& El M Lk Bob T
- 4 & Scopus B R B 01
‘a ,- I DOAJ M hEAHE DI FICSTPCD
VM EBSCO

M EE DA B FIRCCSE
SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA o ST % (WICT) 4%
M FSTA o & SRR S TR T R I g H 3 55— 5B T1
HF ISSN 1002-0306  CN 11-1759/TS 7 IST

KRR EX/NRIMLAS . SeRErstn MimE iR AR

2T, HFM, FXE

Effects of Low-carbon and High Protein Bread Diet on Blood Lipid, Inmune Index and Intestinal Flora in Mice
JIANG Yuchun, XIAO Yuhang, and LI Dajun

TELR R E View online: https://doi.org/10.13386/j.issn1002-0306.2023120097

FRAT RRIRGERE HAN SO

Articles you may be interested in

T e A< B A 0 v LA A B 3 TR P S
Effect of Potentilla Fruticosa Tea from Qinghai-Tibet PlateauonIntestinal Flora of Hyperlipidemia Rats
B TR 2021, 42(13): 366-371  https://doi.org/10.13386/j.issn11002-0306.202009006 1

SR BE K G0t e B B /N B e AR 7
Effect of Water Extract of Amaranthus retroflexus on Blood Lipid on Mice Induced by High Fat Diet
B TRHE. 2020, 41(19): 316-320  https://doi.org/10.13386/).issn1002-0306.2020.19.049

ti BB S IATEERE . SR A AR S LTI ke
Interaction and Mechanism of Probiotics with Gut Flora and Immune Regulation: A Review

£ Tl BHE. 2022, 43(16): 486-493  https://doi.ore/10.13386/1.issn1002-00306.2022030025

AR KAL 5 PR X 2 B PR R85 R IE 5t
Effect of Low—carbohydrate Diet on Patients with Type 2 Diabetes
B TAkBHE. 2021, 42(5): 378-382  hitps://doi.org/10.13386/j.issn1002-0306.2020040091

NFUARSRM -5 18 o A A B R B L e D RE RISt
Research Progress on HMOs Interacting with Intestinal Flora to Regulate Infant Immune Function

£ Tl BHE. 2024, 45(3): 363-371  https:/doi.org/10.13386/1.issn1002-0306.2023030093
H G2 il SO 8 B RE /N A VR

Purification of Lily Polysaccharide and Its Regulatory Effect on Intestinal Flora Dysregulation Mice
B in TOlkRHE. 2020, 41(8): 295-300,306  https://doi.org/10.13386/j.issn1002-0306.2020.08.047

KIAF


http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023120097
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020090061
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.19.049
http://www.spgykj.com//article/doi/10.13386/j.issn1002-00306.2022030025
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020040091
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023030093
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.08.047

5 45 % 4 20 ) i Tl B Vol. 45 No. 20
2024 4F 10 H Science and Technology of Food Industry Oct. 2024

FZTOl, H T, A RAE IR K R B T R/ SRR | S R AR R G R RS (D). B R, 2024, 45(20):
341-348. doi: 10.13386/].issn1002-0306.2023120097

JIANG Yuchun, XIAO Yuhang, LI Dajun. Effects of Low-carbon and High Protein Bread Diet on Blood Lipid, Immune Index and
Intestinal Flora in Mice[J]. Science and Technology of Food Industry, 2024, 45(20): 341-348. (in Chinese with English abstract). doi:
10.13386/j.issn1002-0306.2023120097

ERSRE

oK BEH R EX/NRILE .. %5
et MBI R IR

EFa, B, TAE
(FHR LR FEBAFE TSR, THhEA 130118)

