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Table 1 Construction of four digestive models

% 3 ik W& B A8 A A8 K A
C 16 pH3 B & @ 8 (2000 U/mL) 2 h pH 6 A2 8 (10 mmol/L.)
W% & B (1 500 U/mL)2 h
El 8 pH3 % & @ # (2000 U/mL) 2 h pH 6 12 8 (10 mmol/L)
Me % & B (1 500 U/mL)2 h
E2 8 pH5 % & @ # (1500 U/mL) 2h pH 6 125 (10 mmol/L)
M % & B (1 500 U/mL)2 h
E3 8 pH5 B % @ # (1500 U/mL) 2 h pH 7 F2. 8 (5 mmol/L)

Mk @ 8 (50 U/mL)4 h

PAI T8 A AR S AE AR S Olivas S8 7 ik
IR R, Fe IR 7:3 /Y o 49 B B 11 A
A, I A B BT Al 7 AR 1 11 v A T AR
B, Z J5 50 e B A4S A AR S B0 A T4 L 4 R
25 B WAL pH EM 2 5.0, B T ukokh
10 min K EFE , ZJ57E 4 C .12 000 r/min 1Y
AR B 0 20 min, B VE WK AE T80 C, PR A7
#H
1.3.3.2 HEABHEARPIE K Yao SESIY
I 9 0 5 2R P B Ak % . SR A 0.01 mol/L £6
TR HE 7 AL B 5 min J5 , B0 (4 000/min, 10 min) Y&
B8, FHA IR 43 W ASUR: 00 I 5 S 3 1R & i, S IR X
(HITEEATHELE,

B ETHAE S (%) = T5 A0 Ui 25 22 5 1R o 5t/
TH AT 2 P15 X 100 (1)

K Hh i 8 TR M S 4 SR, 4y T T 3
2 (EAA) FEE 275 Z B2 (NEAA) i K P 2 R
(HAA, f1% Ala.Val lle Leu JTyr .Phe Trp .Pro,
Met ,Cys) .7 1E HL fif 19 40 3£ 2 (PCAA, £ & Lys .,
His) . a1 7 F o A9 2 JE R (NCAA, 61 &% Asp Asn |
Glu.Gln), A HHEAIER (AAA, 1% Phe Trp,
Tyr) Il & 85 & HE R (SCAA , B 7% Cys Met) & &5, 4
TR PR 5 AN [v) X0 2 o] ot 1 2 1 VR AR RR 1
1.3.4 4 Ffixe 25 il fib X & 4 A 38 11 B 11 52 i
1.34.1 ZFEWIERSWAHI&E W@ HE 2 4EA
MIZEME 1.0 g K LI AE] 10 mL 283k & ot 40 b 3
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19 PBS Ze il (pH 7.3) ™ IR3F IR KRS R 1
TR 24 T TE A i 98 2 90 mL 1Y PBS ZZ whif
RP R BT, BT 4 CUKAF A5
1.3.42 BB TSI BE R
IMA G E R SR, R4 A 1 mL X8 FE 5
HITE A, I L BN VoV wentV wan=7:2:
Lo AU IES 2 AR SME AL HC T B (CK) .
Jis 1 DA BE B 3% R 5 mE PR LB 10.0 ¢
A, 2.0 g B, 2.0 g BEREIZ K ,0.1 ¢ NaCl,
0.04 g K,HPO,,001 g KH,P0,,0.01 g MgS0,-7H,0,
0.01 g CaCl,-6H,0,2.0 g NaHCO;,0.5 g 2 It &
fiz ,0.02 ¢ A AL ML 2T 2 ,0.5 ¢ JE AR ER ,2 mL ki
80,10 pL 44K K,,1 g I KT, % 1 L, HH
EE NN B AR R R I NS R S 8
i R AR R A, 121 CK A 15 min,
1.3.43 EERR MR AR 4T 0,6,
12,18,24 h HUKE, 7 3 pH i A 55 55 g 7 R
o, R G pH T2 B IR pH A, S HE NS
5 R 2 0 D YA R L B B IR EE SR 1 L,
A 02 mL & FH Nk 2-2 5 T/ (2-EB) 4 0.25%
TRBERR B W, Fe4rIR ), VK 30 min, 10 000 1/
min #5010 min, LA TP E AT R,
FH AR 5 3% A8 e He b 3 b 1% 2 B IR D R
it
1.3.4.4 [HIEAEY EB A E kB
FES R YR RS M MW, 5K 4 FOg R
il it 6 AR TE TR R S, DA S5 R 43 Bk
FH 16S rRNA JE PR i 38 iy, B 7 522008 . 42
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HEAT PCR 47319 SCE I 45 SCE A 8 &, R
[llumina Hiseq 2500 & 38 & i )37 °F &5 #4700 %
o4 iz ) QUIME 2 14 Al R 355 geplot 2

