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Sulfation Modification and Properties Analysis of Soluble
Dietary Fiber from Rosa sterilis Pomace

SU Jingcheng, ZHANG Chuandan, FAN Fangyu'

(College of Life Science, Southwest Forestry University, Kunming 650224, China)

Abstract: In this paper, the Rosa sterilis soluble dietary fiber (RSDF) was used as raw material. The degree of substitution
was used as the evaluation index, the RSDF was modified by sulfate esterification (Sulfamic acid-N,N-dimethylformamide
method) and prepared sulfated soluble dietary fiber (SSDF). The influence of RSDF and N,N-dimethylformamide solid-
liquid ratio (g/mL), RSDF and sulfamic acid ratio (g/g), reaction time (min) and reaction temperature (°C) on the degree of
substitution were investigated, and three levels of the four single factors were selected for orthogonal test to obtain the best
esterification process. Finally, the difference between RSDF and SSDF was analyzed by infrared spectroscopy and
differential scanning calorimetry. The results showed that the optimal conditions were solid-liquid ratio of 1:80 g/mL,
sulfamic acid ratio of 1:4 g/g, reaction time of 195 min and reaction temperature of 80 “C. Under these conditions, the
substitution degree of SSDF was 1.84+0.19. Infrared spectrum showed that the characteristic peak of SSDF at 1254 ¢cm™
and 893 cm ' appeared after the sulfated modification, indicated that the sulfated was successful. Differential scanning
calorimetry analysis showed that the melting temperature of SSDF was 140 °C and its thermal stability was slightly lower
than RSDF.

Key words: sulfated; soluble dietary fiber; Rosa sterilis pomace; process optimization

Wi HER: 2022-07-12

HEWHE: ook X SR AL, Zdh4 “TATR"FFHEEATHRAEY (YNWR-QNBI-2018-046 ) .,
TEEBINT: Forfe (1997-) , B, MEAFR A, BFRF @) & Fein T, E-mail: 601117399@qq.com,

*BEEE: SFF (1979-) , B, ¥4, 3%, AF A F @ KRR Fade TS 4260 A, E-mail: fiy118@163.com,


https://doi.org/10.13386/j.issn1002-0306.2022070092
https://doi.org/10.13386/j.issn1002-0306.2022070092
mailto:601117399@qq.com

- 256 - 5 Tk BB 2023 4F 2 H
TeAFHIBL(Rosa sterilis) J& SRR PP RN, & & (CAS9012-54-8,35 U/mg) FARARSEAYIH ARG R
W, 4i2E3K CL B4t SSThgetnisy, AT INT 95% L. AL (60~90 °C) R Bu b

