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Structure, Physicochemical, and Functional Properties of Dietary Fiber
Extracts Obtained from Agriophyllum squarrosum Seed and Quinoa

NIU Siwen, CHAI Jiatong, LI Jiayi, JIANG Yanqiong, LIU Tianle, WANG Qian, HAN Lihong’

(College of Biological Science and Engineering, North Minzu University, Collaborative Innovation Center for Food
Production and Safety, Yinchuan 750021, China)

Abstract: It was of great significance to explore new dietary fiber resources with excellent functional activity from
available materials in nature for improving human diet level based on quinoa dietary fiber, the structure, by Fourier
transform infrared spectroscopy, nuclear magnetic resonance, scanning electron micrographs, physicochemical properties,
such as viscosity, water-holding capacity and oil-holding capacity, and functional properties of hypoglycemic and
antioxidant properties from Agriophyllum squarrosum seeds of three different regions were systematically analyzed in this
paper. The results showed that all dietary fibers had typical infrared spectral characteristics of polysaccharides. Compared
with quinoa soluble dietary fiber (SDF), Agriophyllum squarrosum SDF had a compact structure, higher mannose content
(14.97~16.82 mg/mg) and DPPH free radical scavenging ability (63.18%~63.42%). Compared with insoluble dietary fiber
from quinoa (IDF), Agriophyllum squarrosum IDF had more void space, and binding phenol content, water retention
capacity, cholesterol adsorption capacity, in vitro hypoglycemic activity, DPPH radical scavenging activity, hydroxyl
radical scavenging activity and reducing power were significantly higher (P<0.05) than quinoa soluble dietary fiber. It could
be seen that Agriophyllum squarrosum dietary fiber had different morphological structure, physical properties and
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functional properties from quinoa dietary fiber, and would be a high-quality dietary fiber resource.

Key words: Agriophyllum squarrosum seed; quinoa; dietary fiber; structure; physiochemical properties; functional

properties
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JE . A FIAIR SR BELE B, B AF 4 Re e g h &
o, AR PRI 25 PR A, P2 2B 25 A=), BEAIG
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squarrosum) , 32 VIRIZE N BHYPIE JB —4F A4 FARAE Y
VOEENRF L, YPEETZE | it . WP, 18 TAERAE
BREZ VLU R BhTD Fro, “SRTVE N B XU i e )
E7E IR E PE AL o 32 59 v I M v Ak Hb X R RASE
R A TN TR E . BPAE VP VK7 524 500~
750 kg/hm?, 1 A A A# vb 3% B v0 oK 7 B RT ik
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H 7= 2 mi% H 36 X R T R X =5 41 (2022 4F
10 A RO ; AP EF (50 U/mg) . HE{LERF (100 U/
mg) EiFAEYWHEHARERAF(PEL®); 1,1-—
6 HL 2- = B 2 HE (DPPH) | Tt 55 TR a-VE B
(50 U/mg) . o~ % HH 1 1ifF (50 U/mg) . HUBEPRAE S
(R0 . 2ZUbE . AW B ERFE . SR A2 Lvk
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B RN F]; Mastersizer 2000 55 /R SCIO Gk BEAY
Yo [E SR SCIAN MRS A BR 23 Wl MCR301 JiEs% it
ARAN B bR ZE A i () B ORA R A H
DH108 {8 B AT ARG 8RR (LD B
HBRATF]; 2050R-1 BRELLHL K VPURIGE.OHIAY
A PR 7] Grinder-CHOPIN BERXUEE B [H B 354,
RIS F]; AL104 5347 KF- . FE28-Standard 5 ZUHE &
T MR -FEAR 2GS (1) A BRAA H]; 101-3-BS-
I IR S TR I BRI B TP 28 A B2
Al; SD-303-4A £ W L HVERIEFRAE Pl A A
AU ARAT PR 7l NP-28S JEIRIR A% W BB
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VORI JFRL T o AN RIS IEURY 4353 S B E
ECEE(1:5, w/v)H, 2R 12 h, P EC L, it
SRR E S IR IEA TG o 10 g BEAR Y A4y
2 0.55 g a-FEMYEFAIEFAR (10 U/mg, pH6.5, 90 °C 7K
2 h). & 0.1 g LRSI EEHE (100 U/mg, pH4.5,
60 °C JK# 60 min) & 0.8 g k2 I i i
(50 U/mg, 65 C /K 2 h) AT K WAL &2
100 °C J## 10 min [l 1E, 22 £ 5 1k, 6000xg
B5.0 10 min, 2B F/KPREIFES.O 2 IR B0 S
FRIE K U H 95% 2L Uk 146 R YR, PN IR R VA PR IR,
40 °C T ¥ 16 h J5#I45 IDF; irf8 FIG# S 60 C
B 95% Z IR A (1:4, viv), TLIES &, UTTEWTE
8000xg 5.0 10 min, ELZS T445 SDF,

1.2.2 JEELFLEE RS $REU  SDF 1 IDF
M Er B g GB 5009.88-2023 (£ i 4e 4= E S ARk
B R E AT E RN E YT B AT 4R
FroK 4. RS FNER R & =4 5= R GB 5009.3-
2016E Sh T K 43 r I Y i BRI GB
5009.4-2016 i H K 43 52 YT Al GB 5009.5-
2016 CE il AR PTG Y I 1P BT T4 AT TG
LTYE Y PBELH SR FH B 73S (i A 743 AT Y, Al
vl . BZEE . BATRLANE . e FURE . AR . oK
S FIHEL IR ER | EhR A ILA AN . N-215E-D 2
FLAATRE . P BRI . H R BEE PR AR UESS (10 mg.
100 mg/L) IRG W . FERMZWZE 72% w/w(20 °C
B b EE 1.6338) BAR /K fif, #iiFE 10 1%, 0.22 pm ffL
L E A YR R A A SR . AR SRR v
A TA] ARG TR R LU, B e A K A P PR ) 2H B
e,

