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A new dietary fiber and structural feature analysis on Angelica sinensis

extraction residue

QIAN Ci'?, ZHOU Yiping?, GUO Ming’

(1. College of Life Science, Tarim University, Alaer 843300, Xinjiang, China; 2. School of Sciences, Zhejiang A
& F University, Lin’an 311300, Zhejiang, China)

Abstract: A new dietary fiber was prepared by the enzyme-chemical method using the residue of Angelica
sinensis as the raw material. The chemical composition, structural characteristics, and physical and chemical
properties of this new A. sinensis dietary fiber (ADF) were determined and analyzed. Next, an adsorption
thermodynamic equation was established between the new ADF and sodium cholate, and the adsorption rate of
metal ions in vitro being determined. Results showed the new ADF with the following characteristics: ADF
moisture content was 1.32% , protein was 5.47% , crude fat was 0.57% , total ash was 5.24% , ADF water
holding capacity was 3.2 g-g™, swelling property was 1.3 mL-g™, and water binding capacity was 0.105 1 g.
The structural feature analysis demonstrated that ADF and the angelica residue were not the same fiber type.
Maximum ADF adsorption on sodium cholate was 40 pg-g™ with the absorption mode corresponding to the
Freundlich model. Also, the ADF adsorption rate for selected inorganic metal ions (in mg-g™) was nickel was
30.18, copper was 17.47, and lead was 21.22. Thus, this study could provide helpful references for dietary
fiber in medicinal plants. [Ch, 8 fig. 7 tab. 26 ref.]
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ELYE A WL PR RN . PR E R . PRI L SSRGS
T MEEAHEPONN R EERANREFRZIFININ “HLREFRRKT, xR AR A B2 A5
TE o BE R LT 4 HA i A BN BE f HOMOR & 3R Ml . B AR O U B T . T 22
XA ) JEURE ) 4 B R T AEREAT 1 RS, R ORI R AT R AR ) 2T A A A 1 2T A B S YT A
BRI . ALY T Angelica sinensis HHEI ARG ELF4E, X ILHEATAL 00 AR RAL . PR
EAERERIISE , FHFIARAT I 24 VT 1% £ 27 4E (angelica dietary fibre, ADF) X IR § 0 B 8 3 = Boxt <6
TR ATIRTE o HET, 22 U5 v 5 0 JR 1 £ 2 %o JIEL R 5 e i 4 T 8 1) R R O 5 1 AR DL SR ARG
BT FE X T M £ 21 2 BEAL D28 WA B A TR AL it 7 55 B B2 B S 0 S

1 L34

1.1 RBRNFES5RKF

AA-6890 Y5 I U /366 BE T (Shimadzu, HAY); UV-265FW BI2E 4R A] L4356 6 i1 (Shimadzu, H
A); T52N RUERANT] L4y 5% % BE iF (Shimadzu, H A )5 SS-550 #4494 #1, 7 & 485 (Shimadzu, HA);
RPrestige-21 %1 {# 57 - 75 41 21 48 % 354X (Shimadzu, H 7<) ; SHZ-D (1) 7535 7k 2 BL25 52 (JL X T 4L 2%
HETHUEAE, HE); DHG-9123A RYHy iE i 5 KT 146 (il — R # AU A BR A W, W) ; STA
409PC [f] 2L #1473 BT A (Netzsch, T8 ); 800 B 520 0o ML (F N E LB ER AR AR, HE); ABI04-NHE!
Gt R (R LR A AR TR A ], HE); ZD-2 B A e M (L EmARA A, FE).

JEER &M (53 B 26, W 0B IN 28 T 5 il 254 BRAS W) 5 SRRk i M (o dral, LR REAARA
Al )5 UKESER (Grral, il =2 R E]) 5 oAl 38 Sk o A 4
1.2 HIFRE R4 (ADF) S &

W 24 T P IOR R PE Ve, g, WRES, S0, AR EC 0.4 % o-VEM B, 65 CIKfF 40
min, FURZEREK, FLEW L 1:10 JA 100.0 g- L7 AL, il PP —E ), KRS
£, 4000 r-min™ 0> 10 min, 60 CFE 10 h, HIFE 4198 £ 272 .

