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i E:hEHERTRGSELAR, KT EHEARA, KAB-BRHRE ERICTAEEERS%E (solu-
ble dietary fiber, SDF) . @it ¥ HZ LB 5 EXKBRNLRIRITYE, ZFAFNEHRE. Hibk, Bk A
R, DA E AR B LR, A TARIMEDUE AR R A U LA M 69 T 44 R RIR R AT AL
AR, Akt VULSDF A& syt tbiost, @l ¥ HE 5 ERBRAS ST, FFRRIERX
BR 14dERATEIEN. SREAY, RERRIZEABLAIE pH2.0. EE 100 °C. &\ 2h, % &4 T SDF 42
IE K 18.40%+0.78%; FT#F SDF 45K, itk f Bk & 914 7.35 g/g. 5.40 g/g #= 5.89 mL/g, - ANZE 44,
RN BR AN G 25 BB A A 15.85% F= 18.14%, AN 4 AR /1 1k 43.80 pglg, HAAEL SRS A 0.9 mmol/g;
H SDF 7T 4 & & 455 #:8 £ K 88%. #bsl, SDF 3T XAdph| ik Bk, 1Edutki<# (resistant starch, RS) rbipl$2
F+20%, BAEBRMEHAEPLFEMBREURIT, UHRRKERETRER T AR RIR S %% KR
pe=1:1.5. K4 8% (m/V) . 4 0.06% (m/V) . SDF 0.25% (m/V) , BiERXBFiZi 7 AT IEL>AH
93+0.21 4, Wi 14 d B i 2IKT 5%, pH RHE#ARE (3.52~391) , AW FSHF AR RO RERHEATH. &
LR T A 4,35 SDF 69 Tk b & F R4 T A T LA A B R L4, LT85T &KL SDF &8 45 X
W KE S T @ ey s A A b, RIS TT R A I R A T e b BAE S K AR K 89 2D RE M R S 69 R A
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Abstract: To promote the high-value utilization of wheat bran, soluble dietary fiber (SDF) was extracted using an enzyme-
acid synergistic method. A combination of single-factor and orthogonal experimental designs was used to optimize the
extraction process. Subsequently, the functional properties of the SDF, were systematically evaluated, including its water-
holding, oil-holding and swelling capacities, as well as its binding capacities for cholate, nitrite, and glucose. Moreover, this
study employed an in vitro simulated digestion model to analyze its regulatory effect on digestive resistance and its impact
on starch digestion behavior. Guided by these findings, the SDF served as the core functional ingredient for a high-fiber
beverage, with formulation optimization via single-factor and orthogonal testing, validation, and a 14-day storage stability
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assessment. The results showed the optimal extraction parameters of SDF to be pH2.0, 100 °C, and 2 h, yielding 18.40%+
0.78%. The obtained SDF exhibited water-holding, oil-holding, and swelling capacities of 7.35 g/g, 5.40 g/g, and 5.89 mL/
g, respectively; The binding rates for sodium glycocholate and sodium taurocholate were determined to be 15.85% and
18.14%, respectively; The nitrite and glucose binding capacities reached 43.80 pg/g and 0.9 mmol/g, respectively. More-
over, the SDF effectively delayed glucose diffusion by 88%, inhibited starch gelatinization, increased resistant starch (RS)
content by 20%, and maintained its structural stability under simulated gastrointestinal conditions. The beverage optimiza-
tion results indicated that the optimal formulation comprised a 1:1.5 (v/v) tea liquid to water ratio, supplemented with 8%
(m/v) xylitol, 0.06% (m/v) citric acid, and 0.25% (m/v) SDF. In validation test, this formulation achieved a sensory evalua-
tion score of 93+0.21 points. After 14 days of storage, the sedimentation rate remained below 5%, and the pH stayed stable,
ranging from 3.52 to 3.91, indicating that the beverage exhibited excellent sensory property and storage stability. This study
not only provided validated process parameters and technical support for the industrial production of wheat bran SDF, but
also elucidated its functional properties in regulating glucose and lipid metabolism as well as modifying starch digestion
characteristics. These findings demonstrate that the potential of wheat bran SDF as a functional food ingredient for regulat-
ing blood glucose and modulating glucose-lipid metabolism.
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HHign 6.5 {2, 7EtH FURR kg v S S S, 2
g/ AT mEEAEI Y, BSR4
(B 40%) . VERY . BRI A TS b S 5
FEorM . ERTER B AEERTE | RS . R AR AL G Ak
PR R GRS )2, SO e A = S BRI EAS
[N 2 a1 ) 25 Bt=rd (3R 1 L B 10 WY | a8 03 G B
PERE £ 4E (SDF ) 14 F 2RSS — 23Rk
Jry R, AR AT v, TR X I S
SR ZHMELL S T A A 7, A g A2 CUnesik ) /7
TEERVERIME . AP ) — R IR 51595 0]
R, FRATTT AT AR, MELLH 2 T AR = isss
R, anJE N AR 3@ ot B R A SR H R Nk
JH Y SDF, 133 EIH 16.17% B E 45 SR
TR PEEE B Sb ) SDF, 18540 11.45%; =&
TR R S AR, S = A TS
B AR P R geXE LU Ra e, B 4™
TR G A ETE PR AR . PRk, & 2 B 4T
A AR, X T2 B IR AR B

L YEAE B IR o SO e b oA
1B Wi i AR R S o R AR T AR R S G
P A E AR PRI T s e, G B 2T 4] 43Dy Al
PERE B 2T 4E (soluble dietary fiber, SDF) 5 A% i
B 474k (insoluble dietary fiber, IDF) BI K251,
MIEE LT YEN D) HEL 43, SDF HLA-MURE 1Y 7K %
PER R REREE, H RS FRET4E R, a4, 3
JRAERARZZHET . AT SDF AU EAIRZE, 4h
A | B RIS, IS 2R Oy kS dite
SDF [ R &, FRALME T Nt K, an2= 2 45
38 3o A PR PR S R Y RS R B AT A, FRECR
A 38.4%, g T AR dE ik PR PRV IO Rz vhrT
EVEREE AT 4E, PEHURN 12.49%, 1M BEA)Y 2510 35
o - AR PR I R A v 0 AT R B AT 4,
BN 43.59%, ITAEHR, SDF BYShREREEMTIE IR