1.2.3 (HHEMZI/MNERE(FT-IR) 38T FREX 1.2.1 BF
BV K ANZEZ N B A 4EE A5 1.0 mg T IS4k
1, A 100.0 mg TR MR ARER S A, FRER TS TR
A, R R WL TR A, s i B A, AR
AR R LT AN EREAXAELL AN X 4000~400 cm ™! 8 8]
P EETTHHE, A5 BI04 a s R E i £ . SaigiE b,
896 cm ' Al 1424 cm ' 4b A G EE SR B L AT LA SR
ARG LT 4En 45 L FR R (CrD P, BRI 00
ﬁﬂ‘F:

CrI(%) = A,/ Agg X 100 2 (D

1.2.4 "C CP/MAS Z#GILPRI6IE (NMR) S8t fi
JHAZREIEPRYEIE YR EUE 25 °C NMR S, &% T
R SRR 1y, DISEEXE 1.2.1 Fr i (e gkt
mi B 53T AR RAE o SR FH 38 XM A/ S 11 Tie 5% (CP/

MAS) Fi AR, TAEHZ K 100.6 kHz. FEAHTE 4 mm
Kel-F 1§ ZrO % e 5% 3 2N 14 kHz, Ik A
TH, 2l E A 1 mse SN T 3RS &S B M EL, 78
2 s kP ZEIR R 4T T 15000~81000 YRFHTHHE -
1.2.5 HFHBEESTT =% I ESED fJ7ik, B
Wt 1.2.1 ISV KRB R 2P 4ure i, TR E
o R TR AR U S W e R FL B L AR &
|, W54 30 s JF 4R BIAE 20003 KA BT WLELAE
ok S -
1.2.6 ZiERNE 1.2.1 Fri3 97Kk 2L SDF
M ZEEE R Ding 45024 £ H 1 iR RS VRS G EA T3
#fro FREL 0.010 g BYVPKFNZEZE SDF T 100 mL ##
alizkHp, 25 °C RHpEFE 5 h, e AR CFAR
Je B 4%: 50 mm; [A]JE: 0.047 mm; MEKIEE: 20 °C)
M SDF A5 R EEREBY DI R0 28 1k
1.2.7 FeK J1FEpmm e 1.2.1 FrAS ok
FIEE 22 i 1 2F 4k 09 315 /K RT3 T BE 14K 35 Ma 2512
M7 00 5 o =i POy 0.100 g T4 IDF #f
AhCETEE DB 455 5 mL 2218 KIE A 24 h,
6000 r/min £5.0> 20 min, ] 2K, PRig sk 6
o ARPEA ORI T (g/g) o

. m, —m,

KT (g/g) = m

1

= (2)

A, m, Fl m, 53520 TAES: IDF i (g) Fl5k
i (g) o

S HERIFREL 0.200 g T IEE L 4ERE 5 B Tk
B, A 30 mL ZELEATH, ZERE 18 h(5f% 1 h
PR —K), 3000 r/min B5.0> 20 min, BEZEIH)Z, FrE
R . ARPEA IR MR 1 (g/g) -

, m, —m,

R 71 (g/g) = o

K m; Fl m, 53508 TREELF4ETTE (g) Fk
i (g) o
1.2.8 565 EIE  1.2.1 IFrf5mvb kg
IDF 45 &1 1 & 5 %8 =% Chandrasekara 4329
Fl Zhang F5P7 (5% . FREL 1.000 g 19 IDF, 25 mL
BT W (80%, V/IV) iz 42, 4 °C &5 0> (4000%g)
20 min. MATFRES 3 WK, AL BSOS R IE PRI Es
EWRIeE Y. Kk S 20 mL(2 mol/L)NaOH ¥
WAEEIE FIRE 1 h, /] 6 mol/L HC1 ##75 pH X 2,
4000xg Z.0> 20 min, F3EWHIE b £ 8 2 BE#E
B 5 ¥R ZEHUE 45 °C 28K )5, K5k B Wi T i
H, =20 °C BRI . LAV FRR X R, 25 5 DA%
B4 E (GAC)mg/g THEM (mg GAE/g) .
1.2.9 AH[EEEIZEEE SIAGMIE  1.2.1 FragebAF
B NG Er 2T A g AR [ B B g 000 225 Wu 4508
FH He AR B UEF T . B 0.100 mg/mL f JIH [# i
HRUETAEW 0. 0.05, 0.10. 0.15. 0.20. 0.25. 0.30 Fll
0.35 mL 4351 F 10 mL &, 1SS NINAVK 1%
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it MAARFRIA IR 0.40 mL, YFEPRENNIA 0.20 mL 4B
F % (1 mg/mL) Fl 4 mL {5 R (VK 2R - W
fig=1:1)IE-GH5], EiRHE 10 min, 550 nm AL
ME G LB AR FE R (mg) A RARER, WG
BE A PNAEAR, 225 I A0 AR fE 2R

FREL 1.000 g EELTYERE 5353 & T 100 mL (1)
HEJEI D, 25 50 mL ke 14 8 B (U XY
EEWS o 5 ZR/K FTE I PHIR S IS 5 85
W), IRAA YA, T pH 2 2.0 1 7.0, FEIRYRE
V% 2 h(JEJE 37 °C, 3 120 r/min), 6000 r/min &5
Lr 20 min, B E7EW 1 mL, HIA 90% 1 2 BRF BT
1%; B 0.1 mL FBER, A 0.3 mL VK2R, 34 EbRvE
HZ& L FE 550 nm A0 WG R AEL, SR Ja AR i 20 =X
(D) TR I NE E s B e 7 (g/g) o