1.3 LI R L4 (ADF) L ZE K 9 Bl E
13.1 Rayazeaz RAWETERENKSS®® . 5gADF F 105 ~ 110 CT#E: 24 h, R, #%
(D) BRI B i

WM%#%%M%%O (1)
LD H: W kK&, WM TR 2, Wo HERI G,
132 EZaRAEaaame RAWEBNEAREESE. 0.3 ~ 0.5 g ADF Fil— & B ik fit R 4
Vi, WENER. RIEZUONAERBEK, MPOFESNE, AEERAERNEE, PHEER, €52
ZEE . B ERE W, Rk 10 £%, BURB 1.00 mL, i A BB WS TR, £E M6 T 625 nm 4b
P, RIS e A 22 BRI ARk o 408 3 (2) 1308 A o it B

pxVxt,

W(%)= 2x100% ., (2)
mx10

K@) Wy AEB BB E(%), p AR OBOH R K EE (mg- L), V88 @A (mL),

o MR REAE R, m TR R B (g) o

133 MPs W R o e n 2 SR AR S 35 00 HUIG WG B 70 %0, BOUE & T4 ADF, {0 28 £ U8 4K

WA R, AR R IOKCBE, I, HJOK CBEXE M AT S0, 2 T HRIF

PREEC SR o #5283 3 (3) THEMLINE W it 20 %
d(%)=

b—c
b-a
K. d HHABNI BRI E(%) , a HFREINEAE R (g), b HFREIRMIEACA A T HE (g) ,
¢ JRPR I8 A0 AL A 4R S A T Ak i R () .

134 BRyREHHem RABENE SR> B 8, — & & T ADF 1k =0/, 500

x100% . (3)
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CHfEP R EIKA G, WA, FREEE. %A TR BRI 28

D(%)="2""0 4100%, (4)
m—m,
K@) H: DRI R B (%), M E (g), MRS B &E (g), R RUK 5 1

w#(g)o
1.4 HABE R4 (ADF)MEMBED T
L4l zeshkigodr HCT MR ADF 5 TR 0 AL 8 ORI B BE 34 5, BUDFIR Wi T s i, IE 20 4h
WA I 4 000~500 em™, K FE F S BORE S iE AT LLAM GRS S T
142 dathdbeodr B THRFE S EF SS-550-1C AU SHh, 76 15 mA B HLJE FWE4: 90 s ARSI
JE 7E SS-550 Y44l B 7 B A T 20 B LSRR S R WE S AR 1k
143 #HgEo A STA-409PC Tl [a] 2L $443 Hr A 43 %S 25 11 iR S ADF B 5 i 47 38K 5 (TG ) Bos 241
ST (DSCOM E o W A5 . AR (i 25.0 mLe-min™) FHEEEE 10 Comin™, 01008 G
FIN =R ZE 600 C;  FEMFiE A 8.0~9.0 mg,
1.5 YRR 4F4 (ADF) B R NE
1.51 #HAkAwalz KEHFRE ADF 1.00 ¢ T 20 C/KE# 1 h, ETERE., AKX G)IHERFK,
Rk = (e R T IR ) / FERL T . (5)
1.52 HEmkAME 0.1 g ADF B FRET, A S mL ZEMK, SZBTARR ., B35 555 ERTE 24
h, BEHEGRAR, #AK(6)HHEEK T
Bk 1= QRARB-TIRB) BT i (6)
153 Zakhnz #4001 g ADF E1F 25 mL 4 CHZEMEAKT, 4000 r-min™ FE.0 1 h, ek @
WET G2 2L L#E | h THRZREYEIRE, WE2ZERM RS EKER. #HAX()itE
giaK 7.
SiGK=HI iR (7)
1.6 L JABE & £ 4 (ADF ) 34 BB ER 2k (9 IR Bt #4 71 2
& 10 g- L7 JEEFRY 200 mg- L~ Y JHIR 8478 Wk (pH 6.5) 4 k. 4 M RC ) 10, 30, 50, 70,
90, 110, 130, 140, 150 mg-L™ AHERANAREWR , BUIREAPRMETR 4 mL T RIS IEE N, fEWKIE T
2T, A4 mL KBESER, 2 mL 8O WM, 1RA), BCE 15 min J57E 450 nm BT R, W@ Ok
B, ZxfilbriE .
16 50 mL 4EJE R A 0.50 g I TE/K ZEEAE A 2 h J5 ) ADF, Jin A 20 mL |3 fie il 4 S 8] 5 & vk
V£ ) BE R A bR E % 45 W, 200 remin™ fHIEHRY 6 ho MR SE UG, $2LA L2 BRI A2 OB R, FE 4w i il £k
A A P I T R R
2 U R 0 T A0k JIE R 674 114 W FfF 53 591 - Langmuir 5 Freundlich 75 #8 % H i 47 0% Bt #4240 5
1.7 HPABERLT4 (ADF)MELE S TFHIWHHER
TEAEFR 4 F (37 °CL,pH 7.0) T iz A SMEALL ADF X4 5 1 Cu*(1 mg-L™), #YE 1 Pb*(1 mg-L7);
BRES T NP (1 mg- L) JoHL4: Ja 25 11 5 TR 1 W Bt o B0 bt Joi o ik 32 19 46 J8 5 - S VR &% 2.50 g 119 ADF,
1 37 CTHAEIRBERE BN, R AT W Wi i VR 5 W i & B VR BE, d5cJim 738 ADF X 32 4 J& Y I
1.8 ZitH#r
PR A E AT EE Z K, R Origin BT 5011 . 218 Kot

