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ABSTRACT: Objective To use ultrasound-assisted extraction to extract polysaccharides from Rosa roxburghii

tratt pomace polysaccharide (RRTP), and investigat the influence of ultrasonic duration (30, 45 and 90 min) on
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chemical composition, functional group, molecular weight and antioxidant activity of the polysaccharides.
Methods High-performance gel permeation chromatography, high-perfomance liquid chromatography and
Fourier transform infrared spectroscopy were applied to illustrate the influence of ultrasound on RRTP structures.
Antioxidant activity of RRTP was determined based on reducing ability and scavenging ability on free radicals.
Results RRTP was an acidic polysaccharide consisted of glucuronic acid, galacturonic acid, mannose, ribose,
rhamnose, glucose, galactose, xylose, arabinose and fucose. Compared to the traditional hot water extraction,
ultrasound-assisted extraction did not result in obvious changes in the monosaccharide composition and functional
groups of RRTP, while it could effectively degrade the high-molecular weight fractionsin RRTP. Ultrasound-assisted
extraction with short duration (30 min, 45 min) improved the ability of RRTP to reduce Fe** and scavenge DPPH
radicaland ABTS" radical. This was because that the lower the molecular weight RRTP had, the more the free
hydroxyl groups and reducing ends existed in RRTP, which contributed to the stronger antioxidant activity. However,
with the extending of ultrasonic duration (90 min), antioxidant activity of RRTP did not continue to be enhanced. This
was probably due to the changes in regular helical conformation of RRTP, thus resulting in the reduced hydrogen
donor capability. Conclusion Ultrasound-assisted extraction is an efficient method to increase polysaccharide
extraction yield. Ultrasound with short extraction duration can improve antioxidant activity of polysaccharide by
lowering its molecular weight. This study will provide a theoretical reference for the application of
ultrasound-assisted extraction in reutilization of Rosa roxburghii tratt pomace.

KEY WORDS: Rosa roxburghii tratt pomace; polysaccharide; ultrasound-assisted extraction; structural

characterization; antioxidant activity
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8.8 J7 to QAT RIBAALIIG I THCRET, ZHOR e o 38 19 (S0 = 98%, 3 ERHE AT R 7)),
BT VEREFYES, FE R IRIR S LI T5 YL, 1- % JE -3 1 JE -5 i 0 Bk i (S-methyl-2-  phenyl-1,2-
DRI R R i v 5 (9 A D 5 ) S A TS A, R dihydropyrazol-3-one, PMP) . = % & [ (trifluoroacetic acid,
SBLR I Y 5 (LA BT T e FAT B TFA)(SrHrel, BT T A AL RH e A7 BRAA |, T84k

ZHEORR T REIO VNI, FARIE. e, e >99.5%, 15 Sp A AR AT B2 ));
WA I 265 A T 3O, S Sk a7 B MR B 22 (1 56 1 o AR
FERTA LI R BRIBL R P S A AP TF 2% (wiw, THE) o
AT, (R F T AR S Rosa roxburghiy 12 S RE
tratt pomace polysaccharide, RRTP)[{4RIE+ A R, F% FD-1C-50 ¥ ¥k TR 5 il A3 1 15 A PR A w));
RAEVPEEY RRTP HATUAMIEYE, HARBRIS  MELO4E P opHr Ry (0.0001 ¢ s #)-1E)) 2 {04 it
SIS T S R R IR 28 R B RRTP AU A AR HD; Q048R 3 18 R B DAL e 24 B S B AL AR b

SR B (%2, S > 95%, Sigma-Aldrich 24 w).
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TR A A F]); SCIENTZ-IID 875 By R (T i 2
IR S A BR S H); ReadMax 1900 Sl 4 i K il
BRI NS AE IR R F]); Waters 1515 = s308E i €4,
RS XBridge™ Cg t3i%4E | Ultrahydrogel 120 (300 mmx
7.8 mm, 6 m), 250 (300 mmx7.8 mm, 6 m), 2000 (300 mmx
7.8 mm, 12 m)EEK @ EFE (150 mmx4.6 mm, 5 m)(3E[EH
Waters 23 #)); Agilent 1260 Infinity 11 BERCIAH R 55 (E F
Agilent A H])o

