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Abstract: In this work, the Panax notoginseng flower residue was mixed fermented with the kefir grains and kombucha
consortium to investigate the effects of fermentation parameters on the functional properties of the soluble dictary fiber
(SDF) and insoluble dietary fiber (IDF) by single-factor and response surface experiments. The optimal fermentation condi-

tions were as follows: the broth ratio of kefir grains and kombucha 2:1 (v/v), inoculation amount 8% (v/w), culture temper-
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ature was 28 °C, and fermentation time 53 h. Under these optimized conditions, the fermented SDF (F-SDF) yield was

40.32%, and its functional group abundance had been significantly enhanced. For F-SDF and F-IDF, the water holding ca-

pacity (WHC), oil holding capacity (OHC), water swelling capacity (WSC), and cation exchange capacity (CEC) increased
by 80.30% and 89.77%, 69.37% and 76.77%, 111.98% and 67.18%, and 58.82% and 122.22%, respectively. The adsorp-
tion capacities of glucose and sodium cholate increased by 61.18% and 72.66%, 22.50% and 22.61%, respectively. Under

simulated gastrointestinal conditions, when the pH was 2.0, the adsorption capacities of cholesterol and nitrite were signifi-
cantly increased by 24.77% and 20.65%, 21.48% and 19.28%; when the pH was 7.0, the adsorption capacities of choles-
terol and nitrite were significantly increased by 22.67% and 29.45%, 19.27% and 24.90%, respectively. In conclusion, the

mixed fermentation effectively modified the physical structure and functional properties of the dietary fiber derived from

notoginseng flower residue. The results provide a theoretical basis for promoting the high-value application of notoginseng

by-products.
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Fig.2 Effect of mixed fermentation conditions of kefir grains
and Kombucha consortium on F-SDF extraction rate
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Table 2 Response surface test results

st A%‘iffifﬁ%g% B C D F-SDF/5 %
BIRBERILYE]  wHEmE REE R EERE (%)

1 0 0 1 1 34.63+0.31
2 0 1 -1 0 31.78+0.62
3 -1 1 0 0 26.72+0.49
4 -1 0 -1 0 26.84+0.09
5 -1 0 0 -1 31.2120.25
6 0 -1 -1 0 31.34+0.41
7 -1 -1 0 0 27.46+0.41
8 -1 0 0 1 32.47+0.41
9 0 -1 0 1 35.44+0.41
10 0 0 0 0 39.47+0.41
11 1 -1 0 0 29.46+0.41
12 1 0 1 0 27.02+0.41
13 0 1 1 0 32.01+0.41
14 1 0 0 1 38.97+0.41
15 0 0 0 0 39.89+0.41
16 0 1 0 -1 35.46+0.41
17 0 0 -1 1 36.53+0.35
18 0 0 0 0 39.35+0.35
19 -1 0 1 0 27.28+0.35
20 0 0 0 0 40.6240.35
21 1 1 0 0 32.89+0.35
22 0 -1 1 0 27.48+0.35
23 0 -1 0 -1 33.28+0.35
24 0 0 -1 -1 34.6620.35
25 1 0 -1 34.85+0.35
26 0 1 0 1 37.91+0.35
27 1 0 0 -1 32.82+0.35
28 0 0 1 -1 30.4620.35
29 0 0 0 0 38.65+0.35
3 MR R EIE D R Dy 22530 F-SDF #3545 3

Table 3 Response surface quadratic regression equation analysis

of F-SDF extraction rate results

FZEORIE FAFM HBME B FH Pl WEE

[FIJEERL  536.10 14 3829 6690  <0.0001 ok

A 48.12 1 48.12  84.07  <0.0001 ok

B 12.63 1 1263 2206  0.0003 o

C 24.42 1 2442 4267  <0.0001 ok

D 27.18 1 27.18 4778  <0.0001 o

AB 435 1 435 759  0.0155 *

AC 17.10 1 17.10  29.87  <0.0001 o

AD 5.98 1 5.98 1044 0.0060 ok

BC 4.18 1 4.18 731 0.0172 *

BD 0.02 1 0.05 0.04  0.8508 ns

CD 1.32 1 1.32 231 0.1508 ns

A? 221.20 1 22120 386.44 <0.0001 **

B’ 113.59 1 113.59 198.44 <0.0001 o

c 160.77 1 160.77 280.86  <0.0001 o

D’ 0.08 1 0.08 0.13  0.7206 ns
B2z 8.01 14 0.57

PRiu 5.91 10 0.59 1.12 0.4963 ns
4% 2.11 4 0.53

it 544.12 28

e PR E ML (P<0.01), * TR 257 I3 (P<0.05), nsFRnZE R A
E(P>0.05)

2.3.2 WA EAZEAEAST  RE iR g R, )
JH Design-Expert13.0 5442 il mi o T8 Fe 55 i 26 K]
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Fig.3 Effects of interaction of factors on the extraction rate
of F-SDF
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Fig.4 FTIR spectra of SDF and IDF in P. notoginseng flower
residue before and after fermentation

