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The in vitro Fermentation Characteristic and Lipid-lowering Activity of the

Complex of Citrus Pectin and Monascus Pigment

LIU Haijing*, YAN Xueting!, LIU Huanhuan*®, WANG Changlu®, WANG Nifei?, GUO Qingbin*
(1. College of Food Science and Engineering, Tianjin University of Science & Technology, Tianjin 300457, China;
2. Institute of Biotechnology, Shanxi University, Taiyuan 030000, China;
3. Tianjin Yishankang Biotechnology Co., Ltd., Tianjin 300457, China)

Abstract: The complex was prepared by physical mixing (PM) and free radical induction (FR) with citrus pectin and
Monascus pigment as raw materials, and the intestinal health-promoting and lipid-lowering activities of the complex were
investigated by simulated digestion, fermentation and lipid-lowering experiments in vitro. The results showed that the PM
and FR groups were almost not digested during in vitro simulated oral, gastric and small intestinal digestion, the physical
mixing of citrus pectin and Monascus pigment complex had better fermentation characteristics, and the addition of
Monascus pigment could significantly improve the lipid-lowering activity of citrus pectin (P<<0.05).

Key words: citrus pectin; Monascus pigment; in vitro fermentation; lipid-lowering activity
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NS T PRI it 20 6 R S L R BASE T
ENINE SR RE AN iRt R b SR A2 (AP
AR, B, mEmaRl, A RmE.
P A AR S S B R S T B /N A
SEARSIMIR T B AT, IE B AT 3K W] LA R
ARERE PR AT, F A N T B LIS D RE £ il B
VAR

i, et R R ENEE, ERRINT
B B i A A T A B B2 B AN SRR T 4 2%
AEEAR, 2 KA RN, BORERR T & R,
SR BT S BT AR, PR T ILAE i e RO, B
FMRY], SRR AIE —E A B
RNeREE, MLLEIAR R, RS i a0k
IR HAEVEE L, HAO R AR R A B M 2%
FREATY G TEER, Ko7l AR ELAE A R IR
AT TUZETIE 2, FIUCRIR R SIEE RE &
BEUENTRNOE. WERE S E B
PeRaE PRI, 2 R (3K 55 2 P - B- ARG 11l 46 1)
AV L F R R KRR e 1,

ASHIE FONS B g Ja BRI 5 4L R AT R A
A A PR T A 1 3 A TR PR A A SR 5 4
ORE SV IIE st e RS 1k, AT 78 70
MR S i R A BRI, 7 RHEAR
i Lol B NSRRI A Rl R B
TFR SR BEHR AR -

1 MR5RE

11w

B A T T ST CREE, FED
R R REEMHRA R fiiEs
M (O W T TR TR, 7R, R,
RO AR, B , £ Sigma AF]; W
HACECE KRR A IR A FMERK A% (5 H
i, 100~120 kg) 45 .

GC2010 Plus BRI S AH A1 AY, HAR R A
A]; LDZH-200KBS Y i s K i, by F 2R dT 8
s YOX-1 BURAEREFRAE, g s e T 4
EARA A LD-10 B En KA RA GRS OHL, Kb
WA DA PRAF]; 1S50 A {d FLir AR e 21 b
ek, TTMER RS A IR AR SU1510
o7 24, H A Hitachi A®); PB-10 & pH it,
FEZ R RL=ZAER (AL AR 2 7 ; LP Vortex Mixer
RUINEHE P s, B RBHE: (R ED AR
AF; ZWY-103B BRI, EigR AR BT AN S )i
AIRAF.

