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Abstract: The structural modification of Rosa sterilis pomace soluble dietary fiber (RSDF) was performed through the
sulfamic acid-N,N-dimethylformamide method to obtain sulfated Rosa sterilis pomace soluble dietary fiber (SSDF). The
adsorption characteristics and mechanism of SSDF on nitrite, cholesterol, and three bile salts (sodium taurocholate, sodium
glycochenodeoxycholate, and sodium cholate) were systematically investigated by analyzing adsorption kinetics and
isothermal adsorption model under varying additions, including additive amount, adsorption times, and initial solution

concentrations. The results showed that the sulfuric acid esterification modification significantly improved the adsorption
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capacity of SSDF for nitrite. At an addition amount of 100 mg, SSDF exhibited a higher adsorption amount (34.84 mg/g)
and adsorption rate (68.94%) compared to RSDF (29.01 mg/g, 34.24%). For cholesterol adsorption, the difference between
SSDF and RSDF was minimal. However, SSDF demonstrated superior performance within a short time (<30 min). The

adsorption of nitrite onto cholesterol by SSDF and RSDF was suitable to be fitted by quasi-secondary kinetics and

Freundlich model. Furthermore, SSDF exhibited a better adsorption characteristic for cholate, especially for sodium cholate,

achieving a maximum adsorption rate of 90.31%. The adsorption process was in accordance with the Freundlich model

fitting (R>>0.9534). This study has the potential to provide theoretical insights into enhancing the adsorption capacity and

utilization efficiency of soluble dietary fiber in Rosa sterilis pomace. Furthermore, these results can establish a scientific

foundation for the application of sulfated modified dietary fiber in human health regulation.

Key words: Rose sterilis pomace; soluble dietary fiber; sulfuric acid esterification modification; adsorption kinetics model;
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AL Ui : B 16.4 mL 1 mol/L L&, I A 10 g B &
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iR EL &1/, SSDF Fll RSDF 43 25 4 B 2 e Jff
VA IR R, (R VAT SR A I VA R £k 03T 1l

. JIFLL SSDF Fi1 RSDF W FfHa/IN, W B %8 o A
FRELM S = 0, SSDF F1 RSDF W [ 5 ICH B 439 o5
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TR B S E A R SE SSDF Fl RSDF 14 3V fitd 1% £k
e K ALER, 18] 2 A1 1 n] %0, SSDF F1 RSDF
WE—Z 5h J1 A5 TR R? g 0.8205., 0.7844, i 2 3h
Fi=EAER R? Sl 0.9957., 0.9970, #iE B ) 2f A
BRI GAE & TUHE— 3 Jj i, 56 i

AR BE — 30, UA MR . ME— R B Ty 2R Rl 1

4 H SSDF Fl1 RSDF X MV.AiF fiR £k~ 7 [ 1 (g ) A
47.77. 32.37 mg/g; E B SIS Y SSDF
Il RSDF 114 q, & 35.21. 28.82 mg/g, #E L5l J12#
TSPl B b 55 S BRI S S T . sl )

2EARRUSE B FH TR LAY 8O 3= S AP ER fHd R,
HE 2B 12 0 TR BRI b AL R eAE, B
A2 B S =2 R f i 2P, SSDF A1 RSDF X
PR BRI T VA PR ER 1 W BR824 A5,
R of ik s il A B T 3= A A F I o
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fif ] (min)

051 = SSDF
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HF1H] (min)
B2 AR MR sh ) A AR ek I
Fig.2 Fitting linear diagram of nitrite adsorption kinetics model

T (A8 27 (B3 172,

R AR B A B SR

Table 1

Parameters of nitrite adsorption kinetics model

HE—2 Bl 12

W G

F

k,(min™") q.(mg/g) R k, [¢/(mg-min)] q.(mg/g) R
SSDF 0.0672 47.77 0.8205 0.0084 35.21 0.9957
RSDF 0.0630 32.37 0.7844 0.0131 28.82 0.9970

1: RSDF: JoAF AL n v Pt £ 27 4k; SSDF: B2 fs L st AYRSDF; #62~25[] .



%478 % ol B B, 4 SURRBR A TTRA S T P 2T AR SRR SR BT AAS N - 101 -

2.1.3 VA R ik A5 R W AR S At X) SSDF Al
RSDF WM AH AR AR )i F2i#4T Langmuir A1 Freun-
dlich 857K AL G . $LE S0 T, Langmuir 75
B LL c/q, X o, VELE LA Freundlich J7 #2 7 LA
Inq, X Inc, {E£R M4/ . Langmuir A1 Freundlich 45
R LK 3, SR 2,

Aol

1ol /

0.8

c/q.

0.6

0.4+t .