2 HREW®

il & A FT R ADF S BRI A R, HLBE , RiAR AL, W@, Ok
21 HPEABERAY4 (ADF)LZER S ME
13 WS, KRB R A (D)~ BEATIHR, ADF & 00462 i 0 M SR8 T35 1
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Table 1  Chemical constitution of angelica dietary fiber
Ko 5% A BT B+ % HLIE 5 5 423 /% SRSy BRI K %
1.320 0 0.054 7 0.570 0 5.240 0

UL * Sy ADF rp 2 (1 00 0t 43 45097 T 200 SR IR 9 I 2 4 SR T A7 o b v 1l 2R 07 2 Sy = -0.005 89 + 1.120 14 x, R=

0.998 4, #rifE2£=0.012 97, n=7,

22 HARE R T4 (ADF)SEHMHFED T

5 5% i S R S e A T 2 R, R
BE A 21 B G D0 A A AL AR S T S T
ADF N R R er g, 1 xF T AR 1 i g
ey, HEEWSRFHERS, N T AL
55 2 il £ 1 ADF 55 3 BT 9 58 7 22 1] 1 X1
X AT G5 40 M o ADF (14 25 K4 FAE ) 2 7] )
FHELAMERE | BRI DL IR i, DA
TRA M RIE AT S5 5 .
221 %BRER LA st RiE A It AT A
FEIE AT 24 A i £ 21 2 K 0H R AT
FILE R UL 1, dE 1 a[ L. ADF (£ 5h &
TEAE 3 250 ~ 3 000 em™ 22 [8] fh) 3 05 4 24 U1 5%
9, o ADF AE LR —OH 45 2 Ho 46 i
Bk, fE 1600 ~ 1 750 em™ 2 [H] H 3 0% i
Vg, ULE ADF sPfEAE Bk, T 24 5k ot ok

1% 1T /%

100 2 B
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Figure 1 Curve of IR of angelica dietary fiber and residue of angelica

B S04 . ADF BR80T ORRAE IR S BRFE AL, B (A RE R A Y C—O 4 4R B 0% 1 000 ~ 1 200
em™ 22 [ F e 5 B L BN T 3 WA R ) AN ol AR R A B o R A R R, AT O A
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Figure 2 SEM of angelica dietary fiber(A) and SEM of residue of angelica(B)
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E(TC)#AT M, 48R 3 5IE 4. & 3 4543K 2 nlH . HIA5kE S ADF #URAR AR R, B2
A 2L BB . IH 8RS ADF ) DSC i £k /r 125~225 CXIHR, ale IR E Y
PR G REARTER . drg5 AT U5 1 B LI L ADF Mg o 20 A m] REAY LI . 45
BRI S ADF (B BT AT 25 R m, I R B A A I BRI, SO S IR B R U ek
HP T A AT o X IR B2 e A N S0 0 M, FHINAS R WL 30 i 4 I 3 W ADF i1
TG g0 4 AHr B 5 1 BB, MEiE] 100 CRAKGHREMREHL; 5 2 BrEe, 100 CF 250 C
T AT R JGE TG o3 WAL Rl —Se A HL e 5 A i 5 265 3 BirBe, 250 31 450 CoAy iy HAS A9 A il £ A AL 2
AT IR 265 4 BrBe, 450 CLUS AR BB WilE, T ADF fRfE AR Z i s, N
£ 100 CHfigE 1o it 3200 i 8 5% e B R4 oK o AR K 70 M T AR . ADF 7 200 “CRL T 2
TN, LR ADF IR & 25 48 B A B 19 e 1k

