE AT PEAT L ER R R s

SSP X§ DPPH [ 1 JE (3 Br/E H WLIE 3,
A SSP JG AT UL EAVEH T DPPH A i & A9 75 5
I HLX Fp i bR AE 1 B SSP ¥R B B9 7 5 (0.2 ~ 2
mg - mL") M5 B —ERMEM LR, UL BHT
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1.5x10 A o 4510+
B 26. 46
[ o
§1 0x10° S Aoy
o I o
ﬂ o Rh Ly.&(ra Gal _I'Hi © 2X104'
ﬁg 5 *if xiv Gle [ 20.21
4‘;5. 0x10° 5
— = 4 21.14
2 2 1x10 "+
0.0{—— I JVLJL " . A lA,_LIJ“L .
4 6 8 10 12 14 16 18 20 22 24 26 28 5 10 15 20 25 30

FHE] Time (min) BE Time (min)

B2 BREARE (A) R H AEHCR S 288 (B) 19 GC-MS 37 iy 5 85 Ui (5 3% 1]
Fig. 2 Total ion chromatograms for GC-MS analysis of polysaccharide in standard

monosaccharide (A) and Sorbus koehneana fruit (B)

$RE Concentration(mg + mL™")

K3 BRHEMCR S Z 05 (SSP)
T Bk DPPH F HE g
Fig. 3 Ability to scavenge DPPH free radical of
polysaccharide in Sorbus koehneana fruit( SSP)

XT DPPH [ H % 975 BR 68 1 0 275, % L i A~
W, SSP X DPPH [ th % 19 7 B fE 1 38/ F
BHT, {H4¥% %y 2 mg - mL"' A}, SSP X} DPPH H
P 3L 10 7 B B A 24 F BHT 19 96% , 45 %M
SSP & — Al LA &00E Bk DPPH H Hi 2 1Y $T %]
e,
26 BEBETEHEBFREENE
HEAE B B 1 A SRR T PR R — R, FE R
A A B AR B B o 7E A AR &R 2 R
A AR B T 2 — R SO A R At
AOH R B A R Ay Tk R

~ 06 ] 1001
< e
& 94 H & 801
e e 3 5 -
£ 8924 &z
ir & o g 607
i 3 90 1 Mo —=— 5pp
H o —=— BHT M>'o 40 4 —*— Ve
il o 88 - —o— 5P E&0
£ W= 3
& * 86 Mﬁ 8 20
- >
= %)
< 84 : . . . : : : ;
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

iR Concentration(mg - mL™")

K4 BRHAEMCR S Z 0 (SSP) By 4
B ES 5 FI 2R BRI T
Fig. 4 Ability to scavenge superoxide free radical of

polysaccharide in Sorbus koehneana fruit( SSP)

SSP Xif i 42U B B 7 ) ER R A I R AE LI 4,
T SSP &b P 5 AT DL G 3 & BB 7 B
SRS B, BT BRIGPERE SSP Mk B TR (0.2 ~2
mg - mL) 3855 UL Ve XTHEIE 7 H B30
THERAE ST 2 B8 X W ) RS VR BE R, SSP X 4/
P F A LTS BRTG PR T Ve, H7E 2 mg -
mL " R BE TR, SSP X AU B B 3k AV R T
PEF Y F Ve 19 76.07% , 255328, SSP A 35 1Y
YT B P R RS P, LS R B A v B Y
B8 i 3
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2.7 REAME

M5 2 0 B A AR R P Y AR AR
— W AR R Fe —Fe® 1 5 AL A B Ol 1
Z W0 R e IR S

SSP iR Ji g AT iyl S A5, #E 0.02~2 mg -
mL ' YEE N, SSP B v B AR K, iR R ) 2 E I
e DL Ve BIE 575 554 S X R 768 1 ) R
WREMERE T, SSP A IA JELBE Sy AR T Ve, MWK
42 mg - mL'H, SSP IR I AE J A Ve 19 92%
SER LI SSP A BT Ik IR ), HaA I T bl
JEE S RS K