0.2-/

0 5 1lo 1'5 2‘0 2‘5 310
C. (ug/mL)

= SSDF
s RSDF

®B) 36} .
34} { A
32
3.0}
s 28}

247}
22¢
201
1.8
1.6
0

4+ RSDF

05 10 15 20 25 30 35
Inc,

K3 AR AR S5 R BB R 5 2t P
Fig.3 Fitting linear diagram of nitrite isothermal
adsorption model

7#: (A)Langmuir #%; (B)Freundlich £,

Langmuir #5%% R? 4 0.6241. 0.8659, Freundlich
AT R? f7 0.9830. 0.9870., Langmuir A&7, FHif
B R B 25 i1 q,, 5 S B i W B i A7 FE B 25
5%, 1Mi Freundlich #5551 58 Pg 46L& BETH &y . Kk,
Freundlich f% % 55 3% F iR SSDF F1 RSDF X V. fif§
PR (X I [}, Freundlich LAY R — 2886202, i
8 B 3t At S R B BB AT B S  AN I — 1 2 53 2 R
PR, SV Al 1R SR R R R 25 AF T AT RE LA HNO, 43T 5%,
NO, & FIERAFAE, Ho SRS R s i | 5%
FEEEA S A BEAE RS & Freundlich B8 1Y 2 )2
W BB R n B R IR W BRSO 25 i S, T
B PZ [ e 3 S ST P, R/ IN—JAE 2~10 B EI Y . n<1
Ff, W RV 255 1<n<2 B, MRV T R 465 n>2 B,
W RHEIDL SRR . g5 53], SSDF(1.154) F1 RSDF

(1.196) 14 n (BT 1, & BH I X VA4 122 &6 1 W
MHYERZREL R 4. B Freundlich AR RUAHSC L Ink,
{E AT & Y SSDF 1 RSDF MV filf %2 £k W [t GE 158 55,
SSDF i Ink, B = T RSDF(1.8338>0.4727), F&HH
W (75 o s . 25 L, FEMRPEIREE T, SSDF Y IEAH
FRERIL B GE 1L T RSDF
2.2 RSDF # SSDF AYRBEIEZ0N 414 5347
2.2.1 AR[EINZEXT RSDFE F1 SSDF 4 AE [ Pist ik [
PERGSEI SDF RENSSS G IR ESE, 37 1B ek 17 T
Wiz, PATTTREAR i 3% A i RSBSOS A B T30 i
BB, MR KO- AnEl 4(A) i, SSDF
Fi1 RSDF 14 IH [ P2 965 2 BrASE ot 5 00 o (g 285 1 i sl
7N, W BRI R . MR RS IR R, R PR
i AT R AR RE 54 22, AN R LAGS & R TH [
53F, W SR A A 58 4 T i, LS IR SF A v 1T AL
B ZRAEG; USRS, o A R T ARG R, J2 ik A ] e
TR B R, e A v W R st (] 0 L ] e B AN A, i
Nt 22, SSDF Fl RSDF W [ {37 f5 R fE 4= #E 9k
AR 437 o 0, W s/ . SDF AR B HLA 3 Ak
P, BEAS SN, R rETE AR AK, dE b
FEXFIE I, R 2N, IS 0.2%(w/v)
A, SSDF #I1 RSDF 114 W [t & 43 51 o 263.68 mg/g.
300.17 mg/g; 4 ¥ & S~ 2%(w/v) B}, SSDF Hi
RSDF W [ & 43 3}y 29.84 mg/g. 32.02 mg/g, Wi
R B i g 22 BB BEASE S AR I I s/ N e 2SI
BATE 1.2%~2%(w/v) I}, SSDF F1 RSDF Xt 1H [ fE (1Y)
W Rfh 2 1 A, FEARBAEAE 60% 24, H LA
SSDF #1 RSDF FEZ NN 1.2% (w/v) B Xt AH [#] s iz
[{apraI R

& 4(B) Shy U S5 s Ta] X A ot 2 [of AL 3] Pt i 1)
0 . 10~30 min B, SSDF W B 2% 5 0 T- RSDF,
SSDF it & J& Hsf 8] % BfFAE [E B2 . 30~120 min, SSDF
1 RSDF 114 Wz B 4 A B 22038 Wi s TR e, I ik
B i KAH , SSDF 114 $5c R W [k 1 I 56 252 43 53 Sy
28.01 mg/g F1 53.85%, 1 RSDF e AW B ATk
=535 30.33 mg/g Fil 58.61%. SSDF TEJHHA]
(=30 min) R T, {H SSDF #1 RSDF & AJIH
[ PR BRF e SR 2E A AN (2 o FERTURW B B BE, AR bh S
JIEL 31 P T i, RS ] S I [ P 3338 o Pt
it 2 T TR AN A, R OF o 5 T o S5 22 B Tk s TR
[ e BAR B, P332 A A 2 T [ A s IR
T, WS BRI B3 TP [ 4(C) Sy I [T e
e B X A O W BRF AE ] R BB A9 2 i, SSDF I