aQ (l)g r 7 (1).5 = 1000
~ 0. o~ 900 NV
o0 0.6 X —1.5 ‘o —~ 'ij%zﬁ
= 04| Y] 30z 800 1
z EL ] o &
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&) 4 o 2
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Figure 3 DSC curve of angelica dietary fiber and residue of Figure 4 TG curve of angelica dietary fiber and residue of
angelica angelica
®2 HAOABRALRYARENHRETNK
Table 2 Heat changes of angelica dietary fiber and residue of angelica
FE kgt X (8] /°C PeALIRE TgC B T7/C WA AMH/J-g")  HEVER AC/J g KT)
E1EL i 25.5~130.6 87.5 93.9 139.028 0 5.516
130.6~182.4 143.1 145.5 -9.111 6 0.269
182.4~231.1 197.2 202.1 31.781 8 0.474
5 i 2 2 Yk 25.5~150 83.8 84.5 191.194 4 4.364
188.2~239.9 204.4 208.6 -69.405 8 2.261
*3 LADFHERELTL
Table 3 Weight changes of angelica dietary fiber
G REWH/IC it B A 43 He /% BRAR ST T 43 LU/ % o 451 2 8 b e bR )l 2 /°C
HIH KR 26.7~122.2 7.02 55.19 80.3
223.5~290.4 15.14 268.0
M i £ 4 179.0~216.8 22.00 24.53 204.5
314.4~370.3 18.01 341.9

2.3 HAREEL4 (ADF)BULERMAUE
LS WAL, SRR AR A (S)~(T) AT . ADF A9 IUBAL P B 25 2R D . $5K )
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(32+£02) g-g", K13 £02)mL-g™", 547K (0.1051 +0.010 0)g,
2.4 g)aﬂiﬁmﬁ(ADF)X#HW‘&%WH’JWWMJ;H%

225 b4 X5 JIH 1R ER 7% % B W B ELR A Langmuir 1 Freundlich 253 0", Langmuir /5 2 /& M 3l
WIS b fﬁ%ﬁﬁﬁﬁﬁ%ﬁ%ﬁﬁﬁ#/mﬁ Mo BT RAR ISR AR Y A A3 A K, I HL R W R A 2 T R E
(L E, M RE S B  Freundlich I B 45 i 24 & 5 T W B 700 7 22 A 35 7 1) W B A2 ST 4 3 R o
AR 22 Langmuir 1 Freundlich 5 2 4351 4y %

C 1 1

e=—Ct . (8)
g qn  Kig,
lgg =lgK+nlgC.. 9)

K@) FX ) H: Co NER VIR E, mg L5 g I PHM &, pmol-g™; ¢, by 52 e Wt
i, pmol-g; Ky S5WIHRER XM FHE; n M Ky J& Freundlich 286 7 B IES 5L
JUEL TR W2 Y B2 15 0 2 (1A s v T 28 DL P15 0 2 R A 0 S 56 S A7 s 3000 745 74 LR ik I G B L 36 4

x4 BRMWBRAELERRERE

Table 4 Concentration and absorbance of sodium cholate

30 0.075 1 11.8 23.6 0.654 -1.627 1.072
50 0.148 8 27.4 29.4 0.932 -1.531 1.438
70 0.243 1 44.8 327 1.370 -1.485 1.651
90 0.343 9 63.4 34.5 1.842 -1.462 1.802
110 0.451 2 81.2 374 2.384 -1.427 1910
130 0.554 7 100.3 38.6 2.730 -1.413  2.001
140 0.592 1 109.2 40.0 2.990 -1.397 2.038
150 0.646 9 119.3 39.9

VAW TR B g AR g = Coa‘cvf P, Ho a, R HK S) (mLe g ) B A 0,20.77X10° ml-g -

ME 6 Al A Tﬂﬁﬁa’fﬂ%ﬂﬁ“ BTN 140 me- L7 B, ADF k3| 7 W@ Fn, # ADF X JH R 5 &
Rt Qo KN 40 peg-o™' TEMHMRENPI UG BB Wk R 140 mg- L7 1, ADF # IR Fff 2 ok B & i kK, i
TE AT 7 R AL H 2R A B B /N T 140 me- L7 (9 5040 .

F 4l Langmuir 7 R2, 7ZERFERBO T, Vg Ml 1/ (Ki-q.) BEME, TR C/q. 5 C. LM RR,

0971 40 - y
0.8 y=0.00028+0.005 42x
' R=0.99826, S,=0.00187 ~
~ 071 n=8 o 35
= 0.6 ™
] =
m 0.5 ¢ =
= g 30
R 04+ -L—.
=03} =
0.2 8 25
B
0.1}
0 | 1 I | | 1 | ] 20 | | | | | )
10 30 50 70 90 110 130 150 30 50 70 90 110 130 150
iR S (mg -+ LT SV T R S (g e L)
B S fem kAR B6 MEMAMELMEEMARERLXER
Figure 5 Standard curve of the concentration of sodium Figure 6 Relation between absorptive capacity of Bile

cholate salt and concentration of sodium cholate
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PG 5 s o] UG ) Langmuir & PE 5 FE, Z5 R LK 7,
H4E Freundlich 772, H Kp F1 n /& Freundlich 77 2 B9 W Bt et 5 %80, 8 1gE. 1 1gC. M C & o
MR % 4 % v LABLA Y Freundlich 17 #2, 252 LA 8.

