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Abstract

As the global awareness of dietary health requirements and environmental protection increases,
the importance of alternative proteins from non-animal sources has increased as well. This study
will explore the effects of two alternative proteins, fermented mycoprotein (Fusarium venenatum
mycelium) and traditional plant-derived soy protein, on changes in body weight, body fat and gut
microbiota induced by a high-fat diet. C57BL/6 mice were divided into three groups: negative
control group, mycoprotein group and soy protein group. They were fed high-fat diet for 8 weeks
to induce obesity symptoms. The protein source of the feed in the negative control group was
casein, while the other two groups were replaced with mycoprotein or soy protein respectively.
The results showed that mycoprotein significantly reduced the body weight, serum triglyceride
content, visceral fat and subcutaneous fat in high-fat diet-fed mice. Soy protein significantly re-
duced the perirenal fat pads. Two alternative proteins can cause varying degrees of changes in the
intestinal flora of high-fat diet-fed mice. Both mycoprotein and soybean protein have beneficial
effects on improving obesity symptoms induced by high-fat diet intake. Among them, the im-
provement of mycoprotein is more effective and is expected to become a new trend in the alterna-
tive protein market.
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1. 518

B AR AN I, 4k 2050 42 A 1 0H #1114 10012, tH 525 AR & 1 7% R 75 5 HAR 38 [1].
AR, AXBRR A GERATHIG S SRARE . THORRIR . 7K SR U5 S5 il R g, T x4 s H AT AR
BY) 24 (L N TREAZ2RPRGL2], BT IAARE RS SR CIEEERE. HATES i A3 A R
FEMEHES, BEHOLH S T 14.5%8 e, FERIRE AR Z) 30%0 i DL 16% ik K SR
HETERL, FHAEZ U3 MRE~EH TRIEHE, SonafuEr-4auhek FERMKEE, i ZH
SRR GHIR AT R UTE I J1[3]. — 0t B T BE B BUR RS AR IE & 1122 7 22 (Intergovernmental Panel on
Climate Change, IPCC) 4k & i i, /0 ISR 2 cSOF A R IE S B AR I, B N R S
SRS R REE4]. — 7T, A I K Je it B K BOR 5 R AR TE IR RAR R IR, (HANREET
Xof B Mg e R RS R IR SR, ARSI SRR 1 B A B A L R R R TR 2 8 E (5]

HargRMEEATg b, DREYESRIENER R, B RS EAH THA R 08 TR &K
FRASIIR S, N A B AR EEE A 5k, REEAMI TEARKEZE, BOWERHA, H
TR 8 R Z 25 4, SRR BE A 55 4% G PSS AE AL 41 4 118K, AT UM s n AR S e B
ARYESERRLA I, TR G GG SRR, TR SCAAR AT P O R I — RS6]. 4, KESE
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VAR RS T4 i, SRS AT . M LR L& 567], Wik, FRAKSEASM
VSRR LLAM R B B A A SRR RO R 8]

AP I S A S AR B ) BB, A TR R B O sk, F I A N g
TR AR A P B W mT R B i o P AR AR R HE R, B R 1 R R A 7 R A R 451
Z—[9]. HETHim LOAEEE 8 KA & H B A= 5, Horp DL E A BB A AR N R, T
1985 4R LA Fusarium venenatum B 22 {435 7% FL i & I/ R B BT, 24 JF KT 600 Fhsist, 7E
SER 17 ANEF X AR, Sor F.ovenenatum Jy H R T 743 5% B AR X 1) B0 2R A RIR[10] [11].
SRR ARBIEFUAE H, BRE F. venenatum 1577 2 BB S 1 RIS Bh FAARG o w s R [ e % i if g AR 12] 4R
i HAE ML A . RS sei g LRI, 4T mBERCE /N ROR 218 4 R AR T B B P
RN BRI E | AR ARG, il B TR B L B 2 (18] WA R B, s TR AR R
R BRI BN R B IE B, AR ) — M MR R B/ BRURT I 2 st LA AR DGR AE[14], R BB 1A
2 AR BRI R R8I It O B B R, T B R A A AR . DR R AR T A v R R RN ROR
PRUTEE T F. venenatum B 22485 75 2 FLR B O TR L ARG T S i v e rse e, 1R mT ik — 20 R
FLIA B A A SR AL o

