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Non-starch Polysaccharides and Study of Their
Immunostimulatory Activity
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Abstract: In order to enhance the yield of oat non-starch polysaccharide (ONSP), the extraction process was optimized and
its immunological activity was investigated. This study employed microbial fermentation-assisted extraction, optimizing the
process for oat non-starch polysaccharide (ONSP1) using a one-way response surface methodology. Fourier transform
infrared spectroscopy (FTIR) and gas chromatography-mass spectrometry (GC-MS) were employed to determine the
structural characteristics of ONSP. Additionally, the immunological activity of ONSP was investigated and compared with
that of oat non-starch polysaccharide (ONSP2) extracted through the conventional hot water method. The results
demonstrated that the optimal extraction process for ONSP1 was achieved with a 5% of the inoculum and fermentation at
34 °C for 26 h, resulting in a yield of ONSP1 at 8.60%+0.04%. Both ONSP1 and ONSP2 were composed of glucose,
arabinose, and xylose, with the contents of arabinose and xylose of ONSP1 were significantly higher than those of ONSP2
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(P<0.05). Despite the lower molecular weight of ONSP1 (47.2 kDa) compared to ONSP2 (53.2 kDa), ONSP1 had a
significantly higher f-glucan content (P<0.05). Furthermore, both ONSP1 and ONSP2 demonstrated the capacity to

promote the proliferation of RAW264.7 cells, with ONSP1 exhibiting a more pronounced immune-stimulating activity. In

conclusion, microbial fermentation enrichment resulted in oat non-starch polysaccharides with a higher f-glucan content

and stronger immunostimulatory activity. This study provides new insights for further investigation into the

bioimmunological activities and structural relationships of oat non-starch polysaccharides.

Key words: oat non-starch polysaccharides; microbial fermentation; process optimization; structural characterization;

immunostimulatory activity
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2 EZEAIRE IR Y 0 (ATCC) s RPMI-1640 3%
FIR . BEREAEFEEMGEMTE(FBS) XELY
HL 22 IR v W7 4k SR e U 2% | T e TR a-UE B i
(40000 U/g) g3 va MRAEABHE B A A BR 2N 71
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BB AL HLAF S 2y AR J5 3k 100 H i, fik)is 2k
SLOAF
1.2.1.2 $EY A B EGE RS Wu S50 [
5T, FREL 6 g MEXE Ky, DA 96 mL ZEIF/K, IR &5
FIERE (105 °C, 20 min), FFEHINALL 5% e 45 R
TR, TE R IR 34 °C PR 26 he KIS,
s pH P 6.0, I-AEMEEE KBTI A 0.06 g Tif &5
1% o-TEMTEEIRTER 30 minUKBIRE 95 °C), HE
ARSI 2 BH JHEZE R R JCTERT o HEZE RIS 2
EZE IS, 4000 r/min &5.0> 15 min 5B EIE W, 0
A 3 AEARTRIY 95% L EEFEUIVE 12 h J5IERTTIE,
Frpt e P Bt T (30 °C) Ji A FHE 22 JE e 0y 2 b R
ONSPI1,
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e, U T k. K 6 g e S 96 mL ZEIRKIR
HBIGTE 52 C /KGR HEHE 3 h, B EI = =I5 pH
VA= 6.0, HLERER P I =L o-TEHEF(40000 U/
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1.2.2.1 EPEEEFP L EFE R AR DA 4
Bk BBRIEY, WA INE N 5%(g/100 g), BHE Lk
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34 C. e T L (HADY) | BRY +1HEE

(BY) FIFEPEEBRTEE (ST) LA M HADY HI ST FE 1:1.

1:20 1:3, 2:1 F1 3:1( & b)) F B 41 & b B X
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bR, B AR L (1:12, 1:14, 1:16., 1:18 0l
1:20 g/mL); 3R (3%. 4%. 5%. 6% Fll 7%); KT
A 1E] (22, 24, 26. 28 F1 30 h); & BEEIRJEE (30, 32,
34, 36 Al 38 °C) X HHEZZ AEVE My Z2 Wi 7= HR 1 KL ), THE
ZZARTER W R LU A2 A
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Table 1 Factors and levels of response surface test
K _— o —
ARBEIRIE(C) B (%) CR R (h)
-1 32 4 24
0 34 5 26
36 6 28

