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ZLEW (Ban), fEEHHTMH S, IKEF
(Por), ¥aALBRAK=AHIRAE (hEESE); LE
(Gra) B BE=R (Eue) , &85 (fi 2 ) &2 wh A BR A )
(hE AR ) 5/ BB W40 s RAW264.7, v |8 B} 2%
% 21 i %2 (National collection of authenticated cell
BRI (o ai g ), [ 2 5 Ak
AR PR A A (PR )
12 UHFE5EE

BioTek Cytation—5 Fpr{, 3&EAME LA
BR A 1 sHERAcell VIOS 1601 CO, 41 i 55 37 4%
FEBR QAR B 2 7], YXQ-1008 T 37 285 S 2535
KE S, IR BT AR AR By A R W 5 A-
vanti J26XP #58& UR B AL, B DL S N
LC-20AT @ 0B AR @I, B A A,
1.3 FHi&
1.3.1 W EEER A LLBEE ILE BB
R ZKWESE , TR T 60 CHET ZH &, ffi H]
R TROHS TR I 0 ) K A ) ¥ A ok 0, 3 100
Hiii, &AM AE 65 C T #47 EL KB 30 min,
#wH.
1.3.2 B EiEAE (O -FH /N ARSME
it 22 2% Brodkorb 1Y 7 T ISR B 2, iR
B A A P A [R] I [ TF AR R L 12 000 1/min
B0 15 min, BCEIE AR T 4 CF, LULR 220
R T 1N 4 Rt i s SR s Al
1.3.3 ML kB RN g kB RS %
Lopez—Barrera S5"J7 i JFBEARE B2, TE KT 0,6,
12,24 h ISR RE S A A7 1E-80 °C, I T Ze il i
J5 5 JIg 105 12 (Short chain fatty acids,SCFAs) F1 /%
TE TR A2 A, B i — =X 3
1.3.4  EOMEFIGE JFORE S A E 8 RO S
g R 3,5- A Bk b R 1™, oK AL & )
3 e R — A R VT E
135 HEHABEERMNE HHBS &% H BCA
ARG R EIE , B 20 wl A7 3 AL i iR
T 96 LA B FE AL AR S SL A 200 L
i) BCA TAEW 7€ 37 C T E 30 min, FHEFFRIL
imufé’ OD562nm {EO

cultures ) ; H

1.3.6 G Eaiile B A B A A
1y 285y Jo S 3 2o A AR U (R TR
(0~100 pg/ml) B bR EM L ¥V = 6.559X + 0.057 (R?
=0.9974) AR IE bR fE 2t S E it

1.3.7 ANk B RE P pH {E 1 SCFAs 2087 H
pH 1 5 25 11 21 Fifg 6 41 FE & BE R R R 0,6,
12,24 h /9 pH {E , 38 2 & RO AH @35 X SCFAs 1)
T AT A BT . (3% A Ultimate LP-C18
(150 mm x 4.6 mm,5 pm), # if# (40+0.1)°C, Ji 30
A (A) W 192 £h 2% #h i (80% ,pH 2.86) F1 (B) Z il
FiHE 0.8 mL/min, #EFE 20 WL, UV L4MEKE I 28 /Y
WA K 210 nm, FEMRTES 100 wl 10%¥ 5L 72
PIRA AL FE, 3 mL JEK Z ik, % HL 20 min, 8 000 1/
min 2.0 10 min, B EZEAVA, FEINA 0.5 mL
1 mol/L. NaOH Z¢ 18 ¥ 5 20 min 5 &5 .0 HUK A,
A 100 pL M ER R | i 0.22 wm R, fii ]
W FEAE 2.5~100 mmol/L 2 [8] (4 4li SCFAs ( PR . A
M2 TR IEGER R RmR ) JE T bR fE T £k DUE =
FE S SCFAs FM