[ A 24 FH AN B S B IR R R e, B TS AR
TR Y UL 2 S el U A B, 1 ST IR TR O A
V54, HICKPRIBLIR S 2 A B I s S A s Lo R P
LR I i 22 ) B, e ek B e
AR R T —A~ EE ST R
RGBT £T 453 R vl PR RS T 21 4E (Soluble Dietary
Fiber, SDF) FIAS 5 P 1 & £F 4" (Insoluble Dietary
Fiber, IDF) . R &G 7 kB (FoK L | b5k | i
) HEHUAY SDF WG AN SR, i {2 A& f5 vl f# SDF
HLAE R NG P S N M ES . SRERER fh n] TG
B 214 (Sulfation Soluble Dietary Fiber, SSDF) J& 4%
ey v PR R R A 1 AT BT il — 2 2 DR
HRVEPEY) RO, SRRAENTS, IR M SRk s, 2k
YR PEThREME . WFSE R AR LS, B hn
sRERAL T HUAEAL . BUBEIMNL . B S RS, SR AR
LU ST R B IR s A A S RE R R B N iR
RAL SR TR 205 (SSGP) ¥% [ Hi L 15, A4 T ik
PERTAYER H B RIS AR M ERRE B 2B (SGP)
M 2.6 fif, LIANG 4502 ffF 5% 3R Wiy s 2 B S i IR i
U5 REG SR TEE N VG Tk, HAE RS A 5 0sE i 1G
PEIH R, CHEN 450 fF 58 3R W mg JIN 2 Wi iR 1k 1 7 |
A RES o AU B rvE R ) o R R L
B4 SRR TR - M P 251 Ve e 1 725 TG A e R s o ]
B, TR ALV S R AT, HaR st o 2
LA PR -N,N - FF 35 FH Pk B 1 2 DA S 3L 19 R TR 1k
7, NN H 56 FE ke A s 3R A T PR R AL ) 7 T o
IR AEDS W AL IE -N, N L k1 (DMF)
PARBRIR L R 2 b, 5 R HNR b (PR i HL
A R R AL, H NN T H 3L H R (DMF) X g
A S R A B a it o
EI AT A UL JCRF I B s n] VP T B T AR 1 iR
BEALBITST, H A FEaE MR -N,N . FF 3 FR ke AN By
FHEIBRIRTS b 772, X F IOk RIS v s MG 2T 4
PR IR IR AL RSCR A o PRI AR S DA S L iR A TR 1
7, NN B R e ki), B QB S da s, SR
AR -N,N - F B FH ey R R A ORI B ] 3%
PERE BT 4k, Jm i PR 2R 5 E A AU AR L T
25, S AT JOAF R B v A P R B T 4E (Rosa sterilis
Pomace Soluble Dietary Fiber, RSDF) FlI SSDF 4[4}
SIS S, LU JORF R AL B TR S
RSDF iR lR bR iS22
1 MRS
1.1 MRS5S
ToAFRIRL 7 R SR . NN
FRJL P Pl . SR TRa . =S 2k . Sk | BRRen
JAOCHERHE Oy A BR 2 A1, LA BR34BT
2ifi; T 2 Ve a-VERSTHE(CAS 9001-19-8, 4000 U/g) . i
Pk 1 (CAS9014-01-1, 200 U/mg) . £F 4k 2% [itg