3_

]
o
c
S 2
)
_8 —a— Ve
o —e— spp
]
R
=3
0- T T T T T
0.0 0.5 1.0 1.5 2.0

iR Concentration(mg - mL™")

K5 BRI AECR 52288 (SSP) ik Ji )
Fig. 5 Reductive force of polysaccharide

in Sorbus koehneana fruit( SSP)

3 Win548®h

ABEFE 25 A P9 AL R A BB 9T 50 19 R e
B WESE T B H A6 Mk ( Sorbus koehneana ) 55 2 bl
(A2 S5 40 ( BRBE 4 B S FLBEJR WL o F i VB g
HIRRIZE) | T AR SR IK ST 25 22 46 Mk 2 W %) 48 Ak 4
LR il

AEAKIR 52 Z2 B (SSP) 32 L 28 # 75 i B /K 2 1
TUIEPEE, A 7 ik 2% Q4 B B A | Sevage 153 &
Halifl , 2 Wy — 5 R 15 1 26 %l 65.8%, FT-IR ¥
M3 420.47 cm™ (2 929.51 em™ &1 733.57 em™ 4k
B3 B Z PR AE W4 | 1 100.49 em™ Ab W AT 16
FH SSP HA ML 2B ; GC-MS K GPC #5533
W] SSP it H H &8 4 | ) %8 B8 B 3 A — b R 1 B pk
I, BEIRIE N 2.2 1.4 1 6.4, B4 T4 (Mw)
9 1.739%10° ) —Fli 24 2 %

WEFEHE MUK B 7 22 2 e B 0 B0 1Y &
AR5 AR AT DG, ) AN fil 22 3B AT PE 9K (neu-
rodegenerative disease) I8 (tumour) /U> 1L %5 04
( cardiovascular diseases ) 148 JiE ( inflammation ) 5% ,
PRIt , T 0 9 v 2801 B 19 R AR Bt B AR R 73X
SO 1) TR A T B N MR SR I R 2
SRR N B — b A= W T R TE PR BT
JHIgE AR VA Y R 7 i A A T T R A
o Z 08—l o WIS R AR S 45 T A AR T
— R EIEE RN A B R R A
PR BT A T 00 35 P, AT 3K 303 BR B il 2 1 A
(X 2 F 45, 2019 9K 1§ 52 5%, 2018) . & LA
DPPH A 1205 BR s P OB A BT 2 1 A th 2L BRI
PRI J5 I g R DY g i &b RE . P, A
WFERIE T DL EJLANE PRI E SSP 1Y Bt A fL fiE
SRS . RSN AL S 45 R R WY SSP Wk EE R 2
mg - mL [ SSP %} DPPH [ Hy 3434 4 fE 1 A 24
T BHT [ 96% , %t A A & 1 A h B BRBE T N
Ve 1) 76.07% , B JFRETT 54 T Ve B9 92% , LI
GURPIUE L SSP HAT B0k 19 BT A A 1 1, R — F
e R B R AR BT AR

B H AL ABAE b 75 A H DR A AR 4 06 TR X
HAGETT AR, b A SO o015 A48 B AR 4
B FF R AT, BEIHAS A 58 57 2 T B H Bk, X 2R
SEH R TE R T 2 M AT T A A SR AE R bt A AL
TEPERIBIES o AT, AT Loy B H ARk Y 2 —
A TT R A IR AL S 48 5, I O B A AR BT B A )
AOIT A T — s R . B H FE A (]
VSR WL A ) AR A 28 B i w] 32 O & Horp iy
AR, G0 220 A B B R R AR ) e A
TEPEY BT, M 40 L BT B A W v R AT R AR L
AL BT R A5 24 W RT DR AR 7 i B T 5 T AE TR
A B T 3R 1 TF v, AN ACRT R BT A 4k 22
DL AU s R R sUR: ) I8 = A bt 8 AR 259,
A 5 22 R AR A5 A AR S R S T A 7 D
IR BT R EA A P Y H Y

SE
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