IR e (o/2) =

b my . my, B omy S35 T AR B I
[P (g) « MBS T3 v v I [ st (g ) ARG BT 4T
e (g) .
1.2.10 A&RGMEEMEIE T
1.2.10.1 FIZEPE - (GA) T Z0hE il 2245
(GDRD ST =% Qi 6P 1k, B 1.2.1 Tis
FYEE £ 4R (0.100 g) 43315 10 mL AS[FEIR )
FEPBE (50, 100 F1 200 mmol/L)IEA, 37 °C FIREH
6 h, 4000xg T B0 20 min, FHAE 25 8E00 2 1270 2
RE R R A AR AR O, TSR i 1) R A
H5 M4RE 5 (0.1000 g)43EE T 10 mL 50 mmol/L (1474
IR, (R 4 12000 Da (9B AT AR

& @

TE 37 °C N Xt 200 mL Z&IB/KHEFTiEMNT. 1E 30, 60,

90 F1 120 min Ji7, F#280BEI0 2 50550 &0 a2 i BT ik
RIS B, FERNBS IS B LR T IS LT
BEATXT RS . A AT PE TR S2 e By A A =K
/I

R HEEATIR R (%) =

(1 ~ ?ﬁﬂnﬂ%@éﬂ&#&)ﬁﬂ@%%ﬁé\%)
XTI R AR

%100

& (5

1.2.10.2 a-JEMEEAN a-f2PEH REEHEHIR =
2% Zhang S5P7 (1 77 M E A Y o-TE M B o485
EPFEEEHN R EYE. B 500 L 20 mg/mL BYRE S, 5
500 pL 1 U/mL 9 o-JEMEFA IR G, 37 C /KiGES
3% 10 min, ITA 500 pL 1% (w/w) BITER IR, 37 °C
FHEEFE 10 min, iILA 1 mL DNS, 3 /K# 5 min 2%
RS2, I B, 9 mL ZEM8 /KBS, 520 nm
Ab ) W S'GRE o e BRI IR AR O R O A i 4 RE AR
L Y a1 LSS IR S = /N (1
oS BEIIE(%) = 2100
K A FIT A, SRR REFTRE S O G RE

& 6

[E#E, ¥ 50 uL. 20 mg/mL BIEE AR5 100 pL.,
100 mmol/L f#J PBS #11 0.2 mL 0.5 U/mL 4 o-7 %5
WEE RS, 37 °C KB HUIFE 10 min, A 0.4 mL,
1.5 mmol/L i) PNPG &4, 37 °C W& 30 min, I A
1 mL 1 mol/L AY Na,CO, # £ 11 W, 400 nm Ak
MEROGRE . REELFAERE WX a-F A0 E g a4 i
R o-TER B HR AR AT AR =R A
1.2.11 e bidHEm
1.2.11.1 DPPH H VKR EES] =% Yan 55PY
A%, A3 SPREIARE S IR 0.2~1.2 mg/mL AUk
VO [ 43 BE 28 1Rk b . B 150 pL SDF A5l 5
1 mL 0.2 mmol/L #J DPPH-Z. ARG, =ih F
WECLRAT 20 min, 517 nm A0 G HE (A,) 5 PAZE
TRZKEA P S R [RIARE S5 R IUAS IO REICAE Ao

J5 46, B 0.5 mL [ IDF #5275 0.5 mL
0.2 mmol/L 1) DPPH-Z BRI G, 2 I SR i 2544
T2 30 min, 5 IDF AH [R5 S5 4400 s W S 3
(A,); AZEIR/KIARPE S BV M RIS T IAS A
SeEEICE Ao BRI DPPH A H LAY RE J1i1H54
Vas w/(im e
A —(A,-A)

DPPH H HH 35 FRAE 11(%) = N x100
= (D
=, A, S SRR AR R S5 T, 2Bt
¥ DPPH- LB S5 T AR NG

1.2.11.2 EHEH M AEIEBREE S HL 100 pL 5%
W, iIn A 2 mL 0.02 mol/L #J PBS(pH7.4) . 100 pL
1.8 mmol/L 7K R -Z B WX . 100 pL1.8 mmol/L
i) FeSO, ¥ . 25 puL 0.02% fJ H,0, & 175 pL 48
4liK, 37 °C W E 30 min, 510 nm AL EW GRS . AR
iR ) ERTE RIS TR A U T

R R o) = 2= A0
X (8)

o, A, REs AT R AR A, RSN AY
WG Ay RS A, RS54 T, KA 1R -2 BE TS
WACEE FeSO, FIl H,O, #ESRAT FRES DG
1.2.11.3 B S) 2735 Zhang 5507 ()7 i
JREE L 4R BB FEEE ST ¥ 20 uL 1 mg/L BIFE
AR, 100 uL 0.2 mol/L AWML 1k 2% vh ik (pH6.6)
Fi1 100 pL EREFALHT (19%) IR G, 50 °C KiG Iz
¥ 20 min J5HTA 100 uL TCA(10%), F-25 V5L 2 W
30 min, HX 250 pL SR EEHINA 100 puL ZE48 K FN
20 pL 0.1% i FeCl; MK, IR & 42, §+'# 10 min,
700 nm b EW R
1.3 HIEAIE

AL 3IRE R, LA R TR N T
PHERUEZE" . FE S 2Z 0] 0 22 57 8 55 M (P<0.05)
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S ] SPSS % F 19 Duncan ¥ #4743 M7, 42 18R
Origin2023 #Kk{F,
2 FR57h
2.1 RFNFEZRER|THEMNZRS