BT EEYER, RSN S s SR, RS T
PARIRANME (—Fh AT ENE B 2T 4R ) e 20z /N B
AR AR, i Bt/ NER 6 h P HE(E B s 2l
FETHIT 50%, HAEHPLE] S I SEm G sh A 6. &
SCHE AN 5 s AR SMR IS 5T 4% T SDF X} 7 Fhiz i
AR A, 45 LRI T SDF B R 4TI+
T 77(4.05 g/g) . HEAFREE(1.78 g/100 mL) RN [ AH [F
P K S i P AR B T I HE 0, HLRE WS Rk ek A i e
B A F AR T AT S AT
PEH 14 A Y SDF, W98 & PLEE H 4% SDF &
et i (14.73%) HP TSR A LA B BEAR R NG 1% P4 e ik
Hr DPPH A HH3E7EBRZN 80.38%, ABTS FHES T
FI LW RN 68.73%; [0 5 T, 415 280 W8 12 [ i
J1°51.631 mmol/g, o-# 2 P BEHNHI 3K 10.71%;
R R TE R 2 BN A A [ R BT ) 32 51.46% . IRAR T
BEHIHIZR 36.45%, % &5 IR B W REE L SDF /i
DIRErE R Ah ek, FIER I AEN ) S ik FhA PR ORI 43 2
glifk. £4T SDF JF A TAH RIS MASS, 25 R oK, &
41 SDF X o~ 8] 265 1 7 Bife 1140 S v P 11 232 38 93.23%+
0.57%, %F ABTS+ [ B &L, 323 [ f 351 DPPH H
A R B S IS 2R3N 72.60%+1.52% . 51.92%+
1.17% 1 28.65%+0.77%, 459 ¢ I H HLAT g 25 A
MAEFPTAE ARG TE . R4S SDF W 5T B ik 35 i e,
(B JEURE AR AN DI RERLAT P4 P A) 5 I r= b A T I 114 56
BRI, /INAZER AR R R4 ™ N Rl =4, FLRE
B e ik 40%", Horh SDF &, Hok
PEkaE . AR ER, 2 TT & DRt & 5 1 BRAEUEORL .
K, iF5E/ N2 5k 2 SDF B 2 ORI T g sk A
AREA FE AR FHAE

FLT I, AT LA/ N R Ry e}, dm ik B 2R
S K TEASIRIG AL SDF (4 E-1R B[Rl s 3R B T2,
RGN HIEAM A S Bkt . RRRES SRETT .
TR R SRR S 0 B D REFE AR, A ARG MBI {1k
PR, 38 I RE T AL W SDF 1943 T A A8 Ak LA
RO RS AR, sE P HA A R AL B BT
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AR, FFIRST SDF XA A fe 4t i 5%
W, LT SDF AYIHAERHE, B HAE Az O BokE, T4
EEFUCBIT AL T o AR N/ INZ &K 2 SDF 11 1.
M ALFE I T RE M B N FHER B AR YE, nTHEshz
FJG YR AL | R S AL SR AAE AL FH 1) s B A
DIge PR T T .
1 MRS
1.1 MRS
INZER B IWAREIEAER A RA A ARREH
fif (200000 U/g) . H & FHF(3000 U/mg) | IRIE M
(2500 U/g) . £F4EZ (10000 U/g) o T HETE A4
TREA B F; a-3EBF(10000 U/g) B4k
YIRS BN T oK LB BRAR . 2Ry . 3,5- A3t
KGR S bral, E 254 kAR R
w); NTMER . H 2 HEREA (HPLC =98% ) . A+t IH IR
#(HPLC =98%) . W A MREH 4N (43HT4li, 99%) -
WRIRA IR A BRAF; 222128 RURDIL AR =
i R JRAT BRTTAE LN |l AREBE (AR, 99%)  120%
WA YRR A BRAN T 5 To/K AT IR (B9, 99%)
KA ACRAE T B A BR2S ¥l 100T/96S BLAE TE
iR & db st RS FE AR A R A E
ml065035 TBA ELISA iifl&  IGEFECE4H AR
AR
CP413 TRV iR {ENA R AR

HH-4 U B EKIEH 5N S RAER Hl v A R
3 722N A WLAREERETE IR RM R A BR
Z5w]; PHS-3C pH 3T LIS R ER Oy A TR
N 800Y ZUIREMMAEHL AR T AARK T4 il ih A
BN F]; RE-201D EfE2E R4 T & A BB
P AT BR AN 7] 5 H2-16KR 5 2K 8 3V VR 55 .0 L

15 AT A #3185 A BR 2SR5 Synergy 2 B FRIX

5= FE A B AL % A BR 2 7l s LC-20AT HPLC &R 48

H 4 520w KDT-08B FLRE EAL I =
FIRHEA R A F
1.2 ZHE
1.2.1 SDF {2#HUT 2. R 5.0 g /NEFREKY, # 1:10
LWL I 25 88 7K, 60 °C. pH6 F il a-UE ¥y M
(0.025 g/250 U)AifEf# 60 min, 100 °C K 10 min; Il
AJRZE FH T (0.006 g/1200 U) i#Hi# 40 min, )35 I
10 min; FhIR I pH J5ALEE; H-T 60 °C. pH6 N4
Z i (0.075 g/750 U) Ff# 4 h, 100 °C K[ 10 min;
B HIE7E 4000 r/min 554 F 50> 15 min, JE BT
2 h, FRES.L, DITEPIR R T 4549 SDF .
1.2.2 /INE#kFZ SDF $2HC T A b s 225056
1.2.2.1 HAEBRAL P pH B E [ 2 iR A0 B 75
80 °C. BJ[A] 1.5 h, % %< pH(1.0. 2.0, 3.0. 4.0. 5.0)
Xl NFZEk Y SDF $RICRA 52
1222 HBAEMRAIIRESE  [EEBRANPE pH2.0.
AfFE] 1.5 h, ZEEIRE (60, 70, 80, 90, 100 °C)XF /]

FEERZ SDF $EBCRATEZIA

1.2.2.3 FAERRACBEIRT R #E S BERAL B pH2.0.
HEEE 80 °C, BELRRALFRIHA](0.5, 1. 1.5, 2. 2.5 h) X
/NFEF#K Rz SDF $EBCRAYFL

1.2.2.4 EEeifl TR LA, BEHL
X} SDF #& I S 5% i) 4 25 (¥ 1 b 3 pHL, W 3E L B
M]3 A~ egR R = &R =K IE RS IR, LA
SDF $RHBCR NN bR, LI E AL T 2S5, 1E
ARG Z KA 1 s o

F 1 IR

Table 1 Orthogonal test factor levels
K- pH HECC) i Ta] (h)
1 1 80 1
2 2 90 1.5
3 3 100 2

