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Optimization of Polysaccharide Extraction Process from Rosa rugosa
Residue and Analysis of Its Antioxidant Activity in Vitro
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Abstract: Rose flower residue, a major by-product of rose essential oil extraction, was used as the raw material in this
study. The extraction process of polysaccharides from rose flower residue was optimized using single factor experiments
combined with the Box-Behnken response surface method, with ultrasonic assistance and a composite enzyme treatment of
cellulase and pectinase. The in vitro antioxidant activity of the polysaccharides was also investigated. Results showed that
under the conditions of a material-to-liquid ratio of 1:15, a composite enzyme addition (cellulase to pectinase at a 1: 1 ratio)

of 1.9%, an enzymatic hydrolysis temperature of 47 °C, and a duration of 84.5 min, the yield of polysaccharides from rose
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flower residue was 4.308%+0.03%. In vitro antioxidant tests showed that the rose flower residue polysaccharides had strong

overall antioxidant capacity. At a polysaccharide solution concentration of 5 mg/mL, the FRAP value was 0.30, with strong

scavenging abilities against DPPH- and ABTS"-, with scavenging rates of 98.93% and 92.19%, respectively. A weaker

scavenging ability against O, -, with a scavenging rate of 24.93%. Meanwhile, the IC,, value of DPPH-, ABTS™, O,

respective clearance capacity was 0.357, 0.608, and 64.206 mg/mL. This research provides a theoretical basis for the

recycling and reuse of rose flower residue.

Key words: Rosa rugose residue; complex enzymes; polysaccharides; response surface analysis; antioxidant activity
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INTE] HH-600 RUTEIRK IS 5 2% 0 T R T AES
AR T PHS-3C 2 pH i1 EVGAX Rl E8 A%
AR F] IKA RV10 digital BUEFEZE &AL 151

BTN (B3R A FRA T S
1.2 SEWFHE
1.2.1 IR ZHEIRICT 2 BOIRAEE 24t
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ARSI o LAAK SRS, 1 A i B 2 8 35,
40. 45. 50. 55 °C, ZEL ML X SO AR s 2 Hi15
SRS o LAZK R 5, K g i1 8 30, 60,
90. 120, 150 min, 25 ZL A1 0T BOERIE# 26515
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Table 1 Factors and levels used in response surface design

IR
H#E
-1 0 1
ARHE H(g/mL) 1:10 1:15 1:20
BE AN (%) 15 2.0 2.5
CREfRIELE (C) 40 45 50
D (min) 30 60 90
1.2.4 BORIEE 2T R0ITE
1.2.4.1 FHEFEPRAERIZRAIHRIME IS RECT =R
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TEH A IC/K A 290 25 mg T 250 mL &M, FHK
RE S B2 LA AR A R UE TS U, LR B R
47 0.02, 0.04. 0.06. 0.08. 0.1 mg/mL, U [FIHE
HEIBEA WSS 1 mL, LA 5% 28y 0.5 mL, ¥R AR
2.5 mL, IRAIE T 90 °C /KR H Nk 30 min, &4
FEE, T 490 nm EADERE RIROGREE . LA 20
PRUESL U EE C(mg/mL) AREALDR, IOGEE A Ak
T, 20 il 48T 25 MR AR A I 22, 15 [ )T 7 f2 A=5.848C+
0.0637, R*>=0.9999.,

1.2.42 HEAEWE Z 900 E S AR 2R
P -T2 S) JURE R AC T P I AR, ¥ 1.2.2
AN TR] S5 A4 T 45 2 1 B B AR T 2 P K F 50 mL
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. CxV
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mL; V A RE SRR L, mLs; W R TR, g;
n RS EL

1.2.5 BITEALBE S (T-AOC)ME 2% Birhanie
SRV T, WA TSN, FH FRAP 58 B AL £
W EPTEALRE T . 45 30 mmol/L Z R 4N ZE thifk
0.1 mmol/mL TPTZ % # . 0.03 mol/mL FeCl; ¥,
2 10:1:1 ILBNESBCH FRAP TAEW, FeHl4r/S
JCE T 37 °C, MECHH . LA 1 mmol/L FeSO, Atx
HEY) ot @ 57 FRAP prifE il e, 15 2] 13 5 72 y=
0.2295x—0.0184, R>=0.9979. H{ 1.5 mL FRAP T {E
WY 50 pL FFME IR S), EIRE 4 min 5 7E
593 nm AL E W SGREE . LA FRAP {EAC R BIMAEL 5
BB PLEALRE ST . 1 FRAP ¥i{5i=1 mmol/L FeSO,,
BIAE 5 Pe S AL BB T AH > T Fe¥ " 9% 34 5 il Fe* 119
mmol %,