ARBB LGSR

1.2 W%
1.2.1  AHAG RIR 49 $LIR g

Wz 50 °CHETF4T%r, 1L 40 Hifi. IIATKZ
B EE 3h, BREEGERULIERYE, &0t
T, HERFIACEE. 1% 1: 20 FURHRELG N N 2818
K, FHHFERREY pH=2, 100 °CHit#E 2 h, KA
Sevage LR E M, NN 60% /K 21, 4 °Cit#y,
B ELITNE , FARXS 27 i & 3500 & AT 4% 4T 48 h,
-80 °C¥ 4 Ja FL A WA T

K =0 SRR IK i B AR AT SR TR ARG 431 I
=M, 7E 2 mg/mL R H A 0.1 mol/mL =4
2%, f£90°C/ M 3.5h, M 3 EEFRTEK 2.0,
4°CIIR, BEOMUTE, T3 2IHAE R
1.2.2  #HHA%RIR 69 FZAE AR

T Ik 2 - B R VR I e e A R

DL LR B R AR AE R (AR B Iy )
5 R S BB R RS R 5 £

DAL I35 & E A bR
MEFESE A S &,
123 MEBRRE 4w e i LomiE &

KAMBEIRAVE. B iSSP RE Ry 3R
BHFERR SO ERIERAH (PM) . HH
EEFEEH (FR) , HAWHAE S5 % E XS
ML, EDHHE SRR (CP)  MHERIKE hES
H (CPFR) , Hil&IENR 1. W RHE IR TR
51, 43 K4S I VR A 73 B 3500 T4
EHT, BREARRMMEOER, HTEBINRERNES
SIS -

F1 HEBRRSIHhEZEAYNEIESE

Tab.1 Preparation method of citrus pectin and Monascus

K75 B s g it

pigment complex

T MR alhiex H20: 4eHE % C
R (mg/mL) (mg/mL> (mL) (mg)
FR 10 10 0.2 10.8
CPFR 10 - 0.2 10.8
PM 10 10
CP 10

1.2.4 ALFE&MAR

KFARAGER (KBr) & i AT a4
M5 lel, Sy BIHUEFREL 1 mg FE &A1) KBr 150
mg, FRFERDRGERT B 5], SR JE T AL B
15550 40 s (FRE S Y, A B e £ AR S i A
i, AR FEY 400~4000 cm?t.

H /B AR R 5 P OUTHT 5 R A ot Rl 04
ahE, PRSP S AT, 3 s A
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BEXHRE S AT ROW R 25 4 el
1.2.5  ARIMAEDIH AL HAF 7,

PRAMEALTH AL ). 255 ik ek P S5 T & (1)
T35 HIE B 0 AR (SSFD | A4 B i (SGF)
DA BRI AR (SIF) [ECH| 775 MR 2. IR
KB B LA -

R2 RSMEBGEIRIVELS

Tab. 2 Preparation of simulated digests in vitro

SSF SGF SIF
KCI (mg) 112 - 50
NaHCO; (mg) 114 120
KH,PO, (mg) 50 12 11
CaCl; (mg) 22 12 8
NaCl (mg) 12 310 220
MgCl, (mg) 3 3
¥ M1 £ (mg) - - 200
pH 7.040.5 2045 7.0#05
a-TENEE (U/mL) 75
BHEAR (UmL) - 2000
JEERE (U/mL) - - 250
[ A (U/mL) - - 100
UK (mL) 100 100 100

PRAMERL T B A : 208 Chen U8 J VL F 1%
TEfEM . 8.0 mg/mL # i -5 S5 AR AR AU e VR
4, 37 CIRHFF 15, 30 min J5, /K 10 min
KiG ok, AHEELEH, SHEE 3N E
=.

IRAMEAL B WL : S8 Hu S0 575360 115
M. 8.0 mg/mL Ff SV S SR AL B R A, 1A
1 pH=2.0, 37 °CHRHHEFFE 1. 2. 3hJ5, Fh/KH 10
min KiGHEAM, AHEZLEH, SHEE 3
NEH.