1.2.3 SDF A b2 F i/l xE

1.2.3.1 SDF /K4r&&EME 20 GB 5009.3-2016
CEFMM L EFAREE 7K 53 2 Y% SDF 17K
Sy e EE TN AE -

1232 SDFEMHBRFEWE =M GB 5009.5-
2016 E il 22 A I SbR e B O v 2R 1 5T A I )X
SDF Ry & 5 A T E o

1.2.3.3 SDF ZiEE  HEIMFREL 5.0 mg D-Jo/K A
HEIREPRE S, VAR EZS S 50 mL B 0.1 mg/mL
PRUERE AR o 39T 6 32345 P in A 0.00. 0.20,
0.40. 0.60. 0.80. 1.00 mL #jZ5EAREA WK, FHAE N
A 1.00. 0.80. 0.60. 0.40. 0.20. 0.00 mL ZE/E /K,
AR A AR SR TP AL 1.00 mL 5% 245 i3 ORI
5.00 mL ¥emilas, IR0 20 min, DAZEIR/KCAZ L,
T 490 nm PRI WG, B o
LIRS 2 HEHS BE (mg/mL ) AR AL AR . W' RE AP Ak b
2R 2R, A5 07 RE N y=9.6852x+0.0516, P
EFRB R=0.9999, FRIHAbRMERILR LM C R Ry, B
SR B 1.0 mL RNV HEAH [R] 25 RS, D05
WG

1.2.4 SDF et

1.2.4.1 FHpktE =08 ZHANG U7 5905 835347
&R, 43 BIFREL 1.0 g SDF, Bl BT, ZJR400
A 20 mL ZEIB/K, BCE 2 he FAH AR &
SEAFRENT . 3500 r/min B0 15 min, WEEDTIE TG
R H T, F BRI ARG FRK 7.

FF i 0 & — FE LT
FE ST &
1.2.4.2 Ttk =88 L1 &0 9058, IFAE b IEnt
A&, FREX 1.0 g SDF, BIABL.LEH, SRIGIA 20
mL KEIH, PRFGFES], BUE 2 he FARFEAE R
PIZHSPATRESS . 3500 r/min B5.0> 15 min, WAETTTETF

e FRE TR, TR AT B T .

FiKJ1g/g) = # (D
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Ff SR & — i T E
FEf T
1.2.4.3 KR S0 KHAN ZE09 59078, JE7E
Fenl EEH B, 43 BIFK 1.0 g SDF, AP SZ 25 mL
BT, SREABFIA 15 mL 2Z8/8/K., TEER T, i
B 24 h, iCFRESAFR . FFTEIRERY BaR AR TR, TR
LA TR, FERE IS T B T .

MK JE AR — T AR AR

FE T 5 &
1.2.4.4 JHERZSGHREJ I ARdEfhZilag: B 2 mL
A [E] e BE H & B2 491 (0.03 . 0.06., 0.12, 0.18. 0.24.
0.30 mmol/L) F14F- i IH %44 (0.05. 0.10. 0.15. 0.20.
0.25. 0.30. 0.35 mmol/L) #n#fEW T4, il 6 mL
60% H,SO, 1E%J, 70 °C 7K N 20 min, 2 E15 LA
2SR L, 7E 387 nm I W OGE L DA EE
(mmoVL) AR . WOGEE AR, 435l PR
NERZEL AURRUERIZERY . IERGLS -G RE e S RE 24
ERAEPY (R TG, B 2 mL HEAR R (10 mg/mL)
5 3 mL BE A (10 mg/mL) . 1 mL 0.01 mol/L
HC1 R4, 37 C ¥R 1 h; ¥ pH = 6.3 J5hil 4 mL JBk
A BFR (10 mg/mL), 37 °C FPE 1 h; LA 4 mL
YR IERREL W (& 0.3 mmol/L H & IHAR 4N AN 4= it IH
BiR4M), 37 °C YRV 1 ho 4000 r/min BS.0> 20 min,
B 2 mL _EVEWINSGREE, SEATIIE 3 IR A IHMRER
ZEE R R Rl

MI-M2

R Ji(g/g) = 7 (2

JEZRK B (mL/g) = = (3

R(%) = x 100 A 4

2, M1 AR AR R A % H 2 AR R eI GE A
7 (mmol/L); M2 A S W e A-fisg AR iR el HZ AR R e
A4y B (mmol/L) .
1.2.4.5 WHERERZE G RE M =08 LUO 45
FI GAN 4523V (1 07 v, T HE 47 AH N 19 4 e, I &
SDF MV FHRREL 45 G BEJI(NIAC) . #F 0.1 g SDF £
i filA 5.0 mL 20 pg/mL NaNO, i #, i pH =
70K/ NZ ) A 2.0 (BLHLLE ), I 2 h, 4800 r/
min 2> 10 min, X 0.4 mL 5%, FH X 250

picd

IR -ER PR 22— Hie vk NaNoO, & &, MM &=
% NIAC. NIAC #% F=Uia.
NIAC(pg/g) = (C;—Cs) X V/Wy A 3

. G 1 C, MRS B NaNO, 1Y
WS (ng/L), W, AR BT (g), V o8 NaNO, iR
F(L)
1.2.4.6 THAPELE A REJIME A PSS A RE
(GAC)WMIRE, /8 Ma 2P [y, IR TAR R i i&
2. HX 1.0 g SDF A%, 435 A 100 mL A [F]ie BE
(5.50. 100, 200 mmol/L) #jZIHEE W, IR2)JE 37 °C
#E 6 h, 4800 r/min Z5.0> 10 min fFHL 0.5 mL |- %%
W, FH DNS (IS KAz IR ER ) 146 0 ) 25 W B2
GAC ## T =CiAs:

GAC(mmol/g) = (C;—Cs) X V/W, 2 (6)

Ea I ORGS0 i 1IN = W - REES K]
ZPFEAE (mmoL/L), W A SDF #Efhfift(g), V Ry
Z: 5 I N TR AR (L) o
1.2.5 FZpPE - HamiFeEc Bl 100 mmol/L 13
IR, USIIN SDF £, (M HIRE N 1% (w/v) o K
25 mL RS E T 3500 Da B H748d, BT 200 mL
LK T aENT . BHTET, 43 3I7E 30, 60, 90, 120,
150 min B I HURE SRR 0.5 mL TR, 3% DNS
TRt 272z S'G1E . SDF X349 B @A iE 2 &
B 2

WA MHENTIEIR R ¥ = (1-n,/n)x 100 3 (7)