1.3 W%

1.3.1 RRTP #44%

% CHEN 2RI 05k, meAEfele, fIFLRE A 7T
RIGRYRE, 3L 100 B, fffr T E52s TIRAR b . HEm
FREL 20.0 g HIBS SRR, DAZRIBK HRIOA R, &1
1:20 (w/w)iFAT R NSRRI . S 252 T3 400 W,
BRI 30°C, RIRHEAREG0, 45, 90 min), A
SET S ES.0(8000 /min, 15 min), FIFWZKFLRIELLEAE,
TS FEAFTEK B, #6505 (8000 r/min, 15 min)iitde
ULBE, I TK, BEHT(1000 Da), ¥V T4 FIA [l S
[f] %) RRTP-US30, RRTP-US45 , RRTP-US90,, #KEHL RRTP
FEET L 1:20 (w/w), 7 98°C R /KVAHRAL 4 h, 28 b idAH [F]
Ui BETK. B BHTE LRSS 3 HOK I
RRTP-HW. M)+ 2RI

LRI = L
Mo

Rrp, M TG RRTP SR04 i &, g; Mo
FIFRE T W, go
1.3.2 RRTP $9LF R EAK DA F M

SR FH R AR A A AR &, A€ 620 nm A0 E
F R OGRE, XRE S B AR T E . SR A Braford
WL U 2 VR AR, 7E 595 nmo AR E FE S
BE, XPRESL B A S R TN E . 2% SUN P 5 ik
FESE K 3 & B AT E o KRG B PR — 2 = 1 2R 0,
OREYIRE (M) B SCE T 100°CHEAR FFT T4
HEMMEREE, IDRHEEERM). BFEXQIITHE
WEEE S K.

K Y%= M =Ma L 100% )
M,

x100% (1

1.3.3 RRTP #945-F 20 &

K F R EE I HE BE 8 3% 75 (high-performance  gel
permeation chromatography, HPGPC)%} RRTP A4 #t4 7
TN g AR T 0.02% NaN; £ NaNO; (0.1 mol/L)
WWH, &8 022 pm U8 BEAE N RR IR S . @S A
Ultrahydrogel 120, 250, 2000 B¢, #EIER 50°C, FshH A&
0.02% NaNj 9 NaNO; (0.1 mol/L)/&T, i34 0.6 mL/min,
1.3.4 RRTP #§ #4540 50 &

SR FH PMP HERGAE Ak S80R AR (13575 (high-performance

liquid chromatography, HPLC)XJ 2 i i it B2 43354 7
Mg, 2% FAN ZMR 050k, WAEE.

(1)RRTP KK iR

¥ 3 mg ZHEFEMET 2 mL B0, A 1 mL ##4f
KRR, B2 10 mL ZHUMT, A 1 mL 4 mol/L Y TFA,
AT, R RS ek s, b2z B, BB 1
BT FRERA T, 75 110°C FHRK % 6 ho FRIFIS BIREM
WA 200 pL FHEEFH AR T, B4 3 IR LLZSER TFA,
IKET A | mL 2K AR, 152 2050 5 00 7K R -

(2)RRTP #J PMP fitA:4k

B 450 pL FRZHUKFERE T SmL E.08 T, A
450 uL 0.3 mol/L NaOH ¥l 450 uL 0.5 mol/L PMP Ff
W, 7 70°CT KB 100 min, WP H B EIR)GE,
FH 0.3 mol/L HCI 77 pH ZE k. I ASEARFA) =& F bt
PEATAEHL, T 3 IRAEHLLL BRERER PMP. LdE )27k A,
1 0.22 pm VB AR R FEIIRE & o