=L

i E: 00 RASEaLsIh A EZZRAFMEREOAEAN DRIKE, WAIL#KEZE A (low carbohydrate and
high protein diet, LC-HP) k& 5 &, SAEK R DAL, LABITFHEHAFOR 0. Tk HERGTA
BRI IR G EOE (A8, AR EH CHO11.41%, &G/ Pr39.18%) . st#4 (B 41, CHO 47.4%,
Pr9.6%) . &4 (C4, CHOS51.4%, Pr8.5%) . &#&4 (D4, CHO 60.6%, Pr7.3%) , #4110 R, #fi
A, KB 28do HT7dARTDRARE, RBHAMNZEL ZH, RMbFPHHZE (riglyceride, TG) . &
M2 B8 (total cholesterol, TC) . 1&% E M5 % &2 B8 (low density lipoprotein cholesterol, LDL-C) K-F. &% &
f& & @ 12 Bl B2 (high density lipoprotein cholesterol, HDL-C) . A& 3R & B F « (tumor necrosis factor, TNF-a) .
s F @ mfeA-% 6 (interleukin 6, 1L-6) ; 16S tDNA M A2/ N R ERAHF AT EHHFO T, £R: ABDRAKE
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Effects of Low-carbon and High Protein Bread Diet on Blood Lipid,
Immune Index and Intestinal Flora in Mice

JIANG Yuchun, XIAO Yuhang, LI Dajun’

(College of Food Science and Engineering, Jilin Agricultural University, Changchun 130118, China)

Abstract: Objective: To observe the effects of low carbohydrate and high protein diet (LC-HP) and high oil and high sugar
diet on blood lipid, immune index and intestinal flora in mice. Use of high protein gluten as the main ingredient to make
bread as the diet of mice. Methods: Healthy Kunming mice were randomly divided into low-carbon and high-protein group
(group A, CHO 11.41%, Pr 39.18%), control group (group B, CHO 47.4%, Pr 9.6%), high-oil group (group C, CHO 51.4%,
Pr 8.5%) and high-sugar group (group D, CHO 60.6%, Pr 7.3%). Each group consisted of 10 animals, 50 parts male and 50
parts female, for a 28 d experimental period. The mice were weighed every 7 days, and the organ coefficient was
determined at the end of the experiment. The serum triglyceride (TG), total cholesterol (TC) and low density lipoprotein
cholesterol (LDL-C), high density lipoprotein cholesterol (high density lipoprotein cholesterol, HDL-C), tumor necrosis
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factor-a (TNF-a) and serum interleukin-6 (IL-6) were detected. 16S rDNA sequencing was used to detect the changes of

flora in mouse fecal samples. Results: The weight growth rate of mice in group A was significantly lower than that in

groups C and D (P<0.05). The levels of total TG and TC in group A were significantly lower than those in the other three

groups (P<0.05), the levels of LDL-C in group A were significantly lower than those in groups C and D (P<0.05), and the

levels of HDL-C in group A were significantly higher than those in group D (P<0.05). The immune organ coefficient of

group A was higher than that of the other three groups, but there was no significant difference. The serum levels of TNF-a

and IL-6 in group A were significantly higher than those in groups C and D (P<0.05). ACE, Chaol and Shannon index of

group A, which reflected the richness and diversity of intestinal microbial communities, were higher than those of the other

three groups, and the relative abundance of beneficial bacteria was significantly increased (P<0.05). Conclusion: Compared

with ordinary bread and high-sugar and high-oil bread, eating low-carbon water bread in mice could reduce the weight

growth rate and blood lipid level, adjust immune indexes and improve the composition of intestinal flora, and it is

confirmed that high-sugar bread had greater adverse health effects than high-oil bread.

Key words: low-carbon water and high-protein diet; blood lipid; immunity; flora
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HY 20%) , B HNEE 13 5 AIS T BT RE, AR RS i
IRAGAE P IIBRES A3 FAE S, B8 02 ¥ 5 TS AR B BATR
TEABRNAENE. SRR E SRR H R
J R A MBE R 20%~30% MG, A HF
TN, AR AR A R AR R, B 1 A 7K
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BN 45 P AR [E BE (HDL-C) ik & | R85 BE IS & iR
[E B (LDL-CO M . /D BRI IR FEE + a(TNF-a)
ELISA #rillistFnl & . /N E e /-3 6(IL-6)ELISA
riAG e IR AR A F]