PRAMERL Nz AG: 218 Ding 2200 7 VL
TEABTA . F 140 B W AL 3 h 5 FORE S v v S AL
faiid 10 « 3 RFLLIR A, T pH=7.020.5, 37 °C
Pe¥EFR 1. 2. 3h G, WhKHE 10 min K& kA,
REEEOEH, $HKEINER.

AN 2 T R I A2 . R i BORAH
Wt (HPLC) P i AH X 43 Jo & o HHERFREL 2 mg
KT 1 mL 0.1 mol/L NaNOs i& ¥ 1, 60 °CHit +¥: 6
h ZRE S AWM, 1T 0.22 pm K RIERE, KA %
HHRKBR LR (10 pum, 7.8 mm>300 mm) . A
AnZzfrillds (RID) FILAMEIEE (SPD) HIm AL
TRAR EL TSI 1 b AR 2T R . i 2k

JBNAHY 0.1 mol/L NaNOs ¥, Al E H 40 °C,
FEN 0.6 mL/min, #EFEEN 20 uL.

TH AL B34 SRR R 5 . R A DNIS VA2 s
1.2.6 HRINMAEDAEE AR AF AT

KA TEAIRE S A% SRR T B R
sy, AT ERUR .

PREF: 77523 (mg/L) : NaCO34000, (NH4)2SO04
900, NaCl 900, K,HPO, 900, CaCl,50, MgS0Os 50,
MnSO, H,0 20, FeSO47H,0 20, ZnSO4 7H,0 20,
CoCl 6H:0 2, 7JRE 1, A 2, MMt 2, 4E4
# B12, 44 EK By 2, 4EEE Be 2, 4EA25K B120.05,
AR HOS5, MEIEFHER 0.1, AWK 0.1, MR
0.05, -tz 1000,

RO AR . AR SMNEERR 77152 1] Ding %5128
(7L A 158, PM. FR. CP. CPFR 25 Ay
— BRI, HAINE 1%, B4SE A nE A
10%, RESIIRE 25 T A ) A0 PR A B 7R i AR R A
T RRAL, LAAGHRY N PH PR IR A . 7 B 00 R 43 1)
FREUFEh 0.06 g, TN 6 mL 559235 il . IR
ARGFRAE T, FREL 0.6 g S IIH A T B L E
3 PR IR, R IRS . BEOE
FE DS, FANRELF, 37°C. 250 r/min B
fiff 0. 6. 12, 24, 48 h, IKIKHEFE, HO&IbREE,
H 37 I T T R D A i R A R TR A

8 T T T e T AR 1) S AR o S 1y - PR 1 1)
WIS . FIRENSIIER (SCFAs) S FH #AJBE B A AH 2 1E 4
e e,

R 4 12 21 S5 2PV ) 7 3 R A0S S0k A7 i 1
HERE AR R T T AN FO 52 o 7 2 mL R BRI N 751
K, FRBEETOLE N 0.2~0.8, FELAZEEK NS E X
M, %E 385 nm (KRB EZER) o 470 nm (RERRE
&) . 505 nm (RRELEF) MEABMEIIRK,
e (D W EOH.

S=AV-n/m (D
X S, Ulgs A NFRREIOLE: VA
FEMIRBUBR AR, mL; m AFERRE, g n A
BEAEHL
1.2.7 ARINEREE AR

R 25 76 B 128 18 7y sz R R P e

R I 77 T A1 £ R 1 )N < DA BRI A Sy B 1
SRR, VTR RE i 00 i s T e B 0127 AR N
e TR E 1, AR S MR IDTRGARD 4-FR <o 2 1 il 2
fig (4-MUO) ¥ fife 76 = ¥& Ik 20 5% P Jt 3k 1% 36
(Tris-HCIZZ 438 H (13 mmol/L Tris-HCI, 150 mmol/L
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NaCl, 1.3 mmol/L CaCl,, pH 8). &t 96 FLHK 4145
B 50 uL 0.1 mmol/L 4-MUO #1125 pL A [E)He JFE ()
FEf, 25 °CHFHE 5 min, SRJ5NA 25 uL BN
mg/mL), 25 °C 5 30 min, % &1 Tris-HCI 2%
MRACE MR B &2 A, LA 340 nm ORBEUR PR,
460 nm AR AL SRR IR o TR TG DT e ) 2
B (2) 5
1 - Bblank