2RI R H o

SB25-12DTDS #F i iEvEsy T UH S|
PR PR T IKA-RV 10 SrEUHERE 28 AL Rk
AR FRZS 75 UV-2600 %54k 0] WL 6 RE
it B EAUERE RS F]; DSC-204F1 22 /R 1 E 3
A B gt A A & A BR 2 F] ; IR Prestige-21 %
AENT AR ET AN R By AR A .
1.2 XFEE
1.2.1 FEaAbEE JoFFRIZLE 50 C BT 2 & KE
3% Jm, 2%, Byre, ik 60 H 7, B N 4ok He
1:15 g/mL A/ il EE, Z T 400 r/min #3E: 4 h
iR, FhuE, Bk . Kkl dE AR 2 1K, 50 °C
BETARIAETTHFRIBLKS, 4 °C & EMRATAH -
1.2.2 ToAFRIBYE nTIE RS E AT dEhil s S ARG
AP 7 Tk ) £ TG kT I B v TT T 4T 4E (Rosa
sterilis Soluble Dietary Fiber, RSDF), B&A &M . FK
Bl—xe B TCAF ALY, 1:25 g/mL R LN AZE
187K, 2 mol/L NaOH ¥ pH = 9.0, il A 6% #f =&
P it (RS e e g JoA T RIB s i, N IR o
55 °C JK#5 30 min J5 LA 1 mol/L BRI pH = 4.8, /il
A 8% & iiE a-TEBIEE, 90 °C KIS 45 min )5 BEK IS
10 min K, ¥ HIE =G, A 9% £F4E =1,
(250 W, 50 °C, 45 min), ¥B/K¥# K 10 min, BHIE
ZERJE, B0 (5500 r/min, 10 min) B FiEW . 70 °C
FEARKTEVRUTIE 2 h 1, R _LIRETE, 53R 0iElk
WS _IE W, BLES e s 2 FAARFR 173, BEUT 1 h(F
HZE 60 °C, 4 FAKRTHRY 95% ZEE), 85.0>(5500 r/min,
5 min), WEEDTHE, 50 °C T4, 4 °C HEEMAAF
1.2.3  JoAFRIRYGE nl A HERE AT 4E R ERIL =
RESCR [15—17] 4% SSDF, I8G1&8, FRE 1 g RSDF
5 NN S ket — B EETR A e B KIS
By, 35 3 S R e B JE A 24 B2, 200 r/min 7K
WP N — BER ] o SN 45 o e dGHUIA VKK
F1, P4 3 mol/L NaOH 75 I Wi ik pH = 7.0, 4 5k
L 95% L EEEEDL 12 h, Jo/K L BEIE e 2 8 ULIE /5
5500 r/min Z5.0> 10 min, $EEVIE. KB T/KERE
ZEMEIK BT (8000~14000 Da)3 d, 45 8 h #it 1 YUK, 7%
] 12 h #e 1 oK. WEESEPTIS N, Wedn 2 AR
FU1/3, 4 F5AF 95% ZEEREDT 12 h, B0 (5500 r/min,
5 min) WWERTLHE, 50 °C HLT-HI15 SSDF, 4 °C &%
e S
1.2.4 FRPIZSE
1.2.4.1 RHE EEXTBOCEE iy sEm 5 a2 2 A R L
1:3 g/g. X)WV IR 65 °C. Jx )W B} 18] 60 min, A 5%
RSDF 5 N,N — F 3t ik e Bl ¥ bk (1:60. 1:70,
1:80. 1:90., 1:100 g/mL)X} SSDF Hf GRS
1.2.4.2 SRS LT OPGBE s [ Rk bl
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1:70 g/mL. RV IRE 65 °C. 27t A] 60 min, BT
9% RSDF S&Eifigit(1:1.1:2,1:3.1:4.1:5 g/g)
X} SSDF BUfGEER N

1.2.4.3 S W B [a] %) O3 s i) [ a2 RH i Eb
1:70 g/mL ., LSRG 1:3 g/g. IWVIEE 65 °C, i
SESVEHAEI(15, 60, 105, 150, 195 min)X} SSDF HX
ARBERZ I

1.2.4.4 JWREXTEACEE A sZm [E 2 RBHE b
1:70 g/mL. EILMEWR Y 1:3 g/g. S HTIE] 60 min,
BT B (35, 50, 65, 80, 95 °C)%} SSDF Hft
R o

1.2.5 EASILS  BEHCEHRE L 2SR L. SN i
B OB TEIVE R IERS IS R 2, L SSDF BN
SR, RAIEASIRG T T 2001k, 1E28 53
FZARFEMEE 1,

#1IEZHEKEBOT

Table 1 Level of orthogonal factors
KT ARRRLL  BEJEEIRLL  CIALE DBZFJTEQ“I‘EH
(g/mL) (g/g) (cc) (min)
1 1:60 1:2 65 105
2 1:70 1:3 80 150
3 1:80 1:4 95 195

1.2.6 WM a2

1.2.6.1 FrifEphgksshil S HESCHR [18] £ hilbriErh
2o WEHL 1 mg/mL K,SO, B GA5FM 1 mol/mL
HCI) 0.02. 0.04. 0.08. 0.12, 0.16. 0.20 mL, /il A
1 mol/L HCI i H: B A FH ik 0.20 mL, I A 3.8 mL
3% =& LR (w/v) B2 1 mL 0.5% S Aba1-HH BV ik
(wiv), IREH5))EZE 1R T XA 20 min, 360 nm 37 1<
T SEEEE A, BL 1 mL 0.5% BHBSE R (w/v) R
A - e s v B R IR, OGS AL, LA
AR AR 22 T BN AR, (A -A,) MY BRE T LR
ARARAEINZR, 153 v=0.9353x—0.0271, R*>=0.9957,
1.2.6.2 FEFIRE  SRAHSEALE-BHERE L ko0 )
AEBUREE, FREL 100 mg SSDF # T 25 mL HL.Z£%
BEAE P, AL 10 mL 1 mol/L HCL, ¥ /K ¥ /K fi# 4 h,
1 mol/L HCI #MZE 10 mL, ¥ 3 2= 25 7 - W 52 K fii
W MERAZEL 0.2 mL /KRR, J5 22208218 1.2.6.1
AT, Fe (D) A BULE .