1.2.6 ABTS'H HFE(ABTS  )IEMRAESIINIE =
e EAEU YTk, FEVEME R, D2 BB AR T 22k
X ABTS™ AYTEBREE T o Bf 7 mmol/L Y ABTS 7K
W5 2.45 mmol/mL K,S,0q /KIFW 1:1 1R A il &
ABTS B, T 4 C VK& fF. I, FAJOK B
ks ABTS BERAS HIOGEETE 0.7+0.1, fE ABTS
TAEW T TR . B 0.1 mL 73500 B B AL 15 22 B0
W5 1.9 mL ABTS TAEMKIR &, #OGHE 6 min )5,
TE 734 nm AEIASOSEIE Ao PAJG/K ZBsAE: T4
W, A CIE Ao LAJGK S BRI R, A
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A -A,

0
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1.2.7 DPPH H 3L (DPPH- ) WESEE Il =
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AR o S50 2H HARE I BB AR s ZZ WA W 0.5 mL
5 0.5 mL 0.2 mmol/LDPPH ¥ #& iR &, G i &
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A U120 ) S BB AR T 220 o AU B T TS R BE
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YEi55]—; FH 10 mmol/L HCI B 3 mmol/L $B2E =
PRI I, VIR s FH 5% Ve B (2 1k 59)) AR5
=5 R — 5350 A AT T 25 C KdE AR IR
20 min, SEEGLH: 180 pL 37—, 30 pL R EERAE
WS 20 pL 1RF IR A1 E = T Y
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B, AN AT T A B EEEERR. TR
Ry (1
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1.2.9 ICsfH Y13 >R A IBM SPSS Statistics
X} B8R B TR T B A T o T B, A5 AN TR A
FHFEIE R 1C, 1H-
1.3 HIEAIE

BPn B PR ] Excel 2010 41424036475 BN 25
55 AR SN AAARTE PEUF ST . 3 MR SPSS
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SR, WO A, S LE R O I E bR UE Ty 25 5%
RNo >KJH OriginPro 2021 HA4-H1 T4
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2.1.1 BRI R sgm LK ST, e
FIIE 360 W, iR EE 45 °C, & &N & A
2.0% HIZ&F F#ES 90 min, HIE 1 A%, BEE 757
FHiRG 22, ZZHH1S R S SEH NS sl N a3, 45
S TR S B B TS I s 79 v, XeF B 1 it
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Fig.1 Effects of solid-liquid ratio on yield of polysaccharide

3.75%. JTLAVEPEIE B ERAL I 2 BEHE B R L
K1:15,
2.1.2 ARG 2SR5 LUK %
I, FEANR EE S 1:20, B TR 360 W, [l fif 7 &
45 °C B4 F A 90 min, FHIE 2 AT AL, BEE &
BEAS I G 22, Z20i75 38 528 IS I s ms A va/ i
JEBECRRREY . ME SRR 2.0% B, £
BRI, N 3.67%.. MESBEFRINEIKRKT 2.0%
A, 2B RARE I A i, n] GES2 il T RS I E
2.0% AT, BOERAE S W o0 4, 2B IR B
LAl BT SRR B ECERAL 1 22 R I A AT
whnsh 2.0%.
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Fig.2 Effects of compound enzyme addition amount on yield
of polysaccharide
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Fig.3 Effects of enzymolysis temperature on yield
of polysaccharide

BHE LR 1:20, RIS 360 W, B & BFg =N
2.0% MY F T AEAE 90 min, HHIEl 3 IS0, [ Bfd
IR T, PSR EISCRINE RN S, 5
JE T HeHE s WA, $ i 2 HE A%, (R
B, AR TS AT eI T, [RIEE R e,
WRARFR 1 7K T 2515 TR AR, VR IR BEBER R, 7S
ROV, SN Z2BEAS R YRR Sl 45 °C
B, 29 ZRR I, S 3.83%., T LI sE BT E B AL
W IR I BRI 45 Co