# 2 AHPRER A W B R AR S KL

Table 2 Parameters related to nitrite isothermal adsorption model

. Langmuirf& 7y Freundlich#¥:7)
i SRR a(mg/e) K R R n Ink, R
SSDF ¢/q.=0.0173xc+0.1787 57.80 0.0968 0.8659 Inq,=0.6482xInc+1.8338 1.154 1.8338 0.9870
RSDF c./q, =0.0113%c +0.7799 88.50 0.0145 0.6241 Inq,=0.8359xInc,+0.4727 1.196 0.4727 0.9830
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Fig.4 Effect of different factors on the cholesterol adsorption
characteristics of SSDF and RSDF

H: ARNG FBE4 5378 20 9 SSDF Al RSDF F) I Fff 42t
W B 3 B W 2k 25 57 (P<0.05) o

RSDF JIH [ stz S e Breve B 84 i 1 BB ARG S, W B3
ARy IR R TP 1530 N & S = ] N =5 = PS by SN
Pt e B2 AR T, ¥ U v IEL [ it 535 B 5 /b, SSDF Al
RSDF KA FAER 25 AW B a5 % e B A5, I
H. SSDF Fil RSDF - 7EFEHL A5 H M L A1 g 5 HH [
BT AFA G o BB AR AR TEIRTERI ZIR T KA
PEE LT A% AR R W B AR, R BRI AR 7K AN
VAR B 2T 24 () W ek i L 3] P VR e S22 1) v T
T, A AR S 2 A

2.2.2 JAHMEEEWRSh S22 8 K& 5 SRS EERY S

- 102 - B Tl B4 2026 4F 3 A
(A 3301 rspFmitit ——ssprmgt 1% JI2ERE R A TR, 3% 3 S AH S %L, SSDF il RSDF
300 ' -+- RSDFUR{H - «- SSDFEHEH | WE— G Bl JI M S R A R? Ol 0.9456, 0.9737,
250 — WE g B J1 AR R? Dl 0.9989 . 0.9981, #E 2% 5))
E 160 & g . A - _
£ 200 s TSRO R SO 1, S ORI o )
& 150 140 E Ap AR A5 Yy SSDF il RSDF FHL i 0 fff it (qe) 4351
= 100 . A1 32.74 i1 20.78 mg/g, HE G Bl F12E A RIS Y
50 q. 73k 27.93 F1 31.05 mg/g, Kk, #E 28 J12#
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Fig.5 Fitting linear diagram of cholesterol adsorption
kinetics model
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Table 3 Parameters of cholesterol adsorption kinetic model

i eI PR DR

e Sy

Fedh

k, q.(mg/g) R? k, q.(mg/g) R?
SSDF  0.2486 32.74 0.9456 0.0928 27.93 0.9989
RSDF  0.0730 20.78 0.9737 0.0128 31.05 0.9981

2.2.3  JIH[EEELAE R AR T T 6 Sk H [ s AE
VR MRS RIIL A K], 32 4 HAHSESE, Langmuir 481
e AR R? Sl 0.7540. 0.8332, Freundlich 2533 W [
R R? 2N 0.9574, 0.9778, Ja B 1A R o, 40l

4 IR AL I P AR T AR G S

Table 4 Parameters of cholesterol isothermal adsorption model

Langmuirf& 74

Feundlichf& 7

FEfh .

Sl T e q,(mg/g) k. ik TR n Ink, R
SSDF  ¢/q.=0.012%c,+0.0074 7751 17432 07540 Inq,=0.8227xInc +4.2998 12155 42998  0.9574
RSDF €./q.=0.012xc+0.0064 81.30 1.9218 0.8332 Inq,=0.7987xInc+4.3749 1.2520 4.3749 0.9778
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2R 5 S m2Z 5 /)N, SSDF Fll RSDF X AH 3 A4 WK ¥t
AP Freundlich B85, W M AL hy 253 )2 B,
WEA Py PR I | b AH VR, A R A P R A

5 H E RS T r 4G 4E M o SSDF A1 RSDF fY Ink,
{5551~ 4.2998 Fil 4.3749, # FH2% 0.0751, BEH
SSDF # RSDF [¥/JH[E1Es% B HE ST AH2EAN K .