1.3.8 WM AEWR AT KB 24 h )5 0% KB
WG R AF TR A7 T —80 “CHY R R Uik vk AR
I DNA $2 a0 & r w1 1 BAREAE D
R B 4% B it R B9 DNA, 518 %5 168
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W Xof SC PR HEA TN T | B S R AT A A B2 AT
1.3.9  FWEZ0 A 35 3 AN S S e /N
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ML LL 2x10* cells/FL i) %5 B2 FP T 96 FLAR H , Bs
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K bW (12.5,25,50,100 wl/mL) fiY 45 3% 3 1
W E M 4 h, 555 & LPS (1 pg/ml) 85 37 3
Wi 12h, R LW, H IxPBS 156k 2 1k,
BIA 50 WL # MTT # ¥ (5 mg/mL) , 4k 22 55 5% 30
min, PBS PRI PE 2 W5, A 100 wL % DMSO
P35 55 3% 30 min, 3 5 BEAR A E ODsyon {8, I F
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Table 1 Different nutrients content in four red algae

ok B8 /mg- g B Ak /mg- g %8 fit/mg- g &R AE/mg- g
Gra 0.348 £ 0.015" 549.065 £ 9.613" 22912 + 0.801° 11.684 + 0.326"
Ban 4.406 = 0.113¢ 270.608 + 6.936" 58.929 + 1.989" 12.553 + 0.376"
Euc 1.326 £ 0.113" 650.032 + 10.540° 9.740 £ 0.717¢ 10.054 + 0.282°
Por 3.972 £ 0.087* 447910 + 8.174° 104.166 + 2.461° 9.5114 + 0.094¢

TE AR AU 4 Bl e 2 ) BT 2 35 1 22 5 (P<0.05) , R Al

x2 HEIUHEKHWARMEE 4 MAoRNEESETN

Table 2 Changes of total carbohydrates content of four red algae at different time points during simulated digestion

& HE/mg- mL!

AL 30K AL B 18] /min

Gra Euc Por

o H A
0 0.1203 + 0.0045* 0.0893 + 0.0027" 0.0367 + 0.0009¢ 0.1152 £ 0.0147¢
5 0.2178 £ 0.0135* 0.1821 + 0.0008" 0.0729 £ 0.0101¢ 0.1233 £ 0.0017¢

7 HAL

15 0.8755 +0.0202° 0.5927 + 0.0059" 0.4865 + 0.0756° 0.4072 + 0.0078°
30 0.9748 +0.0130° 0.7489 + 0.0318" 0.5322 + 0.0950¢ 0.5148 + 0.0207¢
60 1.0737 £ 0.0175° 0.8083 + 0.0588" 0.5412 + 0.0303¢ 0.6536 + 0.0084¢
120 1.2307 + 0.0084* 0.8403 + 0.0134" 0.5949 + 0.0439¢ 0.7697 + 0.0186°
180 1.2901 + 0.0126* 0.8560 + 0.0078" 0.6210 + 0.0557¢ 0.8628 +0.0114"

N A
15 1.2925 + 0.0575° 0.8680 + 0.0716" 0.6961 = 0.0422¢ 0.9662 + 0.0672"
30 1.2940 £ 0.1394* 0.8707 = 0.0201% 0.7006 + 0.0422¢ 1.0055 + 0.0532"
60 1.3019 = 0.2005° 0.8770 + 0.0140™ 0.7069 + 0.0451¢ 1.0655 + 0.0096®
120 1.3236 + 0.1664* 0.9066 + 0.1184™ 0.7227 £ 0.0201¢ 1.1307 £ 0.0048*
180 1.3914 + 0.1525* 0.9276 + 0.1708" 0.7654 + 0.0462" 1.1442 + 0.2543®
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Table 3 Changes in reducing sugar content of four red algae at different time points during simulated digestion

A 07K AL B 18] /min

& JR A% /mg-mL!