VDK FNFEZE TR TS SDF F1 IDF 77 & Ak
SR RANFE 1 s YRFIZBEZE 1 SDF 19725575
S 0.81~1.17 g/100 g Fl1 1.69 g/100 g, ¥4 i FAK T
FhERH Y IDF #9775 (P<0.05), X SRR E
LR 20N IDF B R BUE—EngtY . —FR[E ™
Huybokrh SDF & i W IR T 2252 (P<0.05); ¥boKr
IDF & i) i 28 5 T3 A2 (P<0.05), {H = Fh oKkt
T IDF &R R 2E R XS InT LA
TRE S A A A R TR AN A S5 452, BiFR SDF He
P 7K 43 . BB BT R OK 43 8 f 2 3 i T X N 1Y
IDF(P<0.05), iX 5 Chen%"! TR A RN G
LFAEAH SIS T AR 45 S —34G YDk SDF il IDF 1
RSy S & 1 B3 T AR T N 9 22 2 SDF A1 IDF
(P<0.05), 3X 5 VPKARXT TR A8 148 1w )5t
TOCERAT K3 FEVRER SR, AS-2 MRS e i
=T AS-1 1 AS-3(P<0.05), IXATHEZH N AS-2 11y
HERIRIE SRV YIICE.
2.2 IRFNBRERERTHEMBEES R

VPR B 27 I B 2T 4 1) BB L oy Br 4 S an
22 s, BEZ% SDF BB Al rA wIENE . L
[N S N N - N G E VA (S R E e SIEN e =
I, B RN I 2 > U R > U AR

WE>BT P> H 22 bl . X B2 T 32 SDF )
A SRME RN W AEAE, A ERR e R 2
SDF 11 EZ 4", 5ZEZ SDF #Hlt, ¥k SDF
T R BRI o S RS — 2R (P VoK SDF 4]
PN . AHEFNH SRR O f e THTH . H R AT
Y FEN 2P, BLEH VoK SDF AT T34
SDF & B 2 qiz= 45 3t IDF i 5, 222
IDF R 235 A0 . 22U . AHE . BrTRAF iR Fnfe
FLHHTE R N 57, B SR IR A A W (437.63 ng/mg)>
ARHKE(57.11 pg/mg) >FTHIAEHE (46.22 png/mg)>2F,
B (28.35 pg/mg) > FUBERE R (26.52 pg/mg); YK
IDF H [ Bl il 43 528 32 IDF — 2, b e 21
BRUWE, AR UR R B 2R FNACHE | 2 ZUBE . BrTRARE L o
FUBEBER . 2N PR IDF A 2l4k 25 FAR SBE)
TEAE, CA W R A SRR AT R4 i
BRSSP L E D, =RV KA R AT LR
PAMHLH Y —EK (HAE Sl i AT AE2E . RS AS-
2 ABEACART AS-1 F1 AS-3, 1T H = ZUBE R
LB A RN R S TR . XA TR S
IR AE R IR S, TR, JBE | ERE
FNFE5 /K- AR R 238 0] RE S5 Al ) G (47 4 b
M) BRZE AN 5 7
2.3 FT-IR DihtER

JZ ey b K FNEE Z2 S B 4T 4 B RE A 19 FT-IR DG
WE 1R INE 1A AT LR Y, vk g 2
SDF 19— OGS RREAE L. 35 2930 ecm™ 4b1Y

F 1 VKRAZEL h TS SDF H1 IDF P JeAb2E 4 il
Table 1  Yields and compositions of SDF and IDF from Agriophyllum squarrosum seeds and quinoa samples

FEh FEa (/100 g) 4l (%) KArEE (%) A& (%) WA (%)

SDF 0.99+0.13% 62.46+0.18° 10.98+0.10* 13.28+0.21* 15.2240.15°

AS1 IDF 12.02+0.19* 72.85+0.19* 7.66+£0.07¢ 11.17+0.14% 8.34+0.12°

Kk AS.2 SDF 1.17+0.11¢ 60.83+0.15° 10.66+0.13* 13.07+0.16" 16.01+0.13*

IDF 11.76+0.20* 72.71+£0.22° 7.49+0.10° 11.00+£0.15% 8.98+0.17¢

SDF 0.81+0.16° 61.32+0.14¢ 10.59+0.09* 12.89+0.22% 15.49+0.19°

AS3 IDF 11.68+0.37° 72.96+0.17* 7.58+0.09¢ 11.46+0.18° 8.16+0.11°¢

SDF 1.69+0.11° 64.25+0.24° 10.79+0.07* 12.99+0.17% 13.18+0.09°

e IDF 8.76+0.15° 72.84+0.17* 9.01x0.06" 10.97+0.18° 7.08+0.14"

TE: SDFJy i i IR £ 27 4E; IDF AN ] PERE B 24 Rl — 5 PO IR) 7R 2em B e R BAT 3 22 57 (P<0.05)

2 KRR RE R L YER) L AL
Table 2 Monosaccharide composition of SDF and IDF from Agriophyllum squarrosum seeds and quinoa samples
i
PARE(ug/mg) AS-1 AS-2 AS-3
SDF IDF SDF IDF SDF IDF SDF IDF

B 610.92 393 578.17 375 600.53 336 457.05 437.63
bk 19.02 23.79 16.88 24.66 21.08 2432 27.32 28.35
N 27.08 47.36 29.45 44.64 24.79 4495 17.13 57.11

H R 16.82 - 14.97 - 15.58 - 8.06 -
BTz AT 7.36 22.93 8.93 21.69 6.92 21.44 10.23 46.22
bR 8.19 9.33 9.06 10.74 7.61 10.02 32.69 26.52