S(%):% & (D
1.62%S
DS_32—1.62><S A (@

e S RS SRR L, Y03 C JyiMRAE ik
B g/mL; V RPN SARTR, mL; W S BRERE & BT
o, g5 DS ARSI
1.2.7 fHH 4214863 (Fourier Transform Infrared,
FTIR) 734 SRIIRALHR R &2, b m e bl 5

TRACH ARIR S FHE T . TR ML A A
Ja WO, A LA S E AR, A IS L 500~
4000 cm™ ',
1.2.8 ZEnHi#E(Differential Scanning Calorimetry,
DSC)Z3 T BREL 5~10 mg L5 T4 I b, RIS
R A 25 At BE, ERIEETE Fl 35~250 °C, FHidiE
/& 10 °C/min, ZFH 20 mL/min,
1.3 HIEAIE

FARETEE 3 K, G50 A CRIEEprfE2E) R
o SRAEAE SPSS 20.0 X PAKIZPEFT Tukey 3E
PRI, e Origin 2018 VEE .
2 HBRESH
2.1 BEZRIE
2.1.1 B LbXT SSDF BUCE 2 NN . H EH
B S —FP L B A PG, XSG 5H L
G WA R AT, ST mmRNR b7k hig R
FHLEER, NN 358 FH X 2 JE st i e I e 41
AR 1R, E 1 R e X SSDF B A S
el 1 AT, B Rt VR LG B3 i 2 Sk KR R [
#&a#, RSDF 5 NN U b 1:70 g/mL
B35 B R BUR BE 0.69+0.05, #HE T 1:60 g/mL HUAt,
B 0.3420.02 $£T+T 102.9% . K& LR 1:70 g/mL
Ja B B3 T (P<0.05), 3X -5 s 220 iiFgR
ZHE AL, 3 B AR L BB AR E AL IR TR A0 SN 1) F
AT, BHRR LI R/ INES S SN R A 1A U B8 57 5 it
BN L/ NT 1:70 g/mL B 2245 5 S SL R R &R AN GE
BT T DMF Hh, P AEAR R T A5
R4 Z B AAS FE - S BB RIS . 2k ek
1:70 g/mL 425 1:100 g/mL B}, BUREEBETEAIR, 3
S R Sk e o B R LU, A RSDF 5 2 Jfitf il

R REAEEE AL T R T AR AR, B AR E
I FEH RSDF 5 &6 R P 1 B S W ) =2 8]
FH B 2l R AR T S8 SSDF BU U T .
0.8 a
0.7
" 0.6 b
205
04 ¢ c
o3} ! \;
02

1:60 1:70  1:80 1:90 1:100
BHREL (g/mL)
BT AN X U R R
Fig.1 Effect of different solid-liquid ratios on
degree of substitution

T AN]SR R R B 22 57 3 (P<0.05), [/ 2~I8] 4 TAl,

2.1.2 IR L XT SSDF BUCRE 2 A Lk iR
SR EARRRAR” , HA e H R, TR TSR AR A,
)G BRI SRR . hAR . AHFRAHL, FEmRRLHE 1 S R
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20234 2 A