WHET PR AKOT Aoy o e FaT AL, 2R AT
Alpha ZFM5317

1.3.5 HdlEadr BT 3 kER, SR
PIE AR ME R 25 %08 R SPSS 23.0 #4475
P H1 , P<0.05 WA R 25 5+ 8. 3% ; >R GraphPad
Prism 8.0.2 3K {HEI

2 RS54
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N T) X8 T S R AL A S N SR 2 R
SRR, T AR E RS G R —
SE MR 78 R S B R (13.40%) , Hik
S R 2R (24 12.24%~12.49% ) , T R X8 &
MR A Al AR P AR T S R
FHI I S50, S0 B 1 B I % e 45 (16.15%) , 140
EMEHAEENERET, 5008 9.69%F 8.21%,
A% W2 1 R AR RE B e eI 4 RS R R 1 K
43 O o I 2 0 T [ A E R T RIS, RS R R UK
Iy G A, R 68.50% , 1 (A& HEAR 8% ki hi, IR
Oy BT SRS IR, X 2R 28 i ) (pd 2 AR
) BUR BE (RS ) 5 Koy & ik B B 1, v ik
1) 0.80%34 I & 1.26% ,1.43% M 1.45% , @A
5, RGESHT 3 PG A2 RE R, X ]
e G RAGEL) T REESBRA K, TERMLE T
AR S /NS R, WSS
REAG, O HLBLXG 2 b i s 7 it e, Xt Ul D BN
AL LB B P A BT, kKA W) 45 ) i
BB R AR RIS Ak, MO B0T MR D7 & =
() TH G, 25 4% DL AE Yafetto 25 #F 5 b 5
FINUESE 5 (AR K M B 1 K 4 ' A
RXGE KT F B BAL, X UUITE R fE b R
X T B S5 40 A] e AR AT I R, R B KR A,
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Table 2 Comparison of nutritional components of four kinds of egg products

e &G e E/% fi& W &% 1% KH e % B8 E 1%
Sl Ny 13.40 £ 0.53* 8.21 £0.33° 76.11 £ 0.91* 0.80 + 0.14*
B & 12.24 £0.17 9.69 +0.83" 74.44 +1.98* 1.26 £0.01"
Ktk 12.49 £ 0.10° 7.79 + 0.50" 74.24 = 0.05° 143 +0.17°
Sl B 11.84 +0.07° 16.15 + 0.97° 68.50 = 1.61" 1.45 +0.13°

AR R AR 09 5 FR /NG F R R #6078 25 57 1 3% (P<0.05) .
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Fig.1 Protein digestibility of four kinds of egg products

in different digestion models
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Fig.2 Protein hydrolysis degree of four kinds of egg products in different digestion models

2.3 ZBEANGEEBEEIMERST

23.1 WHEMAEY W IEKT 0T 4 RS &S
Xf S AE N i 38 AR DA W B e 25 R AN 8T 3 B
7N AN [EIAE O AR P e 0 R B B2 e A R ] T8
KT 50T (B 3a), mEH B &5 EmiER
FELS MR RS | 23 oo B 0 s JE A 3 88
i, 105 4 ZERE S 2 3L 56 i, H i SUSCFT 8 (Bifi-
dobacterium) . & % J& (Escherichia—Shigella) . J™ &
B & & (Clostridium_sensu_stricto) Ja T & J& (En-
terobacteriaceae ) . JUKT 1 J& (Bacteroides ) L 7\ 14
J& | HLSUBE AT T F AR AT = 82 05 vy ol 2 20 v DU
FFE R AR X R 51.44% , 508 41 Fn i 22 A

rh SUE AT T AR S AR I, 43 00 R 47.75% Fi
47.56% , 25 H 4 R 44.05% , I AT 0 XS 2
AR T 1 BB AT R A A, Jiok 4
TN R i L ) R B A T IR CK 4,
Horp L g 2R 2 A RN B 2 v A R R R A
5%, 53531 M 39.81% F11 42.73% , It 235 5 15 B 11 25 ANl
AN R e IR 781 A RO A AV R A o SO

Sandberg 2571 Hi 5 F IR TG B 8 AU 8 Y
o AR A A F AL AR, 1 e AR U 2
H, R EM CK A bR b5 IR G E R
X 2R 20 TR K B R AT B R Y B TR R
SRR B EAGEM A E R ) B ER



174 hoE g

o 2025 4E55 2 W)

FE 8% 18 5 0 B IR TR Ja AU TR I 0 LA E R
AL I E I:J'Jo

& 3b i — Al R T AN [ XS A I X i G R
BRI 2, R B W REECE O 40 4,
KRB E N 324, K EHAEERE N
254>, RAGEARBEH N 36 1, CK 47w %L
Foh 35 A4, Hp AR A 17 A dh B
J& . BITHJE (Fusicatenibacter) FH #k 3 & JE
(Collinsella) 75 . 53 5hH A EALFFA 04 3 s K H oA
T A 535 SR TR & (Stenotrophomonas ) KT AR
g (Brachybacterium) F13% AT & (Gor-