A ng X FRLE A ATFEY) BT &L n, AR
HAEEY) .
1.2.6 PuIRSMHALHE I E
1.2.6.1 HBHUIHB T BIERR (SSF, WASK T
5o FELLE W (simulated gastric fluid, SGF): 4
EHP () R IR, SRS W NaCl(3.1 g/L) .
KCI(1.1 g/L) . NaHCO,;(0.6 g/L)Fll CaCl,(0.15 g/L)
ZH i, FERRR MR (0.1 mol/L) Y pH & 2.5, #RJ5,
#5150 g I9EE#S 1 mL CH,COONa(1.0 mol/L, pHS5)
1 35.0 mg B E ARG . KRG pH P 2
2.0, BIASALL B Ak (SGF) o AUz % (Simulated
Intestinal Fluid, SIF): Zx 5812 (1 75 ik AR B2,
B/ Nz AL T NaCl(5.4 g/L) . KC1(0.65 g/L) Fl
CaCl,-H,0(0.33 g/L)ZH %, FH NaOH ¥%5#% (0.1 mol/L)
VY pH 2 7. R)5, ¥ 13 mg BEEFABE. 100 g i
B W (7%, w/w) Fl1 200 g HHER (4%, w/w) 5 100 g
/NI RIR G o EIRAETNT pH 2 7.5, B
/NGTE AR (STF), AR T AR ZH R 53 DL 2.6

2 B A o

Table 2 Composition of simulated digestive fluid

B H B (SGF) B (SIF)
NaCl(3.1 g/L) NaCl(5.4 g/L)
KCI(1.1 g/L) KC1(0.65 g/L)

NaHCO3(0.6 g/L) CaCl,"H,0(0.33 g/L)

CaCL,(0.15 g/L)
HhBRY (0.1 mol/L)
CH,COONa(1.0 mol/L, pH5)
& 17it(35.0 mg)

NaOH# (0.1 mol/L)
JERAR 1 (13 mg)
TR (7%, wiw, 100 g)
AHER (4%, w/w, 200 g)

1.2.6.2 RAMERL O EE LR B 0.50 ¢ SDF 5
2.0 mL EET/KIEGE, 2L =205F17, 435I A 4.0 mL
SSF HLf# BT . 0.375 g a-FEMIE(2000 U/g) . 25 puL
0.3 mol/L CaCl, &% 975 pL 258 F /K, ¥ pH = 7.0
J&F 37 °C. 135 r/min &% 2 min, W€ HIHILLH 5
BILE 0 AN 2 min BURE, STRPBEKIE KIGHE 5 min.

1.2.6.3 RAMERLE WML AR s s A AH T 1R
i 7 mL {EABE A0 A 9.1 mL SGF, 35 mg B &E 1
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fit}, 5 uL 0.3 mol/L CaCl, ¥ AN 695 pL 7K, RS
Y pH JH 1 molV/L HCl1 ¥ = 3. #R/GTE 37 C M
135 r/min R /KBRS 2 h, 7225 0. 60, 120 min HX
FE, WK 5 min DMEEERIE
1.2.6.4 MRAMSEUZ LS RE FH 1 mol/L AR
At B E AL T AL (16.8 mL)pH V&N 7, B
JEHIA 1.6 g M, 16 mL 1) SGF, 40 pL 0.3 mol/L
CaCl, ¥ #% , 4 mL 16 mmol AH L W, & J5 it A
1.31 mL@4liK., HREGWT 37 C F1 135 r/min
TFAREPRY 2 he FEZE 0. 30, 60, 120 min BUEE, 3
KU 5 min DAEEFRIE (E 1),
S 1 TE AR,
a-TER i,
E CacCl,, pH7.0,
37 °C, 0F12 min
R
IR
B 1, CaCl,,
E pH3.0,37 C,

0. 601120 min

NG N AT,

W, TS, §roussy
CaCl,, pH3.0, 37 C, =S
0. 30. 60F0 k\
120 minfiUiE

BT OB A B Bon I8
Fig.1 Schematic diagram of each stage of in vitro simulated
digestion

S

1.2.6.5 B/ % SDF 4T HE 10 I E
ARPE A FATL TR B R, SR R AR 1B i
1038575 (HPGPC) Sl 2 A i e T AL AT i 4 5
i IHALHTERES IS T s, st 0.45 um
VR TS RE S AT £ B0 L iBHT (3500 Da) 2Rk
JH . a3 451k TSKgel GMPWXL(7.8 mmx30 cmy;
8 um) A%+, HPGPC R GUHCA 7~ 2Rl 4%, AR A
35 C, HIREA 20 pL BEMEER, UL L BR-LIRENSE
M L SIAR, WiEE S 0.8 mL/min, JHAERBER IR
HESRIHATEME RN IE o

1.2.6.6 MHLIHILIE £k SDF 143 JEORE 5t i
B JEH A R 3,5- iH ALK A IR (DNS) 1 2 A
ST AL RS U . Fe REBRAE Hh 2R (4 il 55 s Al 2
A, AR S O REAE, IR JE & B

1.2.7 SDF XPHIfb/NETERMAIMNE L2 =%
SCHK [27-29] FTIRFFEEE, B 250 U TEMHINE TG
(10 J7 U/g) 5 13000 U FEJEME o€ K (2000 U/g)
% T 25 mL pH5.2 BSERSZ tP ik VR -G B B 1.0 g
/INZE TE MY R B A UE MY 19 /N 27 VE Ky /SDF 1R &
(1.5%. 3%. 5%. 7%. 9%), 435 Jin 100 mL [R]ZZ #h
W&, N 3 BRI ER, WKL 20 min, B A 37 C
JEn 25 mL IB-G W, T 37 °C. 135 r/min JRZH KT
WAk, 43 BIFE 0. 20, 120 min HZ 0.5 mL ALK, Whk
% 5 min K, F DNS B35 4585 512

2026 4 6 H

RDS(%) = leoo =& (8)

sDS(%) = G =G)x09 5 £ (9
TS

RS(%) = [TS_(RI;SJ“SDS)]xloo # (10

K, Gy F G, 437K AE 20 min I 120 min
7EAE BT A RS Y, GF STy b i S R A pE B
&=, TS NiEMm BT HE,