2.3 SSDF HIPBEREL IR BT &E
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FTELE I, PeBREE A W R BESC 4T 1) SSDF 1 1/
AEERELR RIS . AR 90% DL _EABYTAR LAZE AR
2 . H 2R FIIRFREN A4, G B AP AE, ixX sl
G N EE BRI A S, RS s ER .
SDF 5 B ARRER , Ty H B m s, 36 e A

(A) 0.014 1
0.013 ) T ZZ AR [E A DO AR ER, DA R ML & ) A ]
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& 0.010} WG 5f 2 i ) I 2, T [ 3R A2 T L S A T
0.009 SEAfiT . SSDF WM 2.5% (w/v) sk, %7 =Fh AR
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Fig.6 Fitting diagram of cholesterol isotherm adsorption model
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Fig.7 Effects of different factors on the adsorption characteristics of bile salts from SSDF
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Fig.8 Fitting linear diagram of cholate isothermal adsorption model
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Table 5 Parameters of cholate isothermal adsorption model

Langmuirfk £

Freundlichf& 7

JlETzEnN
EW T q,(mg/g) k. R TR n Ink, R
- fitk IR 4 ¢./q,=0.1945%¢c+0.0126 5.1414 15.4377 0.9434 Inq,=0.6351xInc,+2.6825 1.5746 2.6825 0.9912
HE R ¢./q,=0.1981x¢,+0.0201 5.0480 9.8557 0.7905 Inq,=0.7078xInc,+2.6051 1.4128 2.6051 0.9816
il ¢,/q,=0.0483%c,+0.0041 20.7039 11.7800 0.7158 Inq,=0.6886xInc,+4.0893 1.4522 4.089 0.9534

2 B, I 5 T SR EsE TRTBE, ASSBAR S S A P18 v 9516
SYIRPRER Sy T AR SERT ) RN, FHEAR ST
B4 SSDF _I, W [ A4 i b 5 Ao TR) M G20 i3k 2
15, VAR R LR AR IRRREL S e (H. T
ST B N T BT B 1, JIT LA B ) AR AN
JATF e MR & 7(B)~E 7(F) AR PR ER e B X
R B IR EL MEBE A SE NN . SSDF X = Fh IR £
IR Sfe-E2 It A P e e 4 22 T BB, T2 OS5 0|
ARFREL A BER NS I Hu ) TR, Bofata TP, ANRR
FhUEEAE 0.05 mmol/L B, JHAREN . 2F i IHAREN . H
ZNEFR AN B /N, 43328 3.96. 1.03. 0.59 mg/g,
EL g Bt 3R e RS, 43531 R 88.68% . 85.14% . 84.05%
IR EE T, SSDF =L (AW P HU B A S R ThT 1Y
RPRER 437, BLE ARAREL /F B />, SSDF ik
RS SAT 25 2%, T RS R B SE 4 A, S IR M
i IEL 7 ek v B v T B 0 . IRR R M BE AN 0.25~
0.3 mmol/L A}, JHPRER 14T (25 3z il A, 1 B2
M AR E) RR, U DA B S8 08 ua )N, B e 2
ST
2.3.2 JHPEREL IR MR SHT B 8 S HERER K
ofeh S5 TR I AR UL 5 T, 3R S A%, Langmuir
LR BRASE IR AL -8 R? Dl 0.7158., 0.9434, Freun-
dlich 2578 W B AR 0 A $LA 15 R* °A 0.9534 . 0.9912,
Freundlich &5:5 W R FUFL-& i 28 5 B Im 22/, 28
PEAHFEFRE B . (AL, SSDF X = FhIEAREL (190K ft
iifi 5 FH Freundlich S5 A AL R, SSDF X JH R
b 1 W B A ) FEL R RIS AR AR A, i i e
FH SRR ER T s GVE, J8 T2 00 T2 WM.
Freundlich A4 v Ink, FT iR K [ BE 77 1 /)N, Ink,

TR A IR BR N> i IR iR 4> H R4, 5 &
RIEEE I —E
3 &g

FRERES (LB PERE IE RSDF %V ANRRER . B [ fst
FNAPRER A BHHEBE . FENVANARER I M HP, SSDF 14
N B S B R0 T RSDF, Hud f45- &1 —gesh
FI2ERERIFN Freundlich S57EARTY, FBA 220 Bt Az
ST 3V E A, X S e | AR R AT
T H L AE AR RS 5R T R RE AT 5C . A IH ]
[t v, SSDF 7 48 Bst ] PN I B 5O B, (HL 3 A 55
RSDF ZE57 8/ AEAHPRER BT, SSDF X AHPR SN
A B E T B, HR BRH R i SZ B RN A
200, 74 Freundlich BE7 . ARBFFEIESCRR AL R ok
PR RO B AR SRR, S AT Re R &
il CUNREAE . faE5) rh N FHBEE T BIa SR, tuh
TORF RIS 7 114 5% Y5 P FH AR AR .
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