5 &L . = AL AN R ER — R ER LA HE
AN HAR R R A4 (R TR v, (H 2 SR 18 S g 1
IS, 5 BAE SRS T ARRE A N . Bl 2 HANH]
SN IR L% SSDF B CEEpysgmm . /i I8 2 a] 0,
SSDF Hu A5 i 2 JE A iR Hb B3 hin &2 S i i 1 R
Fad, 55X 5L gORF ST 4k AR, SRS ER L N
1:1~1:3 g/g i, B CREBHIE A (P<0.05), £ 1:3 g/g
ISP RS SA B Be KA. 0.62£0.04 . HENI I FR SR 7 A= 14
JE DRl S S R LU AR, 2 VA4S 2R v S S R vk i
0, LIRS AL IRE AT -SOH AS 2L, 5 RSDF A4 4%
G0, BRI B AR RESE 4= EA 7, FEMTHURBERAR. &
FLRRR LI 1:3 g/g, SSDF BUCEEZ M I, 2442
FLREFR LN 105 g/g B EE A 0.38+0.02, &3t
AR L 1:3 g/g B 35 R 38.7%(P<0.05), HE I,
BRG 7= A S DR Sk S SR I I, SNAA Z2 192 B i = 12
151, WIS N ER 43 B S AN S iR TR Ak, £ S0k
PR MR B R T LR 2 DI, IR R R R
5 L) SR AR 25, S ma R

09r
0.8
0.7

a a
0.6 —
05
b b
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03
02F
0.1

12 3

1 12 13 14 1
TR (g/g)
B2 AR AR L X U R

Fig.2 Effect of different sulfamic acid ratios on
degree of substitution

2.1.3 SV AFTE]XT SSDF B m & 3 hRI[F
JZNE B TRDXG B G B s mi o ] 3 mT T, JNEESFE] 15~
150 min B E I FFHEH, H 15~60 min BUCEE
R s a] 8 4 f 0.25£0.01 44 28 0.64+0.06, 1] BEJ& 2
R BsF A /T 15 min B, 24 24 2 5 RSDF 422 fill Bt
[FIAS R, PRk S N AT AN FE 58 g B[R] o
15 min IS AL 2 B Hbe SSDF B S 227484 i (P<

L4

12} }\\\\\\
aol T/ i
I

04 (/

0.2

S VPR SO RERPRSEI
1] (min)
Pl 3 A IR] S RS ] Xk U EE S )

Fig.3 Effect of different reaction time on degree of substitution

0.05), 150 min B}IAFHRIE 1.11+0.16, FRRBEEH T
2 N B ORI T Ak B N P AT, S Bk
fiz 5 RSDF #ii iR fis 1k 19 s A B[] 2 150 min, 5
150 min AH k¥, 195 min BB CEE S 0.84+0.05, W3
BEART 24.32%(P<0.05), [RI A Bl S W IS [E]RE S, 2
FLAEFRE DMF H g s fide, Y50 T W ie vk, i ig
M TN EE LT A K4 58 RSDF F50 [ L A 22
PHEREE W T e 40, B RS R %

2.1.4 JMWIREXT SSDF BUCERm & 4 A%, HL
AREE R I 0 TR A3 i S B0 Se b fm ik adi . IO
R E 35~80 C, HUQEZEHTHL N, {H 35~50 °C X [H]
FEIIAS 25 (P>0.05 ), BRI SR iid B 365 B FAGEUN 5 ) T
72 i e 2= ) IR =1 S 5% e 21 ) 1 Y A8 e LRI P T & 3 R
n, ARIRES 53T s EE RS, ML 4, 3R
BTN R ASE A VIR 50~80 °C B, B CRE
SN (P<0.05); 4R ETE 80 °C A A i ]KH
ARJE 1.430.06, M TAT S5z B9 HH PR A S 07 1 1284 7 25
MR RISy T3 B, BN L%, SN i
A 95 °C B, BUREE R 1.3+0.11, %8 80 °C Fe RHU LB
/NIETR R (P>0.05) , 33X 2 R o i Bt e 1 R R,
FN i o 5 o) U B AT AR E R AR R P SR