1.2.8 Wb EEETERIR B E ASEge X
Gl NZTER DL R/ NZTER 5 SDF IR G #r. $2
RTAECHI 1%, 2%. 3%. 4%. 5% (w/w) [ SDF//NAZ 3E
B EA B . B 1.0 g /NI A B S 2= iEm 1Y
/N BERY/SDF IR-GHIINAF] 20.0 g 7K, A B
FEER, WhK Y 20 min DASE i fb . WA E =R,
4000xg B5.0> 20 min, HL 4 pL b 375 W B 4% 3E s Il
AE TS0 R AR VEM .
1.2.9 EEFopiE A
1.2.9.1 FEZESE DA (30 mL)+&lirgiK
SRS, B FEREEC T, 43 BIERGE LT R Xk
ki B A EZ . K ESINEE (0, 15, 30, 45, 60 mL) . A
BRI SR (2%, 4%, 6%. 8%. 10%) . M RR IS I
(0%. 0.03%. 0.06%. 0.09%. 0.12%) . SDF ¥ hn:
(0.25%. 0.50%. 0.75%. 1.00%. 1.25%)
1.2.9.2 IEZZIRES: AL R EEEERE, ASBIFST ik
WA RIS I . oKL 35 & . SDF L5 A2 7K
SO USSR R AR S B 5 A i, IR T PU R R =K
SPIEAE S, LUBRE YNNS4 A O BT R R R, LA
FETE IR EEC T o IEASIREG P AR ane 3 FiR.
3 EZREIKFBIT
Table 3  Orthogonal test factor levels

KF WRAB(mL) O AWERE(%)  FPEIR(%)  SDF(%)
1 30+15 4 0.03 0.25
2 30430 6 0.045 0.5
3 30+45 8 0.06 0.75

1.2.9.3 JEIEETE O IRAE
72 4 FiRe

JEPEE PRI AR LN

K4 R ETE bR

Table 4 Sensory scoring criteria for high-fiber beverages

BETHNIH PR
RGO, TR FEEE, AR FELR AR
R (3043) YLIER S DLIERSZ DLIERAS)Z
(22~304%) (14~214%) (<1343)
BB, AOLF MEEEEW, A RNEEEN, Ot
HRI(2053) TCIE M DIRE Sy MU EENREET
(15~20%3) (10~14%3) (<9%)
. EIN HER, KA HR, AP
UK(209) (15~2043) (10~1443) (<9%)

FRAITE D, Jovmk  RRANLL IO, RREITLLGIA D,

1R (3043) RSN WEPEIR B RGE R 1B
(22~3043) (14~2143) (<1343)
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1.2.10 e okboe s
1.2.10.1 pH MM BIE S OLAEL Ty il 85 11 i 41
PR (R - 7K=1:1.5, AXBEEE 8%, Fr 1R 0.06%,
SDF 0.25%)150 mL, 4332 3 3% 50 mL JCH &0
dh, BN 3 H, BT 37 °C EIRIEIRAE TR
FELE. AFHIT4E 0. 3. 7. 14 d ZRECE 24 FE SbR
#E £ pH B AY I 52 ) (GB 5009.237-2016) Il 5
pH, FRZH I E =K,
1.2.10.2 PIyEREME B pH J5FES 10 mL,
4000 r/min B0 15 min, RIELATTHEITTEHR,

VUHEH (%) = (m, /m) x 100 A (D

o my HELCETTIEYI T, m SRR T
1.3 B

PRI E S 3 Wk, A i LI 8
HEZEHIEREM, UL P<0.05 HWr2z i) Bk, %
JH SPSS 21.0 A7 ¥ G ST 2 53T, GraphPad Prism
9.0 AT
2 HERESH
2.1 SDF 2BV ZMik
2.1.1 PRPEFESE  HE 2A 715, BEE pH G,
SDF #2 H 3 & 8 5o 34 i 5 B A #a 3, 78 pH
3.0 B, SDF $EHCIA ) 5 im0, 33X ] G2 TRt
FAF I IR Z ZR P LT Y ZR | e Y R AR S5,
e SDF ¥ H; pH 1HAIKET, FRfEAE R, PRIt R
530 SDF 43 T 45 A IR, $RIBCR I INZ2 1% ; B &
pH F+ & = 3.0, MR /E FH G, B8 & SDF # Bl -
pH 4kSET = (pH>3.0) B, FRAFHAE FHINES, AN EED IR
ANFESy, PEBCRMEAK, & 2B 115, SDF B2 HCR
R 5 Vi B B DT 3, 47l 90 °C B, SDF $i2H
IR B, Ja XA T RRERT, B i fl TR ik
SrFIRGE By, RAg 2T 4 R AP £F 4 R R b
, T A= et EH, %4k SDFP?, 21
TF R, R RE 90 °CUE, T fig S B U IE ah
SDF 43+ B & i b, $2ICRA T . ME 2C /i
5, BERE T A A3 I SDFEEIBCR L IS T = I [
R, FEFEALFRISTA] A 1.5 h kB Her . BRALIE
W, B A A AT IR S R AT Y g A, B £
SDF; {H#ET 1.5 h J&, KB R f# nl f8 5: 30 SDF 47
FlE LA AR A R, TR /NG e A, REAT
SDF ¥t A2 IeE.,
2.1.2 IEZCRIGEE R B E S I 1, 1k
B pH ., IR . B RIS T — R 3 =K IE AR, dE—
$AfAk SDF $2ECT-25(F6 5) . Hilp T ira 4ikss:
PEBCR S, y a4 R BSFIME, S A
HZE B Z T fl, ARPERZE (R I, REHEZE
XoF FT 85 P T £ 4T 4 11 7 38 5 ) 1) =2 I AN T
pH>BFAI>VREE . B 2577 Fl(S) #E— 2P 4aiiE, pH X
A SRy S bt =i w1 [ 0[5 =352 ) § Mg = AL [ E ot 14

A 20—
e —a
=
15 L
g =
ﬁlo—
g
5_
0 I I I I I
1 2 3 4 5
pH
B 20—
s = N
X
¥ 10 === \
- N\
1L E| S
= N
0= -I- T T T
70 80 90 100
R (°C)
C 20—
15— il =
g
# 10
2
picd
5
0= T T
0.5 1.0 15 2.0 25
A1) (h)

K2 pH(A). MREE(B) . IE](C) 3 5I%F SDF S s
Fig.2 Effects of pH (A), temperature (B), and time (C) on SDF
extraction respectively
£s5  EZRRWER

Table 5 Orthogonal experiment results

S pH RECC)  WER) HEE%)
1 2 80 1 17.8
2 2 90 1.5 17.4
3 2 100 2 18.4
4 3 80 1 17.2
5 3 90 1.5 17.0
6 3 100 2 15.2
7 4 80 1 15.2
8 4 90 1.5 15.8
9 4 100 2 15.0
1 53.58 50.19 48.78
I 49.38 50.19 49.59
I 45.99 48.69 50.58 T=146
K, 17.86 16.73 16.26
K, 16.46 16.73 16.53
K; 15.33 16.23 16.86 y=16.56
R 2.53 0.50 0.60
S 9.64 0.50 0.54