Gra Ban Euc Por

v R AL
0 0.2936 + 0.0463° 0.0198 + 0.0059" 0.0540 +0.0332" 0.0356 + 0.0050"
5 0.3886 + 0.0565° 0.0274 £ 0.0050" 0.0665 + 0.0044" 0.0451 £ 0.0144"

B A

15 0.6594 + 0.0627* 0.0315+0.0111" 0.0880 + 0.0092" 0.0657 £ 0.0111*
30 0.6627 + 0.0169° 0.0369 +0.0133¢ 0.0766 + 0.0104" 0.0728 + 0.0102"
60 0.6774 + 0.0831* 0.0532 £ 0.0292" 0.0788 £ 0.0041" 0.0918 + 0.0061"
120 0.7132 + 0.0584* 0.0608 + 0.0126" 0.0853 +0.0067" 0.1059 + 0.0189"
180 0.7741 + 0.0347* 0.0641 + 0.0047" 0.0858 +0.0241" 0.1173 £0.0161"

2Ny R i
15 1.0408 + 0.0347° 0.2336 £ 0.0107" 0.0891 + 0.0207¢ 0.1205 +0.0133¢
30 1.2787 + 0.0565* 0.2401 £ 0.0041" 0.0913 +0.0148° 0.1260 + 0.0229¢
60 1.4449 + 0.0055* 0.2412 + 0.0092" 0.0956 + 0.0126¢ 0.1369 + 0.0236°
120 1.4525 + 0.0156° 0.2575 £ 0.0324" 0.0967 £ 0.0177¢ 0.1401 = 0.0346°
180 1.5014 + 0.0748° 0.2586 + 0.0216" 0.1021 + 0.0363¢ 0.1499 + 0.0593"
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Fig.1 Changes in nutrient content of four seaweeds at different time points of simulated digestion
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Fig.3 Changes of SCFA content during colonic fermentation
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Fig.4 Structure of gut microbial community
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In Vitro Simulated Digestive and Fermentation Properties of Four Kinds of Red Algae
and Their Anti—inflammatory Effect
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Abstract Objective: The aim of this study was to explore the digestive and fermentation properties of four economic red
algae, including Gracilaria lemaneiformis, Bangia fusco—purpurea, Eucheuma muricatum and Porphyra haitanensis. Addi-
tionally, the anti-inflammatory potential of their fermentation products was evaluated, so as to provide evidences for the

high value—added development of red algae. Methods: The changes of total carbohydrates, reducing sugars, proteins and
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total phenols in four red algae were determined by simulating oral and gastrointestinal digestion and colonic fermentation
in vitro. The effects of red algae on intestinal microbiota were analyzed by Illumina MiSeq sequencing of 16S rRNA gene.
The content of short—chain fatty acids in fermentation products was analyzed by high performance liquid chromatography.
The anti—inflammatory activity of different fermentation products was evaluated by LPS—induced RAW264.7 cell model.
Results: During in vitro simulated digestion, Porphyra haitanensis exhibited better bioavailability of carbohydrates, pro-
teins and phenolics. The indigestible portion of these red algae reached the colon and were fermented by the intestinal
microbiota. Porphyra haitanensis produced more short —chain fatty acids during fermentation, while all four red algae
showed the ability to regulate the intestinal flora, increase the abundance of Bacteroidetes and decrease the ratio of Fir-
micutes/Bacteroidetes. All fermentation products exhibited significant inhibitory effect on LPS-induced inflammatory injury
in RAW264.7 cells, and the Bangia fusco—purpurea fermentation product had a better inhibitory effect than others. Con-
clusion: Four red algae exhibited good bioaccessibility after in vitro simulated digestion. They were able to modulate the
intestinal microbiota composition and showed potential anti-inflammatory activity. These results provided a basis for the
development of high-value active products based on red algae.

Keywords red algae; simulated digestion; simulated fermentation; gut microbiota; anti—inflammatory