BSA224S-CW HF RV JLEFE2FIHE A
Al BERE RAN/NREF RS B 7RG s EL-10A 4=
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1.2.1 MoK SR H S IR EES  hIVEIRR K
15 B VAR B 45 ool i A0, 45 oAy 0 3 SR TR R
(9:1)300 g, 25K FNFEELER 2 (1:1)20 g ABEREANSR
FEPEIE(1:1)20 g, BEREKY 3 g #EUK 200 mL, #4546
T AR 180 °C ML 25 min, SH BN Wi U
M B A HIAE, 25 SR ARSI 2 BE E AR TR 3E1 T, B
IKAEE I S22 NS ST, 15 BIMIGRK
EE AR ES I TA(CHO 11.41%. Pro 39.18%);
Sof AR B ELRlARDEH CHO 47.4%, Pr 9.6% ) ; AR &
A 7 : 80% Fehil At +20% £ 4 7 (CHO 51.4%, Pr
8.5%); =T BHAK L J7: 80% FEAl 1Rl +20% b HE
(CHO 60.6%, Pr 7.3%)
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LI AR PRV AT, /N B3 BEE R L 2452
S SR AL AL )35 . BEHR 3 R rOfdt R
IR/ INER 40 H, MERESS, 18 N PEMRTE 7 d JaBEDLT
43R PUZH : AR 7K & 25 AR BT 2H (A 20D . XTIEZH(B
ZH) | =g (C 4 | =EeH(D ), 54H 10 H, ek
22, ARIRAK m AR B (A 4D 1R 1 filRmoK &
HEAS O A, XTI (B 41) eIl iabel, =i
ZH (C 2H) 4R M S VAR B, =2 (D 2H) 1al M m Bl R
B N A R BEE . 3Rk, MEIREREE 28 d,
7 d X e N R G — AR

1.2.3 FEACRLE  DNERIRI 5SS —K, HHME R A
3~4 /NS GIBOR G4, B4H 3 FE, A 2 mL
TC RIS, WM AR RS F2 58)-80 °C WRAEFH T
EEBEIHT; RIKRE S EEEAEE/K 12 h, BREREM
J&, EIEFEE 1 h 5T 4 °C, 3500 r/min &5.0> 15 min,
B VW ARFE S, BN BB . AR A TR .
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1.2.42 /NERIMEEITEYS MKERBHE 1h )5
F 4 °C, 3500 r/min Z5.0> 15 min"7, B FIE W IEATA4E
AFEARRN, 45 H M =E5(TG) . SMHEEE(TC) . Ik
NG E I HE S (LDL-C) | /= %5 & I8 25 1 AH & fis
(HDL-C) . Mg IR3E T a( TNF-a) . [ 40 o2
6(IL-6) .

1.2.43 /NROPEINE REL sz asE (BRI
J) FAAE BRER KIEEDE, EARR T /K53 )5 S TR 2 PR,
TP B R 5

_ REREBUE(Q)

ERE R2E(%) = 100
TR 2 E R B(%) ) x
1.2.5 /NERIGIEEHE 16S tDNA ¥ #H8 [}

LR A FROS AR A A USRI AR B ZESR X /)N B
FEfHE AT DNA 2, SE iR N 41 DNA il )5, F
H 1% BrUlE 5 I v, UK AS Il B2 1 BE P 2H DN $%2

B E DI P X R, & 7 AT barcode M4 5519 . %)

PCR =i A 4l BE AR S A T2 s b . $22 B8
IlluminaMiseq V- 5 MbR AR E AR R A S 1
P 1g H BE#Y 2 Ilumina PE250 32, #£47 Ilumina
PE250 il 5%, Illumina PE250 74539 PE reads 15
JeARYE overlap &R THHE, R XS =T
JRPEFILE, KAREAF AT OTU JIE5-Hr Fdfp
SyIEESIHT, LT OTU IRAMTLE IR, 1T a-ZFE
PESAIT . PR S HT o
1.3 B

% JH GraphPad Prism 8.0.2. SPSS 17.0 %%}
Bt ik Ab P 5 Ge it 2F o M, SR BN Ry 22500
(One-way ANOVA)IRIGEAE, LIE AR MEZEFTIR,
LL P<0.05 R P22 ROk
2 FERE5HH
21 PMRAEETK