1.2.3 #AibMERR SR A DC & A e a5 A A
Lowry ¥ P 2K By -G% Mg 7% P21 &2 ONSP1 A0
ONSP2 WE . SRR IEY & &5

B AR Ry 220 (5 FH 7K 43I0 A4S0 e oK 53-8
e, AR IR FREL 1.00 g JHEXZAEGERY Z 0, A
RERLH, IR 100 °C FEEEEE, (DS HOK S .
1.2.4 L5H3RAE
1.2.4.1 £r4hGiEr P B S mg ¢ (ONSP1 1
ONSP2) 5 TSR -G 345], 4R )5 R 8 ST AR
P LT AN GG AL AE 4000~400 cm™' 2 7 B P9 49 4
JEAH
1.2.42 SrFHEMNE =% Pang F2 B L0 E

ONSP 43T . ONSP1 Fll ONSP2 FHZEAm /K % fit
F 2.0 mg/mL %W, R s RO ST AT L Tk
(HPSEC) I 78 4y F i o a4 14 it TSKG
5000PW 43 #74E (7.5%600 mm); Fi 3 4H: 0.15 mol/L
NaNO; Fll 0.02% NaN,; Jti#: 0.4 mL/min; 73 5 & :
0.5 mL; K25 P75 LA 25 (Waters, 2414) . F)
FH ASTRA 5.3 FfFmTHAFREEZ AETER Z2HE00 -2 5
TR (Mw) Fl e R (Re) o
1.2.4.3 HUBEZH ST AP Galermo 5P AR 1Y)
J7 VAT BB 2 . FREX 3.0 mg FE 5 (ONSP1 Al
ONSP2), il A 0.5 mL 4 mol/L =% Z.WMR, £E 100 C
TR 6 he BHG, A N, #Ef7R T BfJE, INA
3 mg NaBD, ifJii 12 h, IFIA 0.5 mL ZBEREF#EFT
Stk . B)a, BT A E AR HP-5MS B4048
A4 AR €033 - S5 3% B (GC-MS) R e b AT 40,
GC-MS RSk BARSEUE: HER 160 °C; 3EFE 1
R 250 °C; SAHAIEH LA 1.2 mL/min; 25 TFHZS
HUHE 230; PUL T i 53 M Z20E 1505 Filf B kX
2 HYRLEE 250 C.
1.2.4.4 WIRALSHT R T Ernst 52 ffik g
FeA 7 I T ek . B 3.0 mg #E 5 (ONSP1 Al
ONSP2)¥EMAE 0.5 mL DMSO 7, FREARE SIE RN
A 20 mg NaOH i & AL B, B J5 i AL B s 0t 7 B
AR 2.5 h, HAEAKR T, IIA 0.5 mL 4 mol/L =
FLMR, 76 100 °C F/Kfi# 6 he ¥RES, H N, #17
. BEJE, TEZE RPN 3 mg NaBD, i )51 12 h,
JEIA 0.5 mL ZBRIEFHAT LBk, &), Fssr i
Ak 19 B B 2 R Bg 13 A BE 45 HP-5MS( 30 mx
0.25 mmx0.25 um) BAHEH:NY GC-MS 5. i
ASANENES, GC-MS RGP E BAARSEE: Al
160 °C; #EFE 0 IR B 250 °C; <A 3% 41 0 A
1.2 mL/min; & FIRSEE 230; PULR i s ires =
BUE 150; FBIIDFAIX 2 AYTEE 250 °C.
1.2.5 GepEiE e
1.2.5.1 4 Jifg 3% 58 A1 — 501 &0 (NO) A= il 3k 56
RAW264.7 EEEAMIAESH 10%FBS. 100 U/mL
BE M 100 pg/mL $58E 2 1Y RPMI-1640 35 32 5t
¥egse., SRE. 5 100 uL RAW264.7 4ifits(1x10° cells/
mL) R ZE S 10% FBS 9 RPMI #5353 96 FL
A Hb HE AT AN i G 5E S 5 . ORE AN TR e B2 (100~
300 pug/mL) 19 AL & (ONSP1 Fl ONSP2) 8% i 2 b
(LPS, 2 pg/mL), 1£ 5% CO, F- 54Ul 24 ho 4R
Jo, TEFLPIIA 20 pL KR pU s £k (WST-1) %K,
FERIFE 1 he HEHEFFRYAE 450 nm P FIESE
R (OD), Il N AT 5540 B G GE TS P