10

0.8

0.6

0.4

PO ED: S
Relative abundance

02

0.0

[EE¥: 4 Lk el H SLH CK
2053
Group
() JE K AHRS =

W 558 (Escherichia-Shigella)
I XU B4R (Bifidobacteri
W A& R (Clostrid
I 0T 84 8 (Enterobact
I T4 B4R (Col
I ST (Bacteroides)
I 4524 R, (Phascolarctobacterium) [EF¥:
W ZF AT B R (Bacillus)
W ZE W R (Blautia)
W U/ NERT R (Subdoligranulum)

BT B R (Parabacteroides)

B K1 B (Romboutsia)

R B (Faecalibacterium)

81 BRI (Ruminococcus_torques_group)
I 3R R (Enterococcus)
B R (Fusicatenibacter)

S KR (Parasutterella)
W E K KR (Prevorrila)

1 % KR (Brucella)

HE (others)

donibacter) 55 ; ] A H M A W H B EH R 3 1,4
W ZEFT T8 (Faecalibacterium) 5L T 1 J& (Leu-
cobacter) 55 ; RAGEHFFA M HIREH B 34,4
GBI EE (Lachnospiraceae) . BUIR T & (Oscil-
lospiraceae ) M1 ZEFT 1 J& (Coprobacillus ) ; 7% M 85 41
AT R AT MR o G rT UL S A X R A
Y R SR B WA B A Y T A B A
XUl B B E MR E I — e LS
W B WA R, i H SRS A R A
A B A, R AR R AT — 2 i gR AL

.ﬂ%’\%

; @ #ME
,stricto) @ hLE

e

:@ g 32 25
&5
< FEE | & FME ROE CK
21 51
Group
(b)Venn ¥

3 AEBEFGBYNEZENGEREDZHFENZME
Fig.3 The impact of different egg products on the diversity of gut microbiota in elderly people
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Fig.4 Effects of different egg products on the B/E values
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Fig.5 Analysis of short chain fatty acid content in the gut microbiota of elderly people
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W, EE KEMEELEFE NN EE B DA RGOSR B b OSUE T TR 4 A X
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In Vitro Digestion of Four Types of Egg Products and Their Effects on Gut Microbiota

CUI Baoyu, LU Haiqgiang, WANG Yuyin, TIAN Hongtao, GU Xinxi’
(College of Food Science and Technology, Hebei Agricultural University, Baoding 071001, Hebet)

Abstract Objective: To evaluate the digestive characteristics of boiled, brined, tea—leaf and rotten eggs in the elderly
in vitro and their effects on intestinal flora. Method: Three elderly in wvitro digestion models [oral (E,), oral and gastric
(E,), oral and gastrointestinal (E;)] were constructed, and healthy adult model (C) was used as a control for explora-
tion. The results demonstrated that the protein content of the four types of egg products ranged from 11.84% to
13.40% , the fat content varied from 7.79% to 16.15% , and the moisture content fluctuated between 68.50% and
76.11%. Among the samples, rotten eggs exhibited the lowest protein content (approximately 11.84% ), while their fat
content was the highest (approximately 16.15%). The in vitro digestion simulation results indicated that the protein diges-
tion rate of rotten eggs was the lowest in elderly individuals (approximately 47%), while the protein digestion rates of
the other three types of egg products were comparable (approximately 70%). Furthermore, the study established that E,
model did not result in a decline in protein digestibility, while E; model exerted a substantial impact on the digestion of
egg protein, reducing it by approximately 12% to 21%. Subsequent analysis revealed that the relative content of func-
tional amino acids in the stinky egg group was higher than in the other three groups, demonstrating strong biological ac-
tivity. The study also found that four types of egg products caused changes in the gut microbiota structure of elderly peo-
ple. A total of 56 genera were identified in the sample group, among which the relative abundance of Bifidobacterium
genus was the highest. The relative abundance of Bifidobacterium in the brined egg group, rotten egg group, boiled egg
group and tea—leaf egg group were 51.44%, 47.75%, 47.56% and 44.05%, respectively, and the B/E values of the four
egg products were 1.27, 1.12, 1.09 and 0.92, respectively, indicating that brined egg and rotten egg had better ability
to improve the structure of intestinal flora. A significant variation in the impact of four distinct categories of egg products
on the composition of various short—chain fatty acids within the intestinal tract was observed. Notably, the stinky egg
group exhibited the most pronounced effect on the release of propionic acid and butyric acid, with concentrations of
1.12 mmol/L. and 0.38 mmol/L, respectively.

Keywords eggs; elderly; in vitro digestion simulation; intestinal flora; short-chain fatty acid