30 ,=3.315140.150 8« "

R=0.97128, §,=0.2722
n=17

2.5+

i3

=

=

=
2.0
i

¥ 1.5F
il

B 1.0
&
os5le 0 0 0 1 L

|
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S R R (g e LY

A 7 Langmuir £ 344

Figure 7 Langmuir linear-fitting

WS AL 2 U 2T 4 X JIE R A 1
W B BEAF & Freundlich #2784, 526 H 4 5 1X

.094 5+4.325 8x
99776, §,=0.003 25

o
S X<
Il
N o ®

._.
'S

X5 HOT 0 I R g,
® o

10 | 1 | 1 |
—1.65 —1.60 —1.55—1.50 —1.45—1.40
I B A7 A B 1gC

] 8 Freundlich & 1+ #14

Figure 8 Freundlich linear-fitting

RS HKMHEIHRE

Table 5 Data of linear model

AW i L p [ )1 )7 MXRHR bRz REAK
25 HAEEFH (ADF)WNEHMELEM  Freundlich y=80945+43258¢ 09978 000325 7
W2 Bt fFF 5% Langmuir y = -3.315 1+0.150 8« 09713 027220 7

AMETE T BARIE T H ARS8 4T 4k (ADF)
X BT Ni*, 8 Cu™, BYET Ph™ S5 JOHL &R B T RO WL R o MR R 4 IR X (10) BEATHHER

ﬂlﬁﬁﬁ%(mg'g'l#loox (];‘VII_M2> .

A (10) 9 : 100 2 KR S ARF (mL) , My Sk B T W00 46 03 s R B (g 71, ML Sk T A B 0 2 1) Jo i R (g
L) N YR & 2R 20 B v 7t (g) o
Jir - W AT 0 2 Y A5 R P 4 i vk B A A M 4R L3R 6
*x6 |EEFN>, BT CU”, BT Po* iRk
Table 6 The Standard curve of Ni*, Cu®* and Pb*

(10)

E/ET PR E/ (g mL™) e th £& 07 7 MRRER FEA %K P ifl 22
Ni* 0~1.00 y=0.122 97+0.085 87x 0.996 33 5 0.011 347
Cu? 0~1.00 y=-0.006 54+0.065 82x 0.997 39 5 0.004 180
Pb* 0~1.00 y=0.004 67+0.013 43x 0.998 95 5 0.001 130

IR LT X E T Ni*, H R Cu™, BVE 7 Ph IR MR A LR 45 R WAL 8.

MR T IR R TR AEE AT (37 °C, pH 7.0), IR £ 21 40 85 5 5 Ni> 1) Wl it i
Jifei, HUORHTE T PbY, RJa W E T Cu™,
3 %k

ABIETE LA 5 VA 5% i o P BORE B 2T e AR 42, DA AR R AR 4Rk o i 1.32 %, SEHRER R
Wl 547%, MR 0.57%, BIKI3 5.24 Yo @ X H VAN R 4F e AL ML N E , 5 2 Kk 1 0

32 g, WAKARESI N 1.3 mL-g™, Z557KH100 0.105 1 g ARAEW TR S22 058, MAS 5I5 B8 2 27 4 X
JIEL R ER PR W BFAF 45 Freundlich #5870k JIEL R 6 119 de KBRS 4O 40 pg- g™, FEZEBIASPF P X E SR E T
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Ni**, i 5 F Cu™, #iE T+ Pb™ x7 HEBEFN>, fAEFCu*, BT Po* M =L

(% B 2% 45 )k 3018, 17.47 Table 7 Adsorption rate of Ni**, Cu® and P

1 21.22 mg-g™', SRET VIR EHEE/ (mg- L) P TR B/ (mg - L) W ff 2/ (mg - g™)
AT I KT 4 F Ni> 1.00 0245 6 30.18

MHE TR T A Cu 1.00 0.563 3 17.47

% 1O 5% B Al R RS M (E . 4 Ph2 1.00 0.469 4 21.22

YBCH i B 47 2 gk — 2P Ab B AT )

T2 IO T o) S PR A i B B A S IR, R DL £ A B ) S AT — 20 OB R £ AT 4 R L R A
3 5 LG A DA

Sk
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