ARG TE (%) = HXIOO

o A, AU INFHERZ JEVE My Z2 BELH A WG
Ay S REFRRH R A AN R B AR
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22 Griess U & UL A5, R Griess 15
S e B FE A T NO By /= A= i . L NaNO,( 1~
200 pmol/L) ArifE, I3 B MEAIMUBSL NO fYE .
1.2.5.2 SCHT R G BEEE N 53T FF 1 mL RAW-
264.7 4L (1<10° cells/mL) 2 # 5] 24 LA I, 7£
5% K CO, F F 37 C B Fr A RHE R ONSPIL 5
ONSP2(100. 200 F1 300 pg/mL) 18 h. F%H# Surayot
LERT RSB R L T . LPS ARFEAYAN I (2 pg/mL)
VM BAPEXT IR . i TRIzol i HE LML E RNA,
FEE A PRSI T E . I oligo(dT)20 5
¥ Al Superscript III RT #J 7 cDNA. f#i /] GoTaq
Flexi DNA B 5. & 2 A 525 1T
PCR ¥H4.

%2 RT-PCR " EHEIG 1951
Table 2 Primers sequences used in RT-PCR

519 EIk7 12l
5'-CCCTTCCGAAGTTTCTGGCAGCAGC-3'(forward)

INOS 5-GGCTGTCAGAGCCTCGTGGCTTTGG-3'(reverse)
5" ATGGCAACTATTCCTGAACTCAACT-3'(forward)
fL-15 5'-CAGGACAGGTATAGATTCTTTCCTTT-3'(reverse)
5-TTCC TCTCTGCAAGAGACT-3'(forward)
IL-6 5 TGTATCTCTCTGAAGGACT-3'(reverse)

5 TACCTGGTAGAAGTGATGCC-3'(forward)
1L-10 5-CATCATGTATGCTTCTATGC-3'(reverse)
. 5"ATGAGCACAGAAAGCATGATC-3'(forward)

-0

5'“TACAGGCTTGTCACTCGAATT-3'(reverse)

1.2.5.3 R4 ST i Eom 55 (9 ik It
RN sh . ¥ 300 ug/mL A9 ONSP1 Fll ONSP2 %
WALER 24 h J5 1 RAW264.7 4Hi, FH =0 gi i AR gy
6 2% vh I P i, SR )5 5 HT CD40-APC(1C10) FI L
CD11b(M1/70) 58 FE S PHEPUARLE 4 °C JEAmE &1 T i
A 30 min, f#iJH CytoFLEX ¥t 241 ML AL AT 50T,
H#E FH CytExpert 2.3.0.84 FAF M5 .
1.3 B

RSB — 0y, G5 R LSV B E bR 22
FoR. i SPSS 27.0 A TS, SRAHEA R
FEIT 22T (ANOV A TP [al v d 3 22 5, 1
BEBEE S P<0.05.
2 HBRE5ESH
2.1 AMEMRERELHHE

ME 1A PG, R A PR IR0 £
B ASSCR 3 ARG HUKIZ L (P<0.05) o 33X iT
AEVA N T ) & Weack R v 2 oy fiaie 2 vh I K41,
DTS Z2 e AR vE R 22l . Horh, il e T
REE (HADY) & BEAS 2 T fi i IR 22 AR TE Ay 207
3(3.05%), X Al B2 K~ HADY A= Kb H iHFE
AL PR ERE | R R E IR R AR K, Rt
AR A B BB R GO ok AL G, T 25 2%

22+ c

AETEM L= (%) >

By 1.1+
#

HADY BY ST

Hukifiik

HEEATEM 2R (%) @

B BT TR PR A TR X A2 AR VE A 2208 2R 1 52 MR
Fig.1 Influence of various microbial strains and their
respective combination ratios on the yield of ONSP
TE: A-FATE R B-IRA RbR: ARG FRMUR B2 5,
P<0.05, [# 2, [ 7 [A]; HADY: = i ¥ T BEREIA; BY: FRIE T

TPERETRT; ST: FERABEBRTA .