BRI (%) = (1 -1 ) X 100%

2
Hodre A FI B SR TC R 7 AN TR D7 i S BT e
i) FI, Ablank 1 Bblank #2& F Tris-HCI 22 il & ACFF
i 2 4
1.3 HuEAE
SEHG I E S B MR E /] SPSS 25.0 4r b fF
AT B R &5 2 0 M ANOVA F1% 8 L #59%: Duncan
BTG, e BT A3 3 1) 45 A P 5 22
BHTHRR, 4 P<0.05 W EREE, RAHS
THEEE L.

2 HBRE5SH

2.1 HBRERAIBILIEIRS T

SR B A SR b 2 5 (46.2743.03) %
B RR S B (75604362) % EHAM Y E
(3.6320.16) %. MRHEMELE R IAAE, CP Af
WEpEsE, BEARSEEE, RPRIUHM
MERR BB R e, PR .
EAR S B AL 100%LL I, X0 682 8t K-
B RV N 52 S N 3K o B €007 1) &5 SR T RE A e 41
AR R P RE S 5 Lt b
22 HIERRSIheRESUNLESEHSH
221 MGt TRLTIN RE AT

PR 1R, RO, iR
HHH P T 1540 omt 22 AT A AT il (0 R AR 10, 3t
97 55 B 7 T O () R A 4 4R B . 7E 1740 emt A2 4y
LT R C=0 BB IZs), X2 Rk
TR, PM 20N FR 4L 2T A6 B 2 BT ih (2 AN
MRS B GE RSN, #EE w2 FER
21 i 0 22 A RFAE IR AT 0, (L 35 (AR %o U i AR [
R EATTZ 83055 2 Bl R BE 1R R IR EEAN ] 6
222 AESARNT &S5

FEAR BT 2MEEwE 2 Bk, CPAHREM
AFRI AR, A R B8 T A ) £ 4R 454
DTEGCRETYE, PM A LRy EHIMRIRIERE,
IRy T AC G, CPFR 4 2B/ —HEF

ARBB LGSR

WEEDIR, TR INE R FR 41 BRI 20k, KL
FLIF, 537 IA R NG LA 2 M5, PM 41 FR 44
Z M ZESF TR T2 3 mEES G 57 R
=N, MCEIZR, BamtaRnin AR TR
Ry FHEIRNN R & SR B SR IR TE &
5.

1 EEMHTRIIMEEE

Fig. 1 Pictures of Fourier transform infrared spectroscopy

CP PM

FR CPFR

B2 HEBFEREE

Fig. 2 Results of scanning electron microscope
2.3 IMERUEAFE A
23.1 HALEARAT TR M A

B EE . B AN AR i 2 A
T & HPLC B 45 JanfE 3 ATz, R0, i (SSF) .
B (SGF) . /Mg (SIF) jEfbidfEd, CP 4. PM
H. FR 411 CPFR ZH 1 22 Wil {2 B INF 1) AR [ AR LF
WA KA, 4 HFE G B AER 7&2Z93)50
J&: 5.3762 X 105~5.3211 X 10°, 5.2245 X 10°-5.1709
X 10°, 83.66X10%~6.926 X 10*. 8.366 X 10°~7.251 X
10% R BRI ALK 4 ZHRE S AR 4 T RIS A R
Wy, W LA PSR ) BA S, ARt K IF
ST AT SRR () G B A 4R . FR ZHF0 CPFR 41
FIFN 2 F R T PM Al CP 41, XATRER N
H202/\VC 14 Z 0 i R HEAT 1 IR Ff
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(b) PM A