2. M5 R=E
2.1. ISR RSHIE

FLHE R (2 B 97 Pk Fusarium venenatum ATCC 20334 I [ 55 [ 21 i 1% 22 ik b 0 (American Type
Culture Collection, ATCC), FHUZrLIZHL. ¥ F. venenatum ATCC 20334 LA vogel $5 771515577 T 5
W A BERE Y, 242 3 R 28°CHiFRIG, BOER HIERGESHE 24k, FFd— PR TR E S (5
FUFC T 49.3%. I &t 6.9%. BOKIAYIA: 33.8%). K5 BE EINEA 2657 ety 1 LA T (B
RS R: 90%. JEM&E: 0.5%. KL AW&EE: 1.8%).

2.2. R B

8 JE % C57BL/6 et /N KW B 256 547 70 (Laboratory Animal Center), & JAKEZ) 24 Avw. )
I ERER] 22°C £2°C, RE ] 55% + 15%, JaHE 5 RS 12 /NS . ARIR 2 SLI0 sh e 4 J Al 2%
F14x(Institutional Animal Care and Use Committee, IACUC) i 25 [ &, B34 5 111-14ah.

2.3. Rt

C57BL/6 /N4 8 Kidi N 3 i, BEML 4 i 7k B ZH(NC) - B B 4 (FM) B2 1B R 2 K 5 8 I 4H(SP),
20 8 W, BB 8 8 i lg Tk & SR TRDRL (54% FvE R B TR DT« f7ont B 4 PRDRL ) 2 1 SR IEA S
FARPRZEI 23 A OB B . KRS S E KIS R B S BT IR, SRR AR S B R
DL KIER A R, = ARG 2 BT 508~512 Keal/100g 2 18] . 41k 56 /N iR B RAE & 2 7 sUHHAT
TR o e IR A A I B Il s A SR = S e . 1B A 8 SR AA 1 16 /NI fa {8 A A it
FIA /N BOEEATARAE, IRl AR

2.4. IRRFRREENE

NSRS R S, ECHE IR T AL 2R (R =2 T DT U LR 7 A B T R T ), R AR B ShoKTE VeI
BETE, BN LS MENARERE, DINREARETFEBS M ENARAEN EE, HHEARX
.

DOI: 10.12677/hjfns.2024.131016 126 5 E R


https://doi.org/10.12677/hjfns.2024.131016

PRI 55

eI 2L 504 % B (mg /g mouse) = 07 4141527 8 B (mg ) + L4441 (g)

25. MBEHESH I

/IS BRI S LAC IR . 7 2ORAE MRRE AR, FEARZ B9.0:(10,000 rpm, 4°C, 10 F35P) 7 B9 i, 3
AT RANIE 2K R4 % 3 I B (glutamic oxaloacetic transaminase, GOT). A I&FR ¥ & (glutamic
pyruvic transaminase, GPT). =& HiHifis (triglyceride, TG). /4 fiH & (total cholesterol) Az IfiL H % & % (blood
urea nitrogen, BUN).
2.6. EEE 16S rRNA EESEENF

W5 8 RN RIEM, RIFT-80CUKIE. HEA 8 MEAPBEHLI 5 N/ INRISHEREA, (EH
MagCore® HF16 H #4211 (RBC Bioscience Corporation, Taipei) 1 MagCore®2 [X]2H DNA 2H 2R 55
A EACRS 400) W/ R FEE L DNA J5, SRHEIY)
5-TTTCTGTTGGTGCTGATATTGCAGRGTTYGATYMTGGCTCAG-3’#
5-ACTTGCCTGTCGCTCTATCTTCCGGYTACCTTGTTACGACTT-3'§ 1 16S rRNA K. ¥ )54
1§ i Oxford NanoporeGridlON Il FFA#E4T 4K 16S rRNA JIFE 341 A il 5 phn e fi 32 D51 BB PR 2 ]
(Health Genetech Corporation, Taoyuan) 5 i&. HUfS 2 FdE 4 2k - T H LEfSe
(https://github.com/Seqgatal ab/lefse) #1743 #1, KHL Kruskal-Wallis #8536 K2 £& 14 J) 531 43 BT 53 132 (LD A) K
P (B S R R 3, UL p>0.05 |LDA score| < 2 fE kit m.