a4k, Ik, AT HADY F10g #44E BR bR
(ST)IATIFLEEIIL

AR TR AL AR e 42 R ks Z2 B 0 7= SR 10
SEMANTE], 4Nl 1B 7R . 24 HADY 5 ST 9 Lu 4l
A 1:2 B, ONSP 7 kw4 (5.23%) . BLHITEIZ L
BT, FHEAZ 2 ek A 1 0 A 588 R A6, TR
BIARAFAESE S . SR, M EEFP B4R mr i, ez -k ve
A3 BRI P2 HAG T N R, PTRER R TR bk
Yy g, FECEFEA R, Hikik ] HADY 5
ST LA 1:2 VE N4 & 42 e 22 AE Ve My Z Wi i fef 8
HAE
22 WMEVABEEIZMK
2.2.1 PARESLE b TR AR TEN
SR, PR B . A BRSBTS R A T T
PADRIZR SIS, S5 2 R,

AN TRV b X HE 22 1 e My 2208 7= SR A0 52 i 4n
Bl 2A s . FHEZE AR GE MY 208 1 7= SR BRI LE id 33
SIS TE G R RS, FERHR EE A 1:16 Bk
B, 0 4.54%. SRIMPERR FLA AT 1A 55
MAITHERE A5 DR ZEH A0 =28, S DR EL A 25 )
e AR LM 2B R FE I K, X5 Ma 258 1y
WFFEaE ARS8 NI, AW sate e AR rek =
WEPE R E PRI L 116 HHTISSE9206
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S
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S
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Fig.2 Effects of feed-to-liquid ratio, fermentation temperature,
bacterial inoculum and fermentation time on non-starch
polysaccharides of oats

P 5 IR HEA T SO, 2GR A ek
TR IR, S A A (A A T TR AT IR A S, T
HAEMIRIA . I 2B FRRTLLE Y, R IR A8
AEXTHEZE AR GENY Z M) R HAT 35 520 (P<0.05) o
TEHRIE 34 °C W, e ARGy 200 7 5 .35 T %
(P<0.05). Li %0 gyfF 53R, BRAP A il 2R
Tl I HAT 5w A7 5, 2E 1T ] DACRIIE S 1 A 1

Fif . SRR, mIERILEYAE S HADY 5
ST Hy &%, R 34 °C iR R BHRE .

G AR TN W00 7 2R R TR B RS N S
SeFt R BEA R (E 20), 1E 5% B ik 21l &
(6.03%), X 5ol #5502 POI IR & IR —E 7o
FE I SR AT B SR PR A B B N S S A A R
Bl aR, DG OB RN AR 1 0458 = IO i R FH 3 g
1o WA, B RN R GAEANTEFESHEIIE L T o3t
WKALS ), TR B8 Z2 (X E Ve Ky Z2 08, FeZedit
TSR, BRI, MR T 5% B, REEE HERE
I AE 2 D O R S N e I P e ]
P52 RGN S B AR ) 2 (R A BR 3R 43 Rl 2 R i) 38
G T, R, ARSI AR R R 5%

AR K BT () X FHE S e A 2208 SR 00 S i 4
& 2D Jiros . FERZ AR VERY 22050 - SRR A & IR TR)
AOSERC TR, £ 26 h BFikE45 25 . 26 h )&, #HE R
VERR ZZHEN IR N RE, AT RER R TE SR A 2
FIFEZZARTER W OITHFE R T A . B, ASST
BEPE R BERT ] A 26 he

AR PR Z S0, MR Lo 116, BETE
5%, TE 34 °C R A& B% 26 h i}, AR e 2 Ha0 7=
SRR o HoH, KPRt Ta] | 22 A A TR B o ahe 22
JETER AR A WA . DRI, MR R IR
(32,34 F1 36 °C) . R H (4%. 5% Fl 6%) Fl A T¥
AFE] (24, 26 1 28 h) #EA TN At ko
2.2.2 ML EARGIAL FERARIE SIS A |, SR
JH i Y TS P SR B . A TR (8] R0 % PR IR B %)
e AR VER Z WP R s, G5 RN 3 R, U7
ZESr TN R 4 s o BRI FAE A 172.29, P<
0.0001; R>=0.9955; R*,;=0.9897, BLHIAI H AT b 2
PEo BEAN, JSHITHAS i 35 (P>0.05), 15 B T4 74 55
EE RIS E LG54, 5350, A, C, A%, B>, C*
WEEIN, 1 B, AB, AC, BC FRELHIAR B . w7 1