TE: SDF Ry A PEIE Fr T 2k; IDF A AT PG FT 2T 2E; =" R AR BB (B A%, AR OEHSIIER) o
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55 IR T Z B G-h C-H A1 CH, BLH iy fif
450%; 3300 cm™' &b BEIESE O-H MY dE R 30, 1M
O-H EZK H L e KoL a4 E P, #FE SDF 1F
X BRI X 452555, DI ET4E 2R Ff e 22
W) S S IR, VoK SDF fdiGesi i 45 v, 1A
HATRT RS B 2 AR RESE AT i3, X 5 i
AR ER S R —3 (5= 2) . & H 1000, 1220 F
1660 cm™ &b (¥R WS 4 53 531 X5 R F C-O. CO-OR Fi
FFERITRZBEMAETRSNTS, nE 1B PR, 24
IDF 1 4 14 g 7% 1 55 F ¥ K IDF. 7 2929 cm™
1 3340 cm ™! &b, YK IDF A904SR BE & T3 1DF,
PiHI VDK IDF [h23457 IDF B B sl f e 5
L5k, UPRFNZEZZ IDF ¥IEZ) 1000 ecm™ ZbZH0H
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FT-IR spectra of SDF and IDF from Agriophyllum
squarrosum seeds and quinoa samples
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B e T REREE A

Fig.1

2.4 NMR 7rgER

Kl 2 BEIEELFLEREMA9C CP/MAS NMR EiE,
FIT A A i 7 B 7K A S 9 X 381 (60~110 ppm) 7%
R S B, 860~70 ppm U BBl PN B4 U5 X B
F C6, §70~81 ppm Z[H]JUEFEI /AL 4y C2. C3 F1
C5, 898~108 ppm Ak 1 4R {55 ¥ 43 Bl 45 CL, 79~
86 ppm i [F N IUME 5 SAE AL 4E K 1Y C4 FHC,
M 86~93 ppm Y5 SN 545 FLLT4EZ A C4 AT,
Vb K FNZE Z2 1% SDF % IDF A£ 5 ) NMR Y655
FEARL, 3X A AT R TAH R A AR R i 5 T ER R
T2 454y . 79~86 ppm 1 86~92 ppm Z [H] 1) C4 I
FESAT DA AT R 4 22 A 4% R, FR A ok iy
VOB R LT 4E0Y Crl {BANZE 3 Fizs. Frfs IDF
BN Crl {H 44 % T SDF A% 5y, H. 222 9 IDF 19
Crl {H = TV02>K IDF, FRHHZEZE 1Y IDF HAG B 5 9 4h
S B TS P Y 4544, 3X 2B R FT-IR AT 45 SR —
. 63.0 ppm &b {E 5 IS P £F 4 2 R /ak e 27 4
2™, 45 SDF #5555 58 T IDF A£ 5, H
ZESZ 1Y) SDF {555 R T ¥k SDF fF5 . ixik
ZEIRATHEVA I T A4S SDF FEA rh 22T 4E 25 5 B
T IDF REAS, LI K #id% SDF el o m Tk
>k SDF,

C2,C3,C5
AS-3 (IDF) Cl C4 /\C6

AS-2 (IDF)

AS-1 (IDF)
#42 (IDF)
AS-3 (SDF)
AS-2 (SDF)
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#7 (SDF)

i
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Fig.2 NMR carbon spectra of dietary fibers from Agriophyllum
squarrosum seeds and quinoa samples

14:: SDF: A A MRS 27 2; IDF: RN PERE S er 4.

2.5 FRUES

FRANEVP K FNZE 22 e B £ 4O S A H s
AR 3 iroas. 2238 SDF R MLES . a5 H MBI,
AH—EMIEIBRE; TP K SDF RMEAHXT 34 2544
B A D E N . 5 PFP SDF A S AH L,
VLK IDF 25 [A] (R 45 44 40 B0 B, SLEAR K
FlYek, H#ZZ IDF X F¥oK IDF 280 FEIINE

3 OURIEELEELYER Crl fH

Table 3  Crl values of SDF and IDF from Agriophyllum squarrosum seeds and quinoa samples

_ Ak
i AS-1 AS-2 AS3
SDF IDF SDF IDF SDF IDF SDF IDF
ottt %) FTIR 25.12 48.95 24.56 49.66 2438 47.93 17.89 59.89
NMR 10.06 34.71 11.23 3179 10.96 33.68 7.84 42.90

TE: SDFJy Al i PG 27 4 IDF A AN A A PERE a4 .
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BEICFLII G o X EegE RyE— 2 UESE T FT-IR
NMR 715314 Crl (B 5 WA [a] i 2 47 4 e 5 A 7
BEZ A2 5. BEE LT eI S H H &
FIMERERR o€, B FIE 2 R FEW) . ange B0y v Amm
AL A 25 FIf 2T 4k 2577 A4 AN R BE IR,
P HIEAS L2555

B3 UORFNFEZ B B e 4 F 4R R (2000%)
Fig.3 Microstructure of dietary fibers fromAgriophyllum
squarrosum seeds and quinoa samples (2000x)

2.6 FESH

ZhE R SDF MHEZRPE > —, 5 HEEIE S 1.
BEIZ N BIEE 1A P, YK NZEZ: SDF S IEL
B BY VI R 09 AR b 3N & 4 iR, SR
Bl 5 B DI R A 38 IS, DU SDF #5UR A4 2k B8 24y

ARG, S BT UIR R Im VR, KRBT SDF AR5
YRR, 53X 5 Chen 850 SCT2EE R/ NAE
SDF i M Fh JE I WF e 45 2R — 2. Wk &
SDF ¥R A B LT, 3X AT B R AT T 04
KIS ARG LT HER PSS FIE R AR T

1500+
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£ —— 4% (SDF)
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Fig.4 Trends of apparent viscosity with the shear rate of SDF
from Agriophyllum squarrosum and quinoa samples

2.7 FHKOFEERAOS

7K 1 S LR B 4T A A2 B S IR R FK 5319
fE S0, Wk 4 PR, =Rk IDF BOFF/KAE T B
E(P<0.05) 75 T34 IDF, X2 H T 7Kk IDF m4h
FAFAXTEEZE IDF S sfiAss . FLEUR T o, 528 T 221
SHEFUKES G ALE 5340, IEE L 4Rk IR
N T2 L A 28 BE AR 2 R 1A ), A —Fhb
oK IDF #E &, AS-3 HIER/KEE 7188 35 (P < 0.05) Ik
T AS-1 Fl AS-2, iIXAJREZ& M T AS-3 AHLL T AS-1
M AS-2 HAAHE BN GX—45 R E 7 SEM 43
Mg AR SIESL) o