2.7. Gt

SEUG 45 R T (mean) + P E bR v (i 25 15 2 (standard error of the mean, SEM)#E 7, 5623 F
SPSS 4t i1 44 Hh LA T35 53 5043 H (One-Way ANOVA) 5 L Duncan’s multiple range test 437 8% 20 51 7]
Wz ZE 5, UL p E/ANT 0.05 ENREZER.

3. R
3.1 AFRZEHRFEMNSERESENNREET LN
B 1 it A AT B B A AL . RIS TFUAI 2 0~2 & S ALAA S RS2 . HEE

/NI E NG 3 i BTt iRal, 288 MMAEFIHEMT RERAM(p < 0.05). KE&E
/N AR E RIS 4. 5 K 8 F BB T x4 (p <0.05). T 8 BRI, =4/ RN ERS
Jo BB IR 72 5 (p > 0.05)

3.2. FEEARKEXNEREREFRINRIESHZ T

% 1 RIS 8 /N RIS S B4 R . A/ BRUALTS AT DI RESRFR GOT 5 GPT, =4 i
A MBLWE 7 R (p > 0.05). B IIEESRPR BUN 724 R BoR, FOH B H 4 5 A Py 2 W] Jo B 35 72 5+ (p >
0.05), KT AL BUN BT L (p < 0.05). MARTRAR/HTEE R WoR, FR A4/ R s
SRR S R AR T O 4 (p < 0.05), 171 A IH [ 25 AR 2% 2H 2 8] O H LW 68 %2 57 (p > 0.05)

3.3. FREARKRNERXRBI I RAEHERZFIE

S/ AR A, IBOT B2 T LA B AR PR AE 3 £ 55 Jo FBLA i ANl <2 228, 23 sl AR 3
HEE, /N R AR ERATROE, PR IET S . SR 2 R, HR
AN AR AT 5 IR 7 b B AR I A SR B R AR T O 2 (p < 0.05) . 5 U I
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The values are the mean + SEM (n = 8). Different letters indicate statisti-
cally significant differences (p < 0.05), NC: negative control, FM: myco-
protein, SP: soy protein.

Figure 1. Changes of the body weight in high-fat diet-fed mice
E1l SERXEReNRZEETL

Table 1. Effects of different protein source on serum parameters in high-fat diet-fed mice
F* 1. FRIZBAFRENSEREEINRMESHZF0m

Groups NC FM SP
GOT (U/L) 107.3 + 14.6° 111.1+£9.7° 923+7.1°
GPT (U/L) 33.1+88° 278+ 1.7° 235+19°
BUN (mg/dL) 289+1.1° 26.3+0.8% 22.7+1.1°
Triglyceride (mg/dL) 153.4 + 18.0° 66.1+4.7% 143.9 +13.3°
Total cholesterol (mg/dL) 147.7 £5.1° 142.3 +£10.6° 166.0 + 9.6°

The values are the mean £SEM (n = 8). Different letters indicate statistically significant differences (p < 0.05), NC: negative
control, FM: mycoprotein, SP: soy protein.

Epididymal adipose tissue . . .
Perirenal adipose tissue Subcutaneous adipose tissue

30
b 12 18 .
o 25 b o 10 b = 16 b
= .00 =5 _E 14
25 20 Enfgb 3 c b
5 o
& ) 3 z i 10
e 15 03 o
Z .8 £g 6 ]
3 o0 a i 25 8 a
2w 10 i T~ 4 T~ -
on [~ SN 6
& g a E 4
5 2 T
2
0 0 0
NC FM SP NC FM SP NC M SP

The values are the mean + SEM (n = 8). Different letters indicate statistically significant differences (p < 0.05), NC: negative
control, FM: mycoprotein, SP: soy protein.