(3)HPLC 414

XBridge™ C ¢ 141 (150 mm*4.6 mm, 5 m), ik
1 mL/min. Fi8IAH A k7 15% 5 AR 2% 1998 (0.05 mol/L,
pH 6.9), Fishtl B i 40% 2 & R ER B0 2% #171(0.05 mol/L,
pH 6.9),

1.3.5 RRTP #44r9h ki

Z:25 MAO 2 i it 2 R Sl b A T A EL 21 4156
J&(Fourier transform infrared spectroscopy, FT-IR)¥I1f, il
SERESR B ERER] . B 200 mg WAL R S 1 mg ZAHEE A
BA U, BB S IR G R LR G R, 18
4000~400 cm " 45430 Bl P EA TLT AN REFI 4
1.3.6 RRTP #9387

(DI J5 g By s

S 25 ZR PO e 2 BRSO A J A TIE
Be il — R UAS R T o B2 19 Z2 AR AR (0.5 1.0, 1.5, 2.0,
2.5 f13.0 mg/mL), B 1.0 mL BEFERNA 2.5 mL 0.2 mol/L
TERREL 2 (pH=6.6)F11 2.5 mL 1.0% (whYdEALmEm,
TEPRS 10 s RAIIAIETE 50°CK N 30 min, S 4 HH
BHSIA 2.5 mL 10% (wh) =R LBA& IR, B0k
(3500 r/min, 10 min)H 2 mL E35# 5 0.4 mL 1% (w/v)& 1k
BR(Fe)M 2.0 mL ZEIBKIRA, WIEIRY 10 s RG2S G
TEE RN 10 min, DIZEIE/KAE 2 FHXTHR, 7E 700 nm
AL E W SERE . ARG (442 & C (vitamin C, VOEN
PR XS RE

(2)DPPH H 23 B2 A0 I &

% 2 C W S M Oy g xE £ B FE S DPPH
(2,2-Diphenyl-1-picrylhydrazyl, 2,2-B2KFE-1-757 3L PEIL) A
BRI BRI TN E o ] — ZR AN [R) o 1k B 1) W
MRVETR(0.2, 0.4, 0.6, 0.8, 1.0 Al 1.2 mg/mL), B 100 L
KBV 200 L 0.4 mmol/L DPPH FIE M, TRTENR
¥ 10 s IRG AR RSN 30 min, £E 517 nm AN EREN T
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FIE(4s); BL100 LEESIEBINA 200 LIk LB E A2 M, 78
517 nm AbIEWOGEE(4b); BX 100 L 7KANA 200 L 0.4 mmol/L
DPPH HI M VE S X IR, 7E 517 nm AT E WG (4o). LA
a1k B 14 VC AR Ky BRE XS B DPPH B Hi 335 %% = (3)
itHE:

DPPH H ZE 15 BR %/ %=1 -

(3)ABTS" H H L1 B F 4 I

% % KUT % PV 7 ik xF 2 B #f & ABTS'
[2,2°-Azino-bis-(3-ethylbenzthiazoline-6-sulphonate), 2,2-Hk
R-Z(3-LFH-TR I e -6-RE R ) — 8k +h] 11 B FR G BR kAT
%€ K 7 mmol/L ABTS 5 2.45 mmol/L K,S,04¥% 1:1 (V/V)
BA, IRV 12~16 h, FKHE ABTS™H 3B
FERHERE IR F)(0.7£0.02), 35] ABTS™H HEE A M. i
B— RN F o1 5 e B ) 2B S (0. 0.1, 0.2, 0.3,
0.4.0.5 1 0.6 mg/mL), B 50 L # 57 W A 200 L ABTS"
B i LA, W ETR T 10 sIRA 5156 10 min, 76
734 nm AL ERE S ROGEE (4s7); B 50 L JKAIA 200 L
ABTS™ H MBS A A2 A, 16 517 nm LI SERE(4b);

As— Ab
o

1x100%  (3)