2.1.4 ERfEETXT 2SR5 DK, &
FEIRCA 360 W, FERNR LA 1:20, 5 BN IN&
A 2.5%, BRI E R 45 C SR A . HIE 4
T, B A A B R B 0, 22 ME AR R S IR Y
#a YRR 60 min BF, 2SR K, N
4.14%, TiJe, BT 2 W in, {2 2 R UG
BEAG . A AR i A i ™ A= i) B AL RE I i 2R
FABE, FERE A IVERTT, HoAb2 ol 31— (IR,
(FHR RNHTEN; 20 E th 2SS A b e
AHEEE, F R o P AR e e R AR W, (i
HOERPEIRRPO N AT B 03, 2 & =
LS ] — 2 IR, T BRI RRRAC, Frliik
PRI HHORA T ZWEPR U FE#EHS S 60 min.
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Fig.4 Effects of enzymolysis duration on yield
of polysaccharide

2.2 MEREEIRTEE ZHEREUAEESR
2.2.1 Box-Behnken i3 45 R 5081  LIEERAL &
T BRI S EAR AR, A BRE L . B AN
. C BEFIREE . D MHEaT AR R R B U 2
IR B TR o 3B TT FE I IR L 2, BT
ZE5HT B PR B DLER 3.
iR ER 3 A, IR FAE RS (F=32.22),
P B (P<0.0001), 2 HH 0 )3 17 [B] A IR 5 55
SAUIF P=0.6027, Am 3, UL FEEE PRI 3 Xy 45
M /N o PERE R RP=0.9700, 1% 1E J5 R %L
R?4=0.9411, UL iZAE B S5 g0 U5 8. 753K 3
Hh, —RITUEHR EL (A, B A BFgs N (B), Wik
(C)IY P<0.05, it 1< (D) 4 P<0.01, 6RH X pU-4~
IR 22 ] BB A6 T 22 B A SR 2 i) e 5 AR R FE



- 196 - 0 Tl B

20254F 1 H

22 Box-Behnken i3 M gh
Table 2 Design and results of Box-Behnken test

3 MR ETARTT 2 T AR

Table 3 Response surface variance analysis

RIS AR LL BEABTSINE CREATIEE DEFFAK MR (%) WA FEM BRE B3 Fld Pld T
1 0 1 1 0 3.1120.12 el 123 14 0.8786 3233 0.0001 ok
2 0 0 -1 -1 3.42+0.29 A 0.1996 1 0.1996  7.34 0.0169 *
3 0 0 0 0 4.99+0.36 B 0.1666 1 0.1666  6.13 0.0267 *
4 -1 0 0 -1 3.34+0.18 c 0.1824 1 0.1824  6.71 0.0214 *
5 0 -1 1 0 3.1120.12 D 0.4589 1 0.4589  16.88  0.0011 o
6 -1 0 0 1 3.99+0.21 AB 0.2583 1 0.2583 9.5 0.0081 ok
7 0 0 -1 1 3.59+0.16 AC 0.0607 1 0.0607  2.23 0.1574
8 0 1 -1 0 3.29+0.22 AD 0.0626 1 0.0626 23 0.1515
9 0 0 0 0 4.79+0.18 BC 0.033 1 0.033 1.21 0.2893
10 1 0 1 0 2.52+0.23 BD 0.0125 1 0.0125 0.4584  0.5094
11 0 -1 0 1 3.51£0.31 CD 0.0907 1 0.0907  3.34 0.0892
12 -1 0 1 0 3.10+0.13 A? 4.64 1 464  170.87  <0.0001 *E
13 1 0 0 1 3.31£0.17 B? 4.05 1 405 14892  0.0001 ok
14 1 1 0 0 3.56+0.15 c 5.75 1 575 21148 <0.0001 o
15 0 1 0 1 3.60+0.21 D? 1.94 1 1.94 71.42 0.0001 sk
13 g (1) (1) ‘11 z':éig;; % 03805 14 00272
18 0 0 0 0 1592023 95%‘51&1‘ 0.2644 10 0.0264 0.8873  0.6027 ARE
19 ) 0 0 3 3162016 AR 0.1192 4 0.0298
20 0 -1 -1 0 2.930.12 B2 1268 28
21 -1 1 0 0 3.06+0.12 R 09700 R 09411
2 ! 0 0 3.24£0.31 HE: *:0.01<P<0.05, #7822 503 **: P<0.01, Rl i3
23 0 0 0 0 4.65+£0.23
24 0 -1 0 -1 3.100.17 o LA 1] AL s
o o 0 o 0 1035022 FH AL -G A5 BT T R A
26 1 -1 0 0 2.7240.33 Y=4.79—0.129A+0.1178B—0.1233C+0.1955D+
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