ARAOH D E . AT RS B 2T 4R 3 Ha AR,
AR Z KA PR AL BRI 1] 2 h, 152 Ak B B2
100 °C, pH2.0,
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2.2 SDF EARUZR5TMNE

ShiMRE SDF 2, AR S50 R FHAS - i 125 12 57
T EBEAR R LR AN A 3 BT, R?=0.9999, & B AR
LR EE BT, EEerdit SDF 5 IDF 40, 4«
SZEGINAS SDF FIFS3RA 18.4%+0.78%, IDF 1534
61%=1.25%, SDF 4l if ly 52.4%=x1.17%, /K43 & 2
1.9%+0.12%. B 8.2%+0.21%, XEash BIGE T
fifi-FR P R $2 B SDF iy mssit: S5 vl 47k, SDF 45
S SR RAA OC, FgREANEEN O Jl T i1 Ak
PEHUE #k SDF, 155N 16.53%, Ik T4~ 5256 Fir 15 4%
B, 3 — 2B ARE T AW ST P -1 T IR v A R
SDF 1537 HEA —E MR . FIBRR SN Bt il
AR BCEAT AT TR B AT 4 I oy S alifk, el
H 51.42% 2T M 83.23%, BT LAAS IR B 40 B A8 LU
B ST R t—2 gl Al Kral e

1.24
¥=9.6852x+0.0516
Lol R=0.9999

0.8
g
2 0.67

<
0.41

0.21

0

0 002 004 006 008 010 0.12
PR (mg/mL)
K3 A iEinifEh 2
Fig.3 Glucose standard curve
2.3 SDF MIEARINEEMENE
FeAKk 1. BRI i Fndseim 2 A v R B At
A BT EEZEAEPRT Y, 3R 6 AT SDF mydk
J& 7.35 g/g, ZAH = TLLAEAT R SDF(5.58 g/g) FIH
STAEIEHERY, W o R EHZZ £k SDF 4544 Hhiag sk
SRR FEAPY, T HER KRR A HE T, WTFoR Rk
7KJ& , SDF 4yF5% e 8 i S S 45 A B AE FHTE Ak
T FhBEBE RS 507, X P EE I a5 AN RERG I
5%, HESE B HEZS | AR I8 R L A, B A
PR, ‘BB I B PR 2 T & BERh
B, AR O M GRS T A 4 o I i BE PR, AT
AR IMBE EIHE. i3 6 W1, SDF R
MR 5.40 g/g, R PERSR, X JZK 2 SDF H Y44k
HAIGGEY P ruhig, Iy is IR, S IR
{IRIMAG . FERK S A K B AR AR, I B 4 B

% 6 SDF Myfghitk
Table 6 Functional properties of soluble dietary fiber (SDF)

; " . WANREY AR
R L T
(g/g) (g/g) (mL/g) fehi(%) T HeJs Hia e
(pg/g)  (mmol/g)
HAE MmN
7.35+0.12 5.40+0.08 5.89+0.15 13854031 43.80+£0.24  0.9+0.03
3540, 400, 1890, . .800. 90,
A N R
18.14+0.27

N AETEAE . AR 6 RTAIZAK)E N 5.89 mL/g,
MK BERE =, 3X 5 SDF Hh S /K Sk A e /K I K BB AH
2%, kS SDF Al ¥z iE=s (al, W& i%G s, in
HE RS HE N, SRR EILEE, Ui & 5
DiReRY . 2 6 nI AN H ZUIHER A ARtk I R g ) 2%
HRESI5 5N 15.85%. 18.14%, SDF Al 455 ik h
PR , Vsl /> JHL F W A, AR e A A AR FH R s o
AERR , 53 AVG I 70 AEL 351 s 7K SF-, 73 BT 39 bk o A i £k
SDF 5 WAl Ehal & ae S5, i85 43.80 pg/g, AJ
el U 55 iz S ) I I 87 A R ES0 RS 0 Vi P EA) RUSS: o
3% 6 AT, #i A bEL, A& RE 1%, 53] 0.9 mmol/
g, SDF 4r &5 ay ¥ 3L (-OH) | # %L (-COOH) &5
e A ik A T ek S S R AR o T R A T e A
Fro XM E AR EAER, PRI 0w R B IR 2%
JITr AR s R BH 7, LRIV E FHAELE T A2 b 1 i
TSR T A G R, I ] BETE SR M e H At
AR e 25 4T AR 1 A S50 5, DT s 2 L B3,
AP S DB A (14041
2.4 SDF XIEEVEY BFgE

i I 4 n] 0, S5 X R AH He, 3B AT 30 min 7Y,
SDF il i 25 Wi B A . J7 ikt , 7 45 B BT B3R
BEBCEAFNEL MY 88, fE 60 min N SDF X445 hE{™
B AR b S EU A, AT A b 2 Ay
B/ X B2 A AR B 1t 60 min 4R, SDF X 4#i %
FEAIY AN HIZSOR E— 2 9855; 90 min S5, SDF X4
ZPFEY BRI HRISCR LT T 6. BT SDF H & 54
EIWEILE G 2 A0, WIN T SDF 22 S ik T,
WSS AR B D B . BRI R Fas, F6

-== X R
_ -9 SDF
—
g 0.4
S 0.4
g
i
D
= 0.2
E
E
0+ T T T T T T T 1
30 60 90 120 150
FisfE] (min)
B 100 —
& 80 ke
W& ==
N |
DQ |
g 60— e
|
S
= 40
%
%@ 207 |
™|
|
0— -\--\I-F-. 1 T 1

30 60 90 120 150
Fif 1] (min)

4 SDF X4ty fdm i ne
Fig.4 Inhibitory capacity of SDF against glucose diffusion
TE: AL %05 i B. MWD HUER 2480
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A 697001 — R B 160300 — B0 min
59700 - — SDF 1403001 — 12 min
49700 - 120300
1 4
% 39700 E 00300
= = 80300
= 29700 =
= Z 60300
19700 40300
9700 A 20300 1 M
-300 ; = ; ; : 3 300 : ! ; . . .
0 5 10 15 20 25 30 0 5 10 15 20 25 30
A ] (min) ] (min)
C 29700 - — Ei D 797004 — 0 min
— | — 60 mi
24700 SDF 69700 - FZ‘lz;Eﬁn
597001
gy 197001 49700
14700 i 397001
= = )
E 00l Z 29700
197001
47001 9700 L&
-300 T -~ T T 1 =300 T T " T T \
0 5 10 15 20 25 30 0 5 10 15 20 25 30
A 8] (min) ] (min)
E 1197001 — F 159700 — J530 min
— SDF 1397004 %30 min
99700 1 — 160 min
s 79700 a0 119700+ — J%120 min
& = 99700
= 597001 = 797001
= =
= 397001 = 597004
39700
197001 /’A i‘ 19700
=300 - : P : 3 -300 : ; Pl ; 3
0 5 10 15 20 25 30 0 5 10 15 20 25 30
A1) (min) ] (min)

K5 HHIFAILIS SDF 43+ oA AL
Fig.5 Changes in molecular weight distribution of SDF before and after simulated digestion
{E: A HEEWS SDF 19 HPGPC (i [l; B. M i i# {725 C. 1§ # 5 SDF 1 HPGPC (i [&]; D. B il Lt 72 E. il 5

SDF f# HPGPC {aii &l; F. I fhid /& .