AETTEWROERE(40%) . LARIHREER VC VE BHIERXT . ABTS”
F T BR R (@) 15

ABTS" I AR BR /%= [1 -

M] x100% 4)
Ao

1.4 HIEAIE
TR ELEME 3 K, KA Excel 16.0 & Origin
10.0 AbHEE K AR

2 HER55H

2.1 RRTPHIRE, KZFHEARREKDIEE
RRTP-HW . RRTP-US30, RRTP-US45, RRTP-US90
HIARRIP 5 2.22% . 3.00%. 3.70%. 3.70%. iZ&4EHRHE
BHAR X $HOKARIR, v B8 & RRTP (WIGR, HEFEHE
B T HOK SRR, 5 3 TC % o A5 R B R e 1) 2 58
SRR, R AR P s A AR T A I SR B B YD AT A
SR SR B SR A0 B RO 22 ARk, [ Bt R 7
SN P AV U R R AT B R R T A K 2
BRI, (E YR A 45 min 5, 2RISR ATH
Fhien, X AT RS R Sy il 25 SR [A) AY B, 22 W5 A5 R
IR RN R, M — e RIS, 2 WA R i
RFHR W, 15 2R, %88 35 30k bR
FHME BN R B SR 25 R —2S ) ik 1 AT,
RRTP-HW A& Bl i, 9 77.18%, RRTP-US #f5% A
WS BEE 60% I, X AT RE Tl 1 R R P RSk A
O TR, B k A FE o Bi I 2 1 J R AR e A

FINE, (A S R AT 2, RRTP-HW 2R (& i
1%, A 8.17%, BEA R B[] AYHEK, RRTP-US # 5 H ¥ &

S 10.33% N3] 15.00%, & H SRR £ ] i
BRI E R YR E Z —. RRTP &M &5
H3EINAT BES2 T 75 S BUE A B T IS I A it R
AR, R PR A BT AR A R, AR R O/ Hh B
NN, A, RRTP 4 F RS Bl S EEEZ TEAS
&, ZHERI R A O TR B 2R T NE
B B R AR, I 7 b AR e s A0 A Y T
FESTE IS 20 oy F Rk (S 2.3 o REIR -5,
[F] B 22 WV VR R B T o, (A BT 2080 F X R 41
F LB D, LRI Y A4 T 8 A 0 212X MAO 2
SRS B A RS B AN 2 25 R — 3. RRTP-HW 7K
I & N 10.93%, 5 RRTP-HW AH [, RRTP-US ¥& 4t H iy
KGR BEW D, KRR FRFESHEEREMTZ
TE1) TE ol B o 3 B 25 4 1230 K G A A I 235 4 P S,
TS EOK o B b

#1 RRIPHESE. EOSERKNEE
Table 1 Total sugar content and protein content of RRTP

HEdh BEESRY% HASEY% KSOER%
RRTP-HW 77.1843.21° 8.17+0.49° 10.93+0.74°
RRTP-US30  69.23+0.39" 10.33+4.24 6.42+1.58°
RRTP-US45  63.99+4.81° 11.38+4.38" 6.36+0.70°
RRTP-US90  74.97+0.26" 15.00+5.22° 7.02+1.05

1 ab,e FRER B, P<0.05, n=3,

2.2 RRTP HJEFEER

Bl 1y ol SR R TR 5 AR il & RRTP 1) HPLC £,
TEE, Z W R R B R LS TR 2. AR 2 ATA,
RRTP-HW . RRTP-US30. RRTP-US45 Hl RRTP-US90 )2
Y 2 FiOREmR K 8 O PRUBRZH B B 22 20, 4350
PRI . L FUNHWERRA T 0 . b R WA
WL CPEFUME . AHBE. BTRLRE . A8, 4 Fh RRTP Y8R
W LB e 22 5, (HILEER b bl e A — 5, Hip, 2
FURERIR & e fermn, HBEIRE AR 50% A4, AL
BE(ZIH 13%~16%) . FIRHAFHE(Z0 0 11%) . BAHE(Z98 5%)
FE BN 3%~5%), HAFRMELL S b7 LIIT 5% %
SR, R BRI 2R SRR T B,
CHEN 25218 7 5l B B B0 A 0 B4 0 W3 22 7 S PR A
e FUETE R 2 FIORHIE IR K T b . BAshE | A L b
B AFREFIACE 6 FhELBEZE O AH LE, RRTP A BB ZE Ay
%%, H RRTP (BHIERR 5 Lhit & THIZ 208 (13.51%).