G B A 4k i REh B e T R PERE . SR feT
B /KPS RETM AR ) G AT A n BHA L B
T AR AR BRI, ARG E A i Z ARG
R, Fa e F—Fhvb >k SDF Ay 134 835 (P<
0.05) & FAHXT N (¥ IDF £ 5, X 32 2L J9 P -F SDF
HA A XT T IDF 55 #8 H 00 9 25 45 44, Wang 25 143
BFFE K IREEAIARXT BN ARk SDF (457 o i 2%
= TR IDF; 2637 SDF 3L Lk =Fh bk SDF

F 4 WKMZELRECLTAERKAET) | FHMBETT . 456 B & R A [E B B g
Table 4 Water retention capacity, oil-holding capacity, bound phenol content and cholesterol adsorption capacity of SDF and IDF
from Agriophyllum squarrosum seeds and quinoa samples

_ ik
Febn AS-1 AS-2 AS-3
SDF IDF SDF IDF SDF IDF SDF IDF
ek (gg) - 6.16£0.72% - 6.81£0.43" - 5.86+0.37° - 4.45+0.96°
e (gg) 13.87+0.39° 10.07+0.11%¢  14.19+0.26° 10.61+0.32° 13.74£0.31° 9.37+0.19¢ 15.49£0.24* 8.66+0.41°
EAH &R (mg GAE/g TIEES) - 4.78+0.19* - 4.22+0.16° - 4.36+0.25" - 2.03+0.25°
pH2 17.21£0.12° 16.27+0.16° 17.03+0.20° 16.01+0.29° 16.75+0.31" 15.79+0.17° 18.82+0.23" 13.14+0.09°

NI B RE S (me/g)
¢ v pH7 20.70+0.13° 22.34+0.17°

20.99+0.10° 21.98+0.22° 19.70+0.18° 21.79+0.20° 24.43+0.13* 18.08+0.200°

TE: SDF Ay Al PEE Fr T 20k; IDF R AN i i PEIE BT 2k R AR BB 5 —A7 H R R 7R o B (i ) By 2k 22 5% (P<0.05) .
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03 T T 1 (P<0.05), (HJE3E 2 IDF Ay Fih
FAR T =Fhvbk IDF(P<0.05), JX2bgt B 510 5L 1Y
TEASEEMBFIR S TR — 2K, RBP4 A 2R B
= R RE ST o
2.8 ZEAES = FMPBEEZRMIEE o

JEE A4 2y i, JUIHJE S IDF 45619
Z WY I, 5 B AT 4E i) — S Th G4 R 25 DI AR
KBS FAE IDF 4 A & 549 2.03 mg GAE/g
(2 4), BF{LT VK IDF 1y 4.22~4.78 mg GAE/g
fidi . CAMERARIN, 25 h 2y o 2 LAY
My B T SUAF AR, UiF B 4 43 ) R I A B B0 BT MR AE
53.5%~78.0% Z[A]P), ¥b>K IDF &G Wy &m0 h3E
ZZ IDF 1Y 3 %, BLEH VK LSS &3S AR £ I 280
SRS TR . X ATREER VDK IDF AHXT2ERE
IDF HA s BITESLEA o2, Ry sissitk
A E LT 4Bk 25 s sl F LI 5 % A LA K AR B4R
EPSE ST UESTS

JIF [ B0 B B ) R P A ARMA S MR AR B ) 1)
HEARPR . VKRN TG 2T 4iEAE pH2 (BLDLH 21
1) Al pH7 (B8 B8 544 T X IH [ i (R
F1UNEe 4 s, B B 4ire S AE pH7 I IE E
BN B BE 7 359 T pH2 B, 3X 5 Wu 558 6 T4
S Er LT LR N [ B T i F e 4 S — 2, BHZE
RSB A4 ST AR A4 A TR
AR/ NI RH S B B RE 77 . BE2% SDF (4 IH [F
W Bl 35 A Yok SDF(P<0.05), i #2242
IDF 14 AE [ Pt g o6 o & 28 I8 = AP ¥ oK IDF(P<
0.05). XnJHESEN NZEZ SDF tHXTF¥>Kk SDF, v
>k IDF A% T-38232 IDF B s Z LI S5H,
A R LU R EIAR, DT ELAG B 22 174 JIL [ Ptife A3

Mo TP HA B bR, VORFNBE NG e 4T LA
YRy — T RA F [ W 14 T B 5O i o T 25 Fh B i in
T HASENEFERI R, e L gim 4c . MUk . e
FHAD TS ZEIM K - BRI B o