/NEAREEFE BCE B R NV B EE E AR,
281 AR 2 BE AT n, 4520 /0N B 5 6 ) 55 s 1] SiE
KWEHIN. Sl C. EibE D A ke N BRI AR S 1
KR, ik T 23.17%. 28.83% 1 23.42%,
30.68%. KAk /K =R 11 A 4/ BUI AR TR 19 K%,
T MR 12.81%. 8.99%, WAL T H e =41
(P<0.05), R ARG = 2R K E e /N BRI ER
R R, 2 1 TP ERBR 2K TR RS X HE X BR ik
T, M ARG KR 22.95%, M FRAAR H G KR D
115.02%, X BRIBUIZ 500, B 5, w57 bk g &
2.2 pRIMFEAIEIRT

i A= A br b i s L AR BENR AR 1 B R o AR
HTUR ST, S Re i 5 8 IS e s 09 s WAsPs, FHT
BN AT IE B e AR E RSN o ] 1 (AR K = 2R F AR
B A ZH TG /K- Z LT (P<0.05) Hoer =25 /MR
W TG KSF, mbEmE D 4/ BUm g TG &
HRESTHEH(P<0.05), K 1(B)H D4/
IM3F 5 TC AFFET A e el h i er, 835 (P<0.05)
TR =H A 4 TC /KRS, SHAL=2HAALL
FAEBEEZES(P<0.05), & 1(C) D 41/l
iHH LDL-C S/ T AL B C 4H(P<0.05),
A 45 B4 . BAHS CHZRBIRIETERZE LR

£ 1 MRoKEEEIRE SE, SRR/ Nk EAE L
Table 1 Weight changes of mice feed with LC-HP diet and high-oil and high-sugar diet
P 4131 RELR WIH IR E (g) 7d(g) 14 d(g) 21d(g) 28 d(g) RE R (%)
A fRBRAK R 33.34+0.72 34.59+0.82 36.03+0.91 36.93+0.88 37.60+0.57 12.8142.67%
. B X A 33.4+1.40 34.81£1.31 36.42+2.51 37.73+2.77 38.69+2.54 15.75+3.50%
c FRTH 34.38+0.81 35.53+1.05 38.05+0.69 40.63+0.64 42.33+0.90 23.1743.51°
D [ 36.03+1.63 38.25+1.79 40.01£0.99 42.63+0.97 44.43+0.97 23.4243.41°
A TR = 31.02+1.55 31.69+1.89 32.70+1.88 33.47+1.26 33.78+0.91 8.99+2.72¢
e B oyl 30.16+0.68 32.10£0.73 33.67+0.44 35.05+0.59 35.98+0.82 19.33£2.41™
c il 31.15+1.34 34.92+1.63 36.16+1.24 38.76+1.95 40.13+1.88 28.83+1.06"
D i B 31.69+2.01 34.26+2.19 36.83+2.97 39.26+2.46 41.36+2.04 30.68+5.29°

TE: FFIA R FREFoR B 22 57 0.3, P<0.05,
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(A) 2.07 a . E 1(D)ATH, A, B /MU h HDL-C & &
WEET D 4H(P<0.05), A A/NEUME T HDL-C &
a7 HEAEPUALARRS, D AL/NRUILTE T HDL-C 7 fik e P
Ei Lo b b AR, ML7E A L FE AR B, e /K =R A
S IRE AL FEFEAL T 1% TC. TG. LDL-C /K-, HDL-
Tosd S C R B B R R S B0 IS K Y
FEERZEK,
0= A . . : 2.3 NRIESF TNF-a. 1L-6 T
2051 TNF-o /- S JE8l~y . RuE . AR ESE Ll
(B) 2.0 4 T AR, SSASIIF S A B 5 fa e AH > TL-6 E.
a G TSN, GEE IR RE R G R MR N P
~ 159 b 22 R 4l Y B 5 FE 5 53 A0PY, TL-6 25 35 SR e i 9T
£ u H BUFFIE S e MLAE I B I R R F b 1h
s ¢ Pl 2 T, NS5 ISR 28 d R, 5 g
o5 H B bR & HEARE C HAE I E D AW
TNF-a. IL-6 /K534 835 T 5 (P<0.05), B FH{RmIK
0= EEEE A A9 TNF-a. IL-6 /K- 5X1 8 B 247G
A B "~ ¢ D BEEE2ER . SRR, RS X L TNF-a.
ZH0
© 020 = 1L-6 Y38 R F Sy - 7o > 125 il > %) RE IR AR 75
a FEH.
~ 0.15 -
gg be b (A) 500 — a
£ 0.10 1 400 —
Q < 5
= g
2 0.05 ER
S
, 200 —
0— &
A B C D 100 —
20 5
(D) 2.0 — 0—
A B C D
a T 415
%\ 1.5 ab b (B) 100 =
£
\'.E/ 10 - 80_ a
< 5 b
= | b
£ 05 - g‘i 60
E 40—
0— =
A B C D 20
21 5
B EERK AR S m, RS/ N R TG, 0=
TC. LDL-C, HDL-C 7K H i (n=10) . ’ 5] ‘ 0