23 RRTPHINFE
& 2 & RRTP {4 F 4 An B, M3 0Fha i
H 5 W3 3, RRTP-HW. RRTP-US30., RRTP-US45 Fi



5512 4]

REEA, G A DRI AR

RRTP-US90 ¥ 5 PN 4 T M 254 45 . 4147 1 B
HHFAERE A, S FRAZLM 10° Da [FKE 10* Da,
H 5 98.90% (8% 42.16%. 414> 2 AT RRAH
10° Da, oy b Fifi %5 48 75 BF o] A9 38 AL 1.10% E T+ =
57.84%, G RF XKL, S ARSI AR
BHHUIEARZ R 4> F it . BB R o = A (R 2 AU 25
SR EEBTY) Sy, (45 2R TR 2 b o7 iYL
bt R IR, 2H4 2 W5 BerE e, B4y 2
ST BTG, XU R ] A R S A T
2B, (EXHRS TR BEREMACE, X5 SHI
SR P 7 AR i 0 B S A SR — 8%, Bl S Se
TR 10° Da FERZE 10 Da J5, #A BIRRIRSCR
FV¥2%,

\ AN RRTP-US90
J\ A A RRTP-US45

=)
é 4\__/\—_]\;/\_/\/d\‘¢\—
= RRTP-US30
g
=
RRTP-HW
1 2 5
3 4 s 789 0
B
1 1 1 1
15 20 25 30 35
£ B4 Bif [A]/min

T BRSO L T ERNE; 2. A%0E; 3. AN 4. ATE PR
5. P FUAEEERR; 6. WIAINE; 7. UM 8. A 9. BTRLINE;
10. FHEHE
K1 RRTPHYHPLC A
Fig.1 HPLC spectras of RRTP

# 2 RRTP BIREHMR (%)
Table 2 Monosaccharide composition of RRTP (%)

B Y, RRTP-HW RRTP-US30 RRTP-US45 RRTP-US90

HEh 2.13 2.53 2.45 2.42
o 1.06 0.68 0.56 0.52
B0 5.42 4.85 5.19 5.40
WERRER 155 1.41 1.42 1.41
PR 49.98 52.43 55.16 54.67
ikl 4.92 4.76 522 491
FFURH 16.80 13.13 13.22 14.20
AHE 2.97 423 1.75 1.70

Baf R A4 11.26 10.57 10.97 11.24
R 3.90 5.42 4.05 3.53

& 205 e HpT A AL I S 85
3000 1
RRTP-US45
o 2000+ vl
= L RRTP-HW
£ 1500
1000 RRTP-US90
500 N§
0 1
0 10 20 30 40
13- B4 B5F 18] /min
[#2 RRTPHYHPGPCiEK
Fig.2 HPGPC spectra of RRTP
%3 RRTPHISFE
Table 3 Molecular weight of RRTP
PREEE/min - E¥STFE/Da HAH/%
26.677 1.427%10° 98.90
RRTP-HW
34.373 1.063%x10° 1.10
27.158 1.051x10° 60.54
RRTP-US30
33.976 1.369%10° 39.46
27.369 9.188x10* 58.82
RRTP-US45
33.964 1.379x10° 41.18
27.548 8.199x10* 42.16
RRTP-US90
33.568 1.775%10° 57.84

2.4 RRTP B9 #F

f & 3 ATAL REIJTE SR 4 F RRTP 214 g
JEH AR, EBE 2 A SR S . 3428 om ! FHIE B
T O-H M4t a4 iy v, 2B 2485181 & 41 N
AR, 2930 em ' BHE N C-H 48R 87 A= i A 55 Wk
Wbk, 1740 em™ 11620 cm™ FbT 94 B B Wi, 5%
I F C=0 X451 7E F R AL F2 5L (COOR) Hh 1) A 45 B 2

930 RRTP-US90 /\/‘

2
1740

3428
" RRTP-US45 |

1624
147

\
Vameiaiie
Val i
/ \

ARRE

I RRTP-HW | /’\ N

T

4000 3500 3000 2500 2000 1500 1000 500
K /em™!