2.9 {RINBEFEEMENE

2.9.1 AP (GA) FIAT 2B iR 2248 %K
(GDRD43HT  GA F1 GDRI 545 E P G B 2T 4EXT
W iE MRS W ) BRSNS, O W R, 4T
FE S G E LT R ] DUAEIR B 3 BRAIL T 1k
T XA 2 R A R e, T 2 B — R A SR I T RO
U= 5 Fras, PURPHE D 2T ZiRE S X AS [R)9% i 3% 24
HH(50~200 mmol/g) P FREH T4 W MHEE 1, B
A s o R 25 W 1) R B S A AR B A B E L,
TE R A BRI B S5 R, =R vb oK SDF 19 GA {H
Ui KT (P<0.05) 2232 SDF, 44 24 b v i 1k %]
200 mmol/g B, YK FNZEZE SDF 1Y GA {HIRA
P25 5 B3 SDF 1Y GDRI {ETE 30~120 min i [l
N T =Fpybk SDF, XA BERE K NZEZ# SDF
AEXT BB 1149 S5, 550001 12 AT 28 W 1A A T
VGE T A APPSR YRGB, B T R B A X v
>k SDF =09 GA Fl1 GDRIH, L A5 Gu 450U
AN [FI AL BR A L 45 3 1y SDF AU FE 45 I —3 7
HEAEE (200 mmol/L) T PIFR SDF 147525 BE T [ fie
AT R 22 5, 0T Re IS B T P AR RS R,
SDF 7T LIS SR 208 T FE LT 4E R 28 P 4
2%, AT L SRR A AR 4B, 325 381 R B 285 p 1 <%
o =FhvboKk IDF B9 GA F1 GDRI {ETE —Fh4 2 b3
e TR ¥ 35 T (P<0.05) 33 IDF, vk figgs
IDF JIii i 5 A9 GA F1 GDRI{H I & #F 1K F ( P<
0.05) AHXT R B ARG A IDF £E5h . X Al fE B IR 2

25 VDKL I B A7 4 RS TG
Table 5  In vitro hypoglycemic activities of SDF and IDF from Agriophyllum squarrosum seeds and quinoa samples
e T 4G B B Bt (mmol/g) HEEENTIR (%)
i 50 mmol/L 100 mmol/L 200 mmol/L 30 min 60 min 90 min 120 min

SDF 1.99+0.11° 5.69+0.09° 11.32+0.12° 50.23+0.32° 40.12+0.24° 26.27+0.25° 24.19+0.28°

IDF 1.57+0.10° 5.21+0.14°¢ 7.76+0.21° 40.16+0.27° 27.27+0.19° 22.38+0.28° 20.53+0.18°

AS-1 B IDF 0.78+0.07" 2.37+0.11° 3.40+0.16° 30.82+0.14° 16.21£0.09° 19.87+0.18¢ 18.47+0.31¢
IDFZ5 4518 - - - - - -

SDF 1.96+0.07° 5.58+0.10° 11.44+0.10° 50.46+0.27° 40.00+£0.16° 25.94+0.22° 23.89+0.21°

ok Ao IDF 1.53+0.12¢ 5.1410.12f 7.83+0.1° 40.41£0.23° 27.09+0.14° 22.33+0.17° 20.37+0.23¢

B IDF 0.79+0.10° 2.41£0.13 3.44+0.11¢ 31.08+0.15¢ 16.39+0.14° 19.98+0.13¢ 18.69+0.17¢
IDFZ5 45 ) - - - - - -

SDF 1.91+0.09" 5.62+0.12° 11.25+0.13° 50.07+0.18° 39.88+0.21° 26.59+0.22° 24.16+0.17°

IDF 1.61£0.13¢ 5.24+0.07¢ 7.69+0.12° 39.95+0.22¢ 27.410.22° 22.46+0.16° 20.67+0.10°

AS-3 MBI IDF 0.72+0.08" 2.30+0.08" 3.41+0.1% 30.58+0.20¢ 16.01+0.18° 20.05+0.20¢ 18.25+0.26°
IDF£5 3 1) - - - - - -

SDF 2.29+0.09° 6.88+0.09" 11.39+0.10° 54.29+0.30° 44.07+0.29* 30.66+0.38° 27.65+0.22°

) IDF 1.27+0.08¢ 4.68+0.14° 7.01£0.17¢ 31.45+0.23¢ 20.97+0.16° 16.67+0.18° 15.93+0.15°

wE NiBYIDF 1.01£0.07¢ 3.08+0.15¢ 4.83+0.13¢ 24.76+0.27° 10.58+0.14 13.63+0.17° 12.59+0.13f

IDF454 - - - - -

TE: SDFJy ] Fi PG £ 27 4 IDF AN i VA PERE 240 4 —F0R RAGIN BN E; 17— 51 R [ T REROR B ) AT 23522 57 (P<0.05)
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K M b K IDF AHX 2222 IDF B A 3 L2 1L gk ;
YR, 193 P 32k A o) e A A AR B 14 3 R F3 021, DRI e B vy
IDF ) GA F1 GDRI {HAHXT TRl IDF i 25 R A
2.9.2 o-JEREEF oM ATHETT BN HITEE  E
HI1Z 5SS a-TERBI BN o-F 20 il
AT P RAA R AR 2T i W SR RIS i I T v, sl e
IMUAEFEPRIE J7 T8 & S S 1T B IR, 7 Aok
SR, MG LT 4 o] DUE B i B WA R R B s
5 RIS ) A BE A 2T A 114 DX 245 2385 40 v A REARC T RIS
W2z [a) A AT IR A, A AT LA SE a TR p if--A100  5)  p-
HIF-EME S YRS a-TEMBEFIIA S X P Fh 22
FrAUEES o-TEMEFIIRGAE RN, YR FNZE i
BEETERES Y a-TERIERN o~ R 26 B D 15 an
2% 6 i, YK SDF X a-TEAS BEFI a4 25 4 1 B
AR 35 M 24 3 /N T (P<0.05) #2 2% SDF, i Al fig
JeRhZE 5% SDF BAAHE & alife (38 1) kR m R
(SEFBAL . FLBREE =), i fLEBR R 45 i sl e 38Uk
LT YR HAT /5 o-UE A B ) 35 P 1) 32 i A Y v
K IDF Y o-TE M BlE A o385 280108 B 0% 300 5 34 e 2y
3 (P<0.05) 7 T 2822 IDF, il IDF (4 B3 195
P S AT AR T R A A 8 3 1) IDF A 5, 33X 0] B2
T vbok IDF XFT2324 IDF &8 F 2 S A 53K
), ZIUF5T 20 IDF B 2 )5 He a-TE K Al -7
ZEPHE T B R I PR A 2 TR BT YR N 45
B PRI ARG R B TR R, X —