Fig.1 Comparison of serum TG, TC, LDL-C and HDL-C levels
between LC-HP diets and high-oil and high-sugar diets (n=10)

TE: A RBK R A 2H; B X BREH; C S miih2E: D o mti
i AFR/NG FRACGRA 225, P<0.05; 5] 2~I51 4 [,

(P>0.05), C Zi/NELIM7E 9 LDL-C 7K F i 3 & T
A ZH(P<0.05) ., A UL, B @b R S b A 54
/INEUMLYE LDL-C 4 i 25 R B s Hovb, B Al
AR i 7K v & P T B AN B A R b AR i )s BR i v
LDL-C 7K 22 %A W2 (P>0.05), H&H B HIMK
/K v 5 X T4 LDL-C i) I = A B AE

B2 fRRROK R FARCE S Rl e R R
TNF-a, IL-6 /K-F-f L4 (n=10)
Fig.2 Comparison of serum TNF-a and IL-6 levels in mice fed
with LC-HP diet and high-oil and high-sugar diet (n=10)
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oot T MoK B E AR ERASHEE L.
B 3(A) AT, A /N BRI I9UIE ZR 8505 35 (P<0.05) &
T C4,A. B. DAHANMPERETC W FH M2 5 (P>
0.05), {H£ FHARAR 7K /5 28 AR B 2 /)N B IALE 2R 44
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T L . AR 3(B) T A ZH /N LAY ik I 2R %0
WFEET D 4H(P<0.05), A. B, C LHMIEREOC B3
P22 5 (P>0.05), A 41/ IIE R0 THE M
2H. SE R, B FHRER K B SR R X IR ZR AR
FUII R 22400 W 25 i 3 e AR L s il R B | s
RETHE, BT 4R 1 i & 68 1 5 3h 5L RE T HUAIK
Tl 7K i 2 A AL BRZH T B, S BOUMUNE R 80 3 REAIG
(P<0.05), SHHBIEREMREFTRZ LM T. B kL4
M BREE R, FEARBLZ BEERTIE T, Wit E
B N U KT, SRR K R K E N B
Lb, EH IR B N B AR R U 2 FEIR (P<0.05) .

(A) 0.5 =

a

4
1L
ab

A B C D
Zibl|
3 IR e o RO S e b R U 2R
g =0 LA (n=10)
Fig.3 Comparison of spleen coefficient and thymus coefficient
between LC-HP diet and high-oil and high-sugar diet (n=10)
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A, EAEEL n=3, HIE 4 AT A, A 4109 fir 2 o A 24
£ ACE. Chaol. Shannon =~ 45%(& T (P<0.11/3~
0.26/3)B. C. D 2H, C. D £Hf4 ACE #l Chaol F5#HRHgE
{ILF B 2. (oK E AR e T /NG E TR
FLEEFNZ AR, W SR X B R A
PR AFRZNE, Forb, SR LU S AN RS2 B
2.6 /NRAFEERHIMER ST

g /N BRI 2B AR A IEFT 16S 1DNA T )5,
FOrAS [R5 25 0] B 1 VAR AR T 17K 55 @ AKSF- B
A EEARE . aE S(A) PR, IR B3G
i T 9 SN B BE, L P AT T 1] ( Bacter-

350 ? Anova, P=0.25
300
[8a)]
O
Z
250
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=
© 250
200
A B C D
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4.00 L
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£ 0.05
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Kl 4 iR Alpha ZEEETEE T (n=3)
Fig.4 Analysis of Alpha diversity index of intestinal
flora (n=3)
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tobacillus) . Clostridia_ UCG-014_norank B)& . Para-
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