3 RRTPIYFT-IRFEIA]
Fig.3 FT-IR spectras of RRTP
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T B R IL(COOH) H YA BRI 4R IR sh 2L, mT e 4 il
SRS, 5 SER—5, JEE 4 FhZ
PR IL R I F o W k. LA ERAE R 4 Fp 240
HAT TR Z 0 0 R IE R, LR P X 208 0 FRAE B R
TCUA IR K . 1420 et 1 1240 om™ BFT 1 B EG I
Wil i C-H 1925 ik sh A1 O-H #E R TR IR 87 A .
1E 1200~1000 cm ™' F5ECE 1 X [ 8 2 06 5 01 I 20 A PR
% C-0-C. C-O-H Ry shA K228,
2.5 RRTP BJIEHL 7

SRR B AT BT A AR TR AR A A H R R A R
B, 7E 700 nm A RFAEM IS0, TR RI R Bt S AR R iR
JREEST . IR 4A AT, 4 Fl RRTP (1438 J5RE 1 AE7E B 35
SO G R, BB A 22 0T v R T, AR ) RGO,
T AF] 3.0 mg/mL B, % Z M50 R RE T34k
SRk, (BT 2K G, kg 4 F
ZHHA R RE T I KAt . [FIR, 875 4 B3R RRTP if
JERE 1 T HOKSREUG 20, BAET Ve, R EEE S m
P 55 4K ¥ & VC>RRTP-US90/RRTP-US45>RRTP-US30>
RRTP-HW, 7EZHHIE &N 1.5 mg/mL B}, 4 f RRTP
R JEURE 7 4 37 1o A B 2 ORI HAK B BRI I R B
Z B (0OD705=0.185) . M ZWEFT MK EZ N 1.0 mg/mL B,
RRTP-US90 Fl RRTP-US45 if J5i i F7 -5 FH {7 25 POV 7 Ay

IR IR S B 2 M 5 g AR
IR RET]

DPPH [ AR P IR EE, M 5ERRAILS S
B, RS ORI E T A, 7 517 nm 2RI SEE RN,
Al VAT R BGE R B SIS RRRE S . RRTP 1 DPPH
A S bR AR ) B A 2 W B i 5R (B 4B), £ILH
] i B AR 6 & . RRTP-US90 Fl RRTP-US45 (4t
WETHEE] 0.8~1.2 mg/mL B, HyGKRELERAZ, HY
VC 1935 % BE 71 (91%) 3 A £ £F — . RRTP-US30 #01
RRTP-HW YT 435134 %) 1.0 mg/mL 45 1.2 mg/mL
B, FIEEARIRE] S VC B S R AH Y . RRTP Y DPPH
B LT B AE 1 SR 554 RRTP-US90/ RRTP-US45>
RRTP-US30>RRTP-HW., ABTS™H Hi3LEm EHLt @, 1
734 nm ALATFRIE RO, Y S IE BRI AR, AR RS
B, WA T RAEERRF N B B R, 5
DPPH [ i JEHEBREE 250, RRTP A ABTS' A B 355 %
FHAR BB R & 4C), H 24 ZHuk Tt 58—
W, 4 Fh 2R RRRE T IAGA RS Ve —3, a4 5Ih
0.30 mg/mL (RRTP-US90 #I RRTP-US45). 0.4 mg/mL
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Fig.4 Antioxidant activity of Rosa roxburghiitratt pomace polysaccharides
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