ENEIY BN Z R EE R, L HIERA SDF A
A A O DS AT T o

2.5 IRINEEESINE

2.5.1 M LG # SDF i FRao st A
PARMEIR ST I A%, AR o-TE AT, T DASIG 220
H1oa-(1,4) B K f# . FH Bl 5A 7] 51 SDF £ HPG-
PC {3 & A7 B — 0%, LR BRI 15.2 min; HHE
WALTE HPGPC (a5 & vp oAy B — =20, (R B8 B[R]
A1 18.5 min, B L4 B8 BRI AS[R] R BH P 35 ol 53 25 5+
B K SB 45 R RS MR Akt A, R
[ 7 A BT 1] R4 B2 05k Ta] (15.2 min) A5 B AH 4 6
ARk, EEHMERRIE R AN GE/K R SDF . MK 5C 7T
N HE WAE HPGPC i rp Ay 1 4>, 5 SDF
FEWEA B S EE (2 15.2 min) . & 5D Basiksh
AL W Ak AR, B T £ g AE SDF SR I
o HLBE G T A B A B, 34 0 kR B G, 15 A
SDF bR AT IR B MOREIR, (H R R A2
7 E A SDF #£ HPGPC s IE A 14 B % 5 B i
HPGPC {43 & v ity 047 B8 B M) 5545 (15.2 min),

L5 R B g B B AN AH SR T L B A% SDF, HSr 1
RSP ATE RS TP IR o RSB Tk
L5 SR, /NFE K SDF A6 11 . B Rz 1 b4
Z PRI LR T AR, TR oA PRy
ARXSEEAE , (TR B AL BOWES B4 T

2.5.2 BHHIL/EERE SDF Ry 5l 8l R

140
glzo—
i
= 100
£
JHI
X 80
60 T T T T T | T T T
0 2 0 60 120 0 30 60 120
mpicd B /N
AFIE] (min)
[l 6 SDF {&&MH L4 B Bod B & A8 fk

Fig.6 Changes in reducing sugar content of SDF at various
stages of in vitro digestion
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P 6 Fras, 76 F s B B, 0 50 o B Fikase, &
W] SDF A7 MV e BERE s 76 5 BB, I8 IO 2
/Mg SEA MBS, W IENE S T T
o . X—45 R 550 F o0 A o —2L, UESE SDF
HAT B SR PTTE e, BeE S8 BEHRIA I 18 & 144 3
Yk,
2.6 WMLEIEMBNEKIEE

&l 7 s RDSCHRIEALTER ) e SDF 1Y%
Tz T RRAR, RS(PUTHETER ) 19 & iz i e, B
SDF FF#AIK T 3E Mk AL A2 B, 13X 52 RDS 1977
HEFEAIN, SDF AV ELEEVE R Z A1 o S es &, 6
FBl T B #03 UL 1) 22 T, T TRt BE /K i U Ay IR B L2 B
%, iXfE#E T SDSCHIHALTERY) F1 RS 935N, FrLA
SDF f] LIk 2% /N2 E M BT AR . &5 L Jirik, SDF
A7 BT BB e IR 5 27K 2]

100 == RS

i == SDS

80— == RDS
£ 60
i T
4T 40
20
0

& & & S &
= \5’“’Q \f’Q \5"’Q \5OQ \5°Q
S L

Bl 7 /NSNS KRG RDS. SDS Al RS & HE
Fig.7 Contents of RDS, SDS, and RS in wheat starch
and its mixtures

27 HHEREPEEEMREE

WS SDF 2 {#i AR A= B BAI%, n )& SDF &
TEGEA R e T, TE A R AN S R A AR Y A v
I SEAERIEZ 5, SCERFR I RRAIS, T LA ZR B
FAIR. BEAE AR SRR T m, DER R R A i ik, I
BE HAETERYRUIR H . UnE 8 BT R, B SDF AU%R
Jin, 2 EAE A B AR WD, S B BE AR R
RN o PEARRHAR BE B, BLBETE R 1932 S BEAR v, HED
SDF M@ IR SHEMm Kk, X4 SDF #efr>

A 10

) jlwi %
ZEE 6 e -
o -
4

2 —

0 T T T T T

N
ST S
Y & & &
QO Ne) N Sl N
:@- X P Xﬁ’) X X
T )X,D/(" )?y;"(AY )g’;,g ] )X%A'

7% W, ELEEGEAIIR AR, HE SRR SDF 22
LA AR PR D A ELEESE IR TESE R 2R AT, A
MR ZEGERIIAET

20—

L

._‘
O
1

e

._.
=
l

-
S

HEEEN & (mg/g)
I

0 T <I¢
& \?Q |
T

K8 Al SDF ¥k T /INA JEMs SR 5 W) BLEEVE iR ik
Fig.8 Amylose leaching amount in wheat starch and its
mixtures at different SDF concentrations
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2.8 SFRRML
2.8.1 PADNZESZEG  mKE 9A RIS, BEZK AT N
hin, Zck Bk, AR +7K (30 mL) Bl 455
1=, B 2SR, 195 RIEREK . &l 9B o
BEAKEREGS I N, 2SRRI, P7MORR, 24
ARBEBEEES NN 6% B, BB P15 o i, it
6% s it ACHH BS2 IS I i 18 i 25 ORI, 45 43k
Ko & 9C bR FEFFERIR MBI BE i, AU R
e, AT EERR A I A 0.06% It , ZFECkhZE R i
A5, PR B S 1L CT SO, Y R A R S N R 1k
0.06% Ji&, BEATASEFR B I EE N, ZYUCBHERIR Y, [R]H)
Wk B BOKBITTIREE . SDF B8t T3k
BRIV 2R, {H HS R S SRR S A 2
S, [ 9D s SDF #HIE A 0.75% i, 25k
BHERE PR i, B EE R, JCUTTE AL, Y
SDF #shna#id 0.75% Ji, BEASINEIE N, 254k #k
B, RIS 3 A HE ZR/K BP TRE 05 AR o
2.8.2 EASIALS  AESEAUA IR SIS |, 5T
BEREAK . AKHEE | F7E0R S SDF 1B N BEC 7 Ak iy %