% 3 Box-Behnken i® ¥ %11 545 %

Table 3 Box-Behnken experimental design and results

S ARFERIE BIWE CRBINE HEAEM AR (%)

1 -1 -1 0 7.39
2 1 -1 0 7.37
3 -1 1 0 7.21
4 1 1 0 7.35
5 -1 0 -1 7.11
6 1 0 -1 7.38
7 -1 0 1 7.37
8 1 0 1 7.43
9 0 -1 -1 7.32
10 0 1 -1 7.15
11 0 -1 1 7.34
12 0 1 1 7.41
13 0 0 0 8.59
14 0 0 0 8.71
15 0 0 0 8.63
16 0 0 0 8.52
17 0 0 0 8.66
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Table 4 Analysis of variance of response surface quadratic
regression equation models

BRI FIrA AmE FE PE R R WEN

BIHEEAE  6.10 9 17229 <0.0001 0.9955 0.9897  **

A 0.0253 1 6.43  0.0389 *
B 0.0113 1 2.86  0.1348 NS
C 0.0435 1 11.05  0.0127 *
AB 0.0064 1 1.63  0.2430 NS
AC 0.0110 1 2.80  0.1381 NS
BC 0.0144 1 3.66  0.0974 NS
A? 1.71 1 43436 <0.0001 *E
B? 1.81 1 458.55 <0.0001 *E
C? 1.85 1 469.11 <0.0001 *E
R2E 0.0276 7

RWI 0.0069 3 0.4433  0.7351 NS
BWZEW 0.0207 4

pevil 6.13 16

e P ORI R, P<0.01; “*M UK E LR, P<0.05;
“NS"HEILRE XS, P>0.05.
[RTYASSAY R TR 1 1 (BT 5340, A4 2L F o0
ALY ;

Y=8.62+0.06A—0.04B+0.07C+0.04AB—0.05AC+
0.06BC—0.64A%—0.66B>—0.66C>,

FIH Design-Expert A4 1] LIAS H, HEZZAETER
ZHER R AR T 2N T i 5.05% . 7E 34.08 °C
N WE 25.92 h, MU TR AR VE R 250 7 R
8.60%. ML PRELAMEIATIERE, TEFHE R i 5.00%,
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Table 5 Extraction yield and chemical composition of ONSP1

and ONSP2
EiEtan ONSP1 ONSP2 I EH
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K5 (%) 10.34+0.89 9.00+0.06 NS

T rfp kAR P<0.0001; “*** " fR3FP<0.001; “**"{{3£P<0.01;
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Table 6 Monosaccharide analysis, average molecular weight,
radius of gyration for gyration of ONSP1 and ONSP2 — 100},
s
Fbr ONSP1 ONSP2 B =
=
BRI (%) 443035 3.1540.25 NS =
2
M (%) 2.23+0.25 1.34+0.21 NS F
HIENE(%) 93.34+0.73 95.52+0.45 NS
43t (kDa) 47.20+1.7 53.20+2.50 **
[aljiEtA% (em’/g) 66.60+1.20 71.60+1.80 % 30 RPMI
B3R 2 5 AT AP S ONSP 9 H Iy 8 AR [ 11, [ B30 100 pg/mL
i, ASHFSE E W, AR 4> T 19 ONSP1 X RAW264.7 .| 200 pg/mL B
) 71300 pg/mL
A0 HLAT SR i R JIBE T, XS AZMI 459 [ g CLPS
BFFE—B0 . Besh, TATE T T O ek A 2 s}
ONSP1 f¥ [HHE- 42 {H A 66.60+1.20 cm’/g, ONSP2 £y
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Table 7 Methylation analysis and deduced glycosidic linkages

of ONSP1 and ONSP2

VM (] (min) P ONSPLETIAT(%) ONSP2UETAR(%)

8.30 1—>Glep 22.52 23.32
9.85 1—-3Glep 1.87 1.69
10.15 1—4Glep 61.85 64.26
10.37 1—6Glep 0.84 0.36
11.14 1—3,4Glcp 2.84 0.43
11.93 1—4,6Glcp 8.94 931
12.50 1—3,6Glcp 0.42 0.63
13.09 1—3,4,6Glcp 0.73 -
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