(c) FR4A

(d) CPFR 4
E3 wlOE. B, DMFEL ST ZEERE S FRE HPLC &

Fig. 3 HPLC plot of molecular weight of polysaccharides during oral, gastric and small intestine digestion

232 HALR T HBILRBESFHN L AR, REFTE 5%LAN .
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B (Mw) HIAB bR S 28, AN ] TR T ) fi 1 1
BB 2 BEAS 20 T L R AAC A 4 P, i
INFIR) Rk, A2 7 sk . SRR, BEE K
FEIN [ B SEAC, A b Ig ] B L, R
KRR 2 BEARNS 1 U B W PR AR, 10 B S I 41
U ZR T AR i 25 BE AR 3 T R R P T A A P
x3 RO 8. MEEUEYIRERPEEES ENE
%
Tab. 3 Changes in reducing sugar content during oral,
gastric, and small intestinal digestion

AL i E/h R HE (mg/mL)

CP PM FR CPFR

M 0.25 0.02240.005 0.03840.001 0.10540.006 0.05840.000
0.5 0.023#0.003 0.03340.002 0.107=0.003 0.041+0.002

1.19240.008 1.2880.026 1.25540.043 1.248+0.028

it}

1.19440.027 1.290=0.029 1.22440.006 1.26620.040

w N

1.24940.022 1.27320.035 1.23540.018 1.256+0.028

%7 1.18840.031 1.24140.046 1.189+40.006 1.23620.046
1.19240.035 1.238+0.030 1.18440.011 1.200240.026

1.18040.028 1.22240.029 1.17940.009 1.19440.023

o AN

1.19240.008 1.24240.005 1.18740.024 1.23140.023

A:CP4H; B:PM%R; C:FR4H; D:CPFR %R
B4 F[E LB E M EREFEERNSERN S FRET
1

Fig. 4 Changes of the polysaccharide Mws from the
fermentation broth of intestinal flora at different time points
242 niE AR T R B R A SRS T RAL

OB R AR A H AR R B KA S R K

TR R, S [ R T I [ I T TR AR AR 1 S
BRI 4.

x4 TRIABNEGEEHERANDEIEE N

ARBB LGSR

Tab. 4 Changes in total sugar content of the fermentation

broth of intestinal flora at different fermentation times

Ff i AR B A Ch) S (%)

0 37.0340.02°

6 35.6040.03°

CpP 12 31.730.06
24 30.510.03

48 28.5240.15°

0 33.5640.08°

6 31.8740.06°

PM 12 29.2440.04°
24 28.5340.19¢

48 27.5640.07¢

0 33.7340.04°

6 29.610.07°

FR 12 28.9540.19°
24 27.3740.28°

48 25.640.03

0 32.05#0.31°

6 31.4040.09°

CPFR 12 30.9640.05°
24 29.600.02°

48 27.8740.03°

W REAFRERARENEER (P<0.05) .

RIFR RS B R ERFIL (P<0.05) , CPA
M 37.03%[% % 28.52% (A-8.51%), PM Z1M 33.56%
B % 27.56% (A=6.00%), FR ZH M\ 33.73%[% % 25.64%
(A=8.09%), CPFR #H M 32.05% % % 27.87% (A
=4.18%). SFEH)EE TR H T2 e X
R WA KA B P TE R, U 2 0 T
TR 1) FH B2 A i 1 22 1 B E3OL . R P PR T
DU e tH A2 i T R AR R 2, ARHIEFL R FR ZHAE
JiTE T FER R F A R, Hokgg CP 4A1 PM 4H, CPFR
Higl.
2.4.3 Jhil W AEEEMRITAR R BER 49 pH A= SCFAS
e T

AN R B R R R pH ERIB)A AR A
[F) 2% I e 45 i ol 26 0 TE o R 4R 22 W ) % e R R
(291, AN [) e T 1] Pt B TE A 1Y) pH 2R A i ] 5
s, HPAFEFRERRAAREEZR (P<0.05) .