B 10
ST
P
z ©] T
i ° °
# 4+
2_
0 T T T T T
2 4 6 8 10
AR I (%)
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FPERTR &5 4 (%)
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sfopo]o
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HH
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K9 ARDKEDIE(A)  ABEREA N (B) | #7452 % 1 (C) . SDF 5 it (D) 73 31X BB PF43 52
Fig.9 Effects of different water addition amounts (A), xylitol addition amounts (B), citric acid contents (C),
and SDF contents (D) on sensory score respectively

SRR, XA i B = A KOF, R T R g
R 28 =K IEASIREG B, DASEEL Es 2Tk HEE 5 19
E—2e .t 7 Rl XN ER O T
P TR B 21 4k A5 ORHIEC J 10 5 i A B HE)Y A - K>
SDF>1F A IR > A BRI o e AEC T R 25 IR UK - 4l ige
IK=1:1.5, K¥EEE 8% (m/V) . ¥R 0.06%(m/V) |
SDF 0.25%(m/V), iZBEC 7 7= i R AE

7T IEKEER

Table 7 Orthogonal experiment results

5 ATK BABERE  CIFEIR  DSDF  BEITHUD)
1 1 1 1 1 78.28
2 1 2 2 2 80
3 1 3 3 3 80
4 2 1 2 3 81
5 2 2 3 1 86.43
6 2 3 1 2 81.57
7 3 1 3 2 89.14
8 2 1 3 82.86
9 3 3 2 1 92.57

kl 79.427  82.807 80.903  85.760
k2 83.000  83.097 84.523  83.570

k3 88.190 84.713 85.190 81.287
He2z 8.763 1.906 4.287 4.473

2.8.3 HrUEIRIGEE R RIEEAERE T AT S
BEATEESS, 24 G 5 A alivfok=1:1.5.
AMEEE 8% (m/V) . FHEEER 0.06%(m/V) | SDF 0.25%
(m/V) o AT =, MAFBE V4 BB N 93+0.21
Sy, B3 TR ASIREG A2, A9 2 R, FREHEE 1
PR £ k), R IESZ ARG B T 254411 7.

29 ESFRRFRE MR

2.9.1 pHMxE NE 10 B, 78 14 d N, S£F4E1K
B pH BE B 18] 5 BL 2202 H 3551 19 L T E (R
3.52 & 3.91), KBl 2RI BkER sk 2 4R A8 1k, Fe AR
FA I N SR8 A P 1), X FhZ2 18 A8 it A
B S AEN RO MR TR i A iR e .
Z, eSS R S E PPN A A — 30 UEBH T AT
YORHEC 5 A B

2.9.2 VPLFERME WE 11 iR, 14 d N, BEERT
[Er) A S840, P FRAE W T S H B 2N 4.80%, &

4.5

4.0

i

3.5

3.0 T T T T T
0 3 7 10 14

IRFTE] (d)
K10 £Ftokt pH 21k
Fig.10 pH changes of high-fiber beverage

20—

0 T T T T

0 3 7 10 14
M 1a] (d)

Bl e yoRiiiE R ik

Fig.11 Changes in precipitation rate of high-fiber beverages

GB/T 31326-2014AE )R PR UEH AR VFA 9 B ig
B YEORMELE “ A U INDUTE” RO E B3R, HEK
(B IS T AT 38 A7 A9 B 0 UL SR B8 M s s v
(5%), Kz e R ar
3 ZEip

ASHIFSEIE F Fi-FR P A1, I/INZE SR Bz i T
VPN B £ 4 (SDF), i if B PR 22 S0 56 I 1F 38 156
18- F| SDF f% = $2 U1K 18.4%+0.78%, /K4y & &
1.9%+0.12% . & BT & & 8.2%+0.21%. HIRedFM:
Srr#R A, SDF HA LS m9FKPE(7.35 g/g) . FEim
:(5.40 g/g) FEZAKEE (5.89 mL/g), H. SDF X} JHf#Z
T VAHERER M A AR I WA SR . eAh,
SDF A AT $171 il 355 7280 B8 (44 B A A% 52 i 40y B0 T Ak 4
P, il RDS 19 LR 22.7%, i SDS Fil RS 11 L 44)
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SRR 31.5% Fll 18.9%, 35 7E 5% TE My B TS 1k i2F
2, H A S HAEbuHEetE. 35T SDF myTiRessdE, i
b BRI 3R S B AN E AT IS LAk H i £ Ok R AR e U7
AW aliF oK =1:1.5, KBEEE 8%(m/V) | F7E
7i£0.06%(m/V) . SDF 0.25%(m/V), 7= 5 8B ¥4
9343, IZBC 7 7 i P B IE TR . TR AT Bl R, FaaE M
By AT PR B2 1 B RS T A R
iy, HRE AR PE R IK B | R sk o et I,
A S AR R ER A Y £ A RE I B9 . U QIN AEM
3 RN FL A S R 1k, R EE LT ) SDF, fiH
PRIFE I 7.69% HEHNE] 12.02%, (% TFASF5 % 225k
PR a1 SHEN 251 38 o 8 7 - S i AR U K
SFEH Y SDF, H K vk« W KM A3 3 4 591 A
3.79 g/g. 1.39 mL/g 11 1.14 g/g, 535l b )5ilh SDF &
BEHNT 9.54%. 23.01% A1 17.53%, H HZCRE Y eh
— i A R LS A R T 25w, T B SR B Hh e
— IR LA ARG sy T /NE#Ek 2 SDF M
BB R FH Y 8 S5 HARAIR R, BT T /N Bk R
SDF MR S TIREME, 8~/ NEZ KR SDF X
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R A Ay 3 )38 o AZ B LR (NMR) | 4514 HaL B
(SEM) 25 H AR S dr SDF FRSAmLsie, [ BH 45 44-Dh aE
PR 1 G 3R s AW AL AL B IO T 20, RERAIRAE 7™ Al
A%, I e AR R B | R S A 0 R
i 80 22 2R g UE MATAE AL A FH 1] s BR DB D BB A 5311
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