20}
1.5} g a
o b !
1.0
=
0sf .
.
00}
35 50 65 80 95

TR (°C)
P4 ANTa] SO i B S BRURE 52 )
Fig.4 Effect of different reaction temperature on
degree of substitution

AR N, A4 AR BEASTR], a3 55 i a] 52
e e HSUAR R S i) e R, e IR i f st R vy, R fe R IR
Pk — A B4 i N>, DAIEL 3 RN 4 fz ik
H B IR B R AR S, Bl S S TR] (4 SE A S,
MREE T, WU R, X AT BB D s e £k i)
PSR I SN P B, AN SRR 22 U R BE 1 =4, ¢
BN A RS R — S R T .
22 EXRE
TERL RS0 SLa I, Foreb ik b . 2 LR L
S SFHSHA] | RN BEAE R IE A TG R 22, AT A
Shr, M 4 REE 3 K IESSR IS T 74047, 43
Mreb R UL 2. 1B 1, ST IR IR bt DR 2248
Uk C>D>A>B, RIS > I b st [a)> b be>%22
FLE R L, i a5 R 5 P R a5 R AT . R R
K {H%1, SSDF fAERRIL 51T R A;B,C,D5, XN
bt 1:80 g/mL. &AL 1:4 g/g. W IEEE 80 °C
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AN AHTE] 195 mine ARG I S48 786006, B
AREEA 1.84+0.19,

2 IERRK BT AR

Table 2 Design and results of orthogonal experiment

i oass A B c D 'TRvE
1 1 1 1 1 0.550.07
2 1 2 2 2 1.80+0.10
3 1 3 3 3 1.44£0.05
4 2 1 2 3 1.72+0.51
5 2 2 3 1 0.59+0.21
6 2 3 1 2 0.92:£0.02
7 3 1 3 2 1.58+0.46
8 3 2 1 3 1.23£0.31
9 3 3 2 1 1.75+0.40
K, 3.79 3.85 2.7 2.89
K, 3.23 3.62 527 430
K, 4.56 4.11 3.61 439
K, 1.26 1.28 0.90 0.96
k, 1.08 121 1.76 1.43
ks 1.52 1.37 1.20 1.46
R 133 0.49 257 1.50
C>D>A>B
A;B,C,D;

2.3 LISMKRIES R

LTAMGRE I e i AR Ak m] e et 4 oAb
R ZH B R AR AR, RSDF 5 SSDF 1AM
Bl 5 s, 3424 cm™' AEAE— AL SR BE 0 U Cig, 2%
W Wi 06 U9 51 7 RSDF 5 SSDF 43t O-H i1 45 ¥
3y, ZE LA SRR S B T TN s S Rl
SRR S VEA S 2 RIEETREET]ZN RSDF 5 SSDF
AR R RIS A, BEREIINGRAS H 4y TRl ArE
71, 5 RSDF L, SSDF A4 5 BRI A H FL/ 1N 3
W4, F2H SRR IR 28 2924 em ! b Y IgR [R
Sh C-H X5 R AR o Bk A 45 P 2h 5 R il W i i, T
T WY TR EIG, I T AT R AT 4 T
ZHEF—Fh . 1739 ecm™! AREYIR IS S C=O fifi
45 P Bh 51, 12 At A =5 5 ok YR T 4 25 0 R 00
1613 om™" ZbZAE 17 58 (W IS0 H B, T O-H 125
th¥Esh . SSDF 7E 1254 cm™' HY 30— 4b 23486 i 1 g
WS R AR BRI 2 AT S=0 (hZiR30, 893 em™!
b R AR 555 R KD XSE 1 C-O-S B AR 47 IR Sh AR AE 157

3424 SSDF

by 893

1254 775

9
1613

2924

4000 3500 3000 2500 2000 1500 1000 500
W (cm™)
5 RSDF ‘5 SSDF £L41ii%
Fig.5 Infrared spectra of RSDF and SSDF
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