A RV iE m AR, A2 pH R
B, TE TCRRUE 0 25 T R b, UL 2R o 5 1Y)
pH i, IX T AE A PRI SCFAs P AEm il fit 5 & M
JRFEAE R R AR, RN 5 FR, BRI
i 21 PM 4R 5535 5 1) FR 7R R FE v
pH %I 6.75 [&% 4.67 (ApH=2.08)F1 6.34 &%
4.83 (ApH=1.51), R thtaz ) CP 411 CPFR
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I pH 737 M 5.29 %% 4.28 (ApH=1.01)#1 6.11 [%
% 474 (ApH=1.37), %2 pH M 8.52 [£ % 4.02
(ApH=4.50), BaJ5ET €, pH T FlE ko B
REEFEIE s, RIR IS InZr ih (5 3R 11 PM 41K R R FE
JERRTF FR 41, K& CPFR 4UF1 CP 4l. #inrih
BRI PIAALE K 0~6 h .35 T [#(P<<0.05), 1M AR
e R PA T R E R, Kk, adieRirn
AN KIESET: T R AR SR 0 v] e et

5 7% BT ) %18 B R EEARRAY pH ZE 1L
Fig. 5 pH changes of the fermentation broth of intestinal

flora at different time points

SCFAs £ J7iE W #HAC Y, eAIEm Mk

ARG RS eE EEAEH . AR R B2 ] i 1E
BRI ARV 1Y) SCRAS & &b &l 6 fin. CP 4.
PM 41, FR 41l. CPFR HA5GMUL1E K 48 h 7oA
MEREES ST AN RA. CRAAERZER
AR IR A A A ) 3 B SCFAs,  TUZHA: 18] AH B
Fds, CPA“ARIZRE. WIRSERE, 20N
(32.17+1.37) mmol/L 1 (4.1420.07) mmol/L,
U FR 4180 PM 41, CPFR 41774 1) Z B IR R &
Bk, boh, BROERAINIRSL, HAth 7 Fl SCFAs
Ve R

ZHEWE BRI, FAE SCFAs X156
WL E RN RS R, AW, CPAYERAR 48h
PP S SCRAS & &t mr, HE PM 4UA1 FR 41,
LM IR A B EE () SCFAs, ZMREL2miB s
TR AT T A R RUR, R R S 2R AR A AR
BHEEHIE S0 PR, K2 90%I A ERIE I [ 1
ik A ack B, R AR K — 350 2 FH 1 S A A ol
I e 22

El6 A[El%ERETE)M7EE R B AR RAT SCFAs S BT

Fig. 6 Changes of SCFAs content in the fermentation broth of intestinal flora at different time points

2.4.4 il A AR IETAR T R BER B9 B AL

FI LA AT WL 436 e BE V2 72 PM 4R FR 4H1E
R R A A AN AR A . AN [F) R R[] R
R R AR B 7 B, PRRES

(a) PM4EM

B 2 Pz B TR S K T B . PMIZEL I €4 A 2560.3 Ulg
F%% 1232 U/g (A=1328.3U/g), FR ZH M 1832.9 U/g [#
% 951.1 Ulg (A=881.8U/g), PM H (4L #h {3 A1) 1 2
=T FR 4.

(b) FRE

E7 AFELBREMERFEEANENEL
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Fig. 7 Changes in color value of the fermentation broth of intestinal flora at different time points

2.5 {RINBERRIEME AR
25.1 PEBERANR M AL T AT

R £ 2T 4k 45 A RE R B 1% A8 0 T DAk 2> I 2 %
W, 5 T A0 A e ] %) 0 A A O R 4 5 L 25 5
1, AT AR ot 2 HE K, e B B AR AR B
RN Y B4 SR 8 FioR, b AR RERIR
HREMEER (P<0.05) . FEMFBRERNKET,
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