FA 159286952 FH TR EEbTaE s po iR sh
Witk dnEge 7 Fion, Yok SDF 19 DPPH H i 3E75 kR
WPk 3 = T (P<0.05) 32 2% SDF, iX /2 A o v ok
SDF " &5 Z (I Ak (3R 2), KB c(0)-2 f
C(0)-3 NLEAFTERL Z a3, vl AR T al &R
T5 [ i IEEEE Y vk SDF BYFRIE [ i 3R 5
WA 2 (P<0.05) Ik F2237 SDF, iX IHA T#E&
SDF " & T Z IERR (R 2), 3X A eSS AR R
PEIBT, $ i HApT AU s MDY 24547 SDF ik JEe /)
Z(P<0.05) & T V0K SDF, Frff SDF AEAh it sa b
W PERI T IDF BEAh, 3X 5 Chen 250 X223 Fll/NAZ
JiE £ £ 4k O B AR AR TS TR I 5T 45 R — 2 VoK IDF
) DPPH [ f FEiERTGTE . FR3E [ ph L9 54 P
i J 3 I 2 (P<0.05) it 2252 IDF, il 1IDF i
=R PAEALRE J1 34 .35 (P<0.05) B T AR (19 A Ak
My IDF A% 4, 28 IDF £ 5 Pt EuEe 1385k A
H4h &y, B bk IDF 4541 & & W2 (P<
0.05) 7 T (58 5)3iZ IDF, FH It vb >k IDF $Hit & b1k
RETL T2 IDF; UK FIZEZZ IDF 454 it —Fhdt
EALBE S Z BTG B 2 25 5, aX SRV R FNZE 2
IDF HO45 & A4 R rT BEARML o
2T KRB REE L RTA ST

Table 7 Antioxidant activity of SDF and IDF from
Agriophyllum squarrosum seeds and quinoa samples

RIE T B A2 IDF Hh s A 1 m iIa S

R 6 UPARMBEL G LT YL a-TEN BRI o H 2 1 1 1
A
Table 6 Inhibitory activities of a-amylase and a-glucosidase

of SDF and IDF in Agriophyllum squarrosum seeds

and quinoa samples

.y a-TERYBEHMH] o TR )

" HE(%) (%)

SDF 67.28+0.10° 81.09+0.25%

IDF 64.37+0.19¢ 78.05+0.16¢

AS-1 iEAIDF 53.39+0.36" 73.39+0.24°
IDF&5 41} 86.82+0.27° 81.55+0.14°

SDF 67.71£0.12° 80.87+0.22%

. IDF 64.55+0.11¢ 78.23+0.19¢

Wk As2 - .

B IDF 53.58+0.24 73.60+0.27°

IDF&5 41} 86.49+0.25° 81.28+0.24°

SDF 67.45+0.18° 81.26+0.20"

IDF 64.60+0.23¢ 77.85+0.19¢

AS-3 .

iEAIDF 53.48+0.19° 73.51£0.21°

IDF45 & B 87.01£0.25° 81.73+0.19°

SDF 71.09+0.17° 83.65+0.21°

) IDF 62.57+£0.23¢ 73.85+0.29°

BE

) iEAIDF 50.94+0.28¢ 63.73+0.20"
IDF45 & B 87.39+0.38° 80.8240.42°

DPPHH 3t 3L didk

R WK bR R
SDF 63.1840.15°  74.91+0.20°  0.31+0.01°
IDF 20.36+0.35¢  46.95+0.24¢  0.27+0.02¢
AS-1 BB IDF 7.34+0.23¢ 30.77+0.22°  0.10+0.02°
IDF4: & 71.55+0.18°  49.88+0.40°  1.15+0.03°
SDF 63.42+0.20°  74.75+0.22°  0.32+0.01¢
ok IDF 20.30£0.17¢  46.69+0.26°  0.27+0.01¢
WK AS2 ., X
N EIDF 7.59+0.18¢2 30.81£0.19"  0.09+0.02°
IDFZ5 4 71.7840.15°  49.94£0.27°  1.17+0.04*
SDF 63.02+0.14°  74.91+0.20°  0.33+0.02¢
IDF 20.49+0.23¢  46.65+0.18"  0.26+0.01¢
AS3 X
B IDF 7.28+0.27¢ 30.49+0.28"  0.10£0.01°
IDFZ54 8 71.37+0.17°  49.78+0.20°  1.16+0.02°
SDF 51.94+0.28° 80.7240.39*  0.47+0.01°
o IDF 11.7240.26"  36.33£0.28°  0.17+0.03¢
) BEBSIDE  12.63+0.21°  30.04+£0.37°  0.09+0.00°
IDF&5 4 70.92+0.35°  50.31+0.33°  1.13+0.01°
:b\
3 2:;11:\

F: SDF W AJ Fi I (L 47 25 IDF AN H] VRPN B4 4 TR — 5 PR ) 52
BN B E] LA BB M 22 5 (P<0.05) s 271,

2.10 MENLFEMENE

DPPH H i FETH BRIG M 25 A i BE T B

ABFFERT LU AT T ¥k 5232 SDF #il IDF 1)
Zh54 . BRAbPE ST gedE e . g5 RFEHA, B 5F SDF
bk SDF HA WA Z FL I 45 254, 2L %
IDF [ Z5F A X T ¥ oK IDF 308 ; VoK IDF 4%
By & i KT IR E s R RE ) W TR
IDF; 72K IDF 9 GA {E. GDRI {8 a-ZERBEGEHGE
1. o-FEEVEF R G EE T . DPPH H 7B BTG
P R A R R T AN IR Y TR IDF;
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{HIEZEAZ SDF HYMARSNME P | 24k 1] b B RS
PEFIE AT V0K SDF. Bk, vk fnZE sz
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