TE: (a) =-LAE# BTG SDF 484k (b) =L 18 & IR
J& IDF {A73E 4k

(BRI AR BT AMGHE(FTIR) (& 4) s, =HAE
7 SDF 5 IDF Iy 5 Bl e A AR AiE IR WA e, (& 5%
RS A T BH s, SRAH R s 1 R
fh2iatity, BRI : KIEERESE 3430~3670 cm ™
(O-H sl WEsmysk 55, 2B £F 4 PN S E ]
T/ B FE 2840~2960 cm ' (C-H {Hi4aRsh) 54F4iz
SEAR ARSI XK, 7F 2 T S WS AT T s, $Eos &
BEAT BE T 20T RS A S B S I s AE 1575~
1735 cm ' (C=0 H4a ¥R 3l ) Wiy 55, X N AR 152 1)
PRFLCA AT R SRR Ot AN A BRSO
AFAT e, JETT R 0 L BH B T 3g e BE 5 7E 1400 cm!
(R BT ZEAH A, Sy ) Wi s e, iX i RS i PR B ER
FIFETERY; 7 1030~1162 cm ™' (C-O 45 HR3)) K,
KIERT/S SDF 15 & 22 53 i 2 S A AR i X
FHEE AL T B &5 RRAER; HoAth X sk 4 600 em ™ Bff

WSS T B- Nk BRI RFEIERS); 2279~2401 cm™
X3k e 7R A I SE 1R, 1] RE SR S AR B el A
W FEA XL,

R W =L AE I LT Y RN 57 4T 42 & A 41 4
R CRAgER | R RGIE LI 55 KIVE
MBI B SR 7 A AR B RE A, (H 1 S 3B s T
HEBEH (In¥edk | B3t W3/ 35 19 8E F
B FA3F W]/ 53 P GRS (AN &), S5 R4
AR R R K IE A (FR 3k | ¥ 30) Bz, Wi /K &k
71, SDF 133 L FHRER AR LT 4 s fre b, B et A
WO G S & € < o | =Y T A G Al B R ww A o =
2P U HSZ T o) ZE TN RE B Sh N 4t
R
242 KNG = LAEE G L i KGR . BH
BT SSRGE TSI R KT = AR LT AR L TR S
=B AT AR A AR RN BH B 7 3c el i e 45 SR
DL 4,

4 KBTS —-LAE# SDF Ml IDF (/K A4 R 2 1
HRE
Table 4 Hydration characteristics and cation exchange capacity
of SDF and IDF in P. notoginseng flower residue before
and after fermentation

B, ek Fim A Wk FHESTFICHhEE S
(g/g) (g/g) (mL/g) (mmol/g)
F-IDF  4.08+0.24" 1.75+0.21™  6.52+0.33" 0.20+0.02°
F-SDF  2.38£0.19"  3.76x0.44"  5.13+0.43" 0.27+0.01°
A-SDF  1.32£0.27° 2.22+0.26"  2.42+0.27° 0.17+0.01°
A-IDF  2.15+0.31"  0.99+0.25°  3.90+0.54° 0.090.01¢

e AR R T 1 22 5 .35 (P<0.05) 6

Fpk 1PN R B 4T 4K R RE S iz o
B, B MR PR REAS AN BB o 39 i 2% A BUIE 1F
JHIB BN, IS REIGEE R 4T 4 pI 45 A Th BRI MR B
SRR, i ER 4 nl g, =-EfE IDF AR ) B3
F1 T SDF(P<0.05), Ko G ELF 4R K T AR &
Tz 2H . 25 4 F, Hob SDF $2 55 80.30%, IDF 42 &1
89.77%. X —&RSGIREG Kz b i M FH %
VIAEDG: LU PH 5 353 PR PR R B R v h o i i 21
Ye R, LT L R AR MEIRSS, nI A R — B e
WENEE LY P AT 4R | e R SRS, i
WA 1 B8 2T A5 4, (i1 A Z FL I Tk
WTE 25 LR 4ESS A n B AA T b 250 R T LR E AR, i
T30 T A 53 W ST 15, B ST B 7K g ) i 25 4t
FHB738 45185 FTIR(E 4) 538745 0w B — 2
RIRIEIEE L 4EmIZI oM s BN, S E AR
BEVRES, T R AP EOEE LT e S5 f B slHT i A 41
ARG SRR R (N3 dE-OH | R HL-COOH) 4H-1E 1%
R S . X R PH R RSN ok AR AR
T EFYEN RS, 330 1o R R T 2 o K A 2
WsE T4 5K - EAERRE /1. & L IRAE A
P AT (el =L AR i £ 2T 4ETE B i AR A I 285 4%
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Je HFR i 25 7K I A Y 3 BED0), F-DF WKk J1488 A-
DF i #$2FH(P<0.05), Hvf SDF 5 IDF 4 iliE 45 51
i 111.98% 1 67.18%, iX —AEfL 5 4 h ¥R IL oz
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RAB & WL 0 BAa AR, B ZE(RAE B i T & Hhn Y
.

FEIh 1 VP R 2T ¢ i i e R BE T i S A
548, F-DF 09350 /1% A-DF 2 3 #2 7} (P<0.05),
Hrp SDF 5 IDF RS+l 1435485 T 69.37%
M 76.77%, S5E 4 iR &5 25— 5, A6 S
2% 1T IS (3430~3670 cm ' ISR 55 ) . LR 4S5 M 5
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2960 cm' WEHSTE ) . SDF [ FLAS MR L TE g
LEGALI, RIS BN AT AR X 2%, ik S 22 5%
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Fig.5 Cholesterol adsorption capacity of different fiber types
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Fig.6 Nitrite adsorption capacity of different fiber types
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Fig.7 Adsorption capacity of glucose and sodium cholate
of different fibers types
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