Figure 2. Effects of different protein source on the weights of adipose tissue in high-fat diet-fed mice
2. FRIEABKREXMSER BRIV RZiEHAREE M0

DOI: 10.12677/hjfns.2024.131016 128 T S E R


https://doi.org/10.12677/hjfns.2024.131016

PRI 55

SHARLL, R ER A ZH /0N BRI B 6 i i 2E 2R ot 2 B A SR IR (p < 0.05), IS REMT S 5 T M4 i
TG ¥ 3 72 5 (p > 0.05)

34. FEZEARKEMNEERRRIN RFHEEH 2N

JE LEfSe 43-#T(1% B LDA > ) B RH 2 M EA B EEZRAEEE. mE 3@EH, AEEAH
FA TR ZEA 23 P fh Il H 25, Ho Acetatifactor J&. Roseburia J&. Eubacterium 7 B #H & HAH &

A=

£, Clostridium cocleatum. Adlercreutzia J& . Lachnospiraceae J&. Akkermansia J& & 6T FEZH E 5. 4] 3(b)
SRR, K &AM T A 12 Mo ih It 7 5, Horh 72 & 7K1 T, Lachnospiraceae. Romboutsia.,
Acetatifactor 7£ K& 25 (1205 %, Clostridium cocleatum. Limosilactobacillus. Erysipelatoclostridium 7 fit

ST E AR
mEm FM EENC

[
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Figure 3. LDA value distribution histogram of the gut microbiota in high-fat diet-fed mice. (a) Different species be-
tween mycoprotein group and negative control group; (b) Different species between negative control group and soy

protein group
3. BEERABINRRERRZ LDA ESHHKE. () EREREMAXMBENERE; (b)) XEEHAE

A RAENERE

(=)
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4. g

WHFL R~ C57BL/6 /N [ F IS IR T i, C57BL/6 /N BRUAHGS T HiAth i R 10/ R 25 5 Hh LR
JE v N R MRE L RS AR S 19 R[16], C57BL6 /IR I i3l T B IR S B e b iR o & B 1
IR [17], Btk C57BLI6 /ISR B IA A2 SR TR £ 175 T AE R B 7= A A S AR 28 8L vl R DA B J 3 T A AR
i —F R B, AREE 45T C57BLI6 /MNR T H HWE A BK T EAM RIS, SHINEE
F R IE R IR B S R ZAR LG, R 0 B AT B SRk /N SRR EE 3, Hoh LR EE A4 ROR oA B
F. HTZHZ R EERARIEEZR, DR EAMKEEAN TS BIRE BR I E 4R
AR, IR R 2R R . MUEEASE TSy, BFOiRetads GOT. GPT fE =4 [a]3%A I
W2 5. B IhRESE bR BUN 75 18 & 4L Uon IRA/NR 2 R E R 22 5, KGR A4/ BUN I
BT 76 B2 . 2% Jackson lab SIS EHR , 16 FE % C57BL/6 it/ U BUN IE % v [ > 21~29 mg/dL
[18], DAk EAA KT E A/ BUN HUEA FFAC, (B0 TIEREEN, SoRBmm &K G E At
TR R ETEBUN R B IhRE A R

ARSI R BTSSR, U2 Clostridium cocleatum () =F A5 HoAth P 4 4 i o SR RiTHF 7T
fq i, Clostridium J&(Clostridium cocleatum /% Clostridium ramosum) 5 TR B IE B #H5% 1, Clostridium
cocleatum 5{REE . R/ E & 4 B K/ DL R S AT S B0 UIAE O [19] . 7ok B AH B IR B R
(Lachnospiraceae) )= B i T 30 82 (2, F 70 R B T 0 B 8 0 FIEL ek R vy I () N SRARNV/IN R PP v B e A
SR RO TR K EE R R , MAE K &5 K I AERE[20]. Acetatifactor J& (Acetatifactormuris) £ 7K £ 15
SRS B T e R I, 5 R R 0 R AR OG[21]. B A5 K G E A4/ Acetatifactor
JER P R e v T Ot MR, SR T 7 2R T A7 T L /N B A A A T U A8 A A5 e R A T R
I, A R R DT T U R e 5 S AT S SR B AR AL 8 A — 3K

TEMAG AT 5y, HEE AN R =R H i S S T R — MR g R ER,
F. venenatum % i >R (1 B B B A ERIL/ INGTE A RR IO BREE T, AT DU i 5 0 3h 45 & R /D AR 107 43 it
AT ek T s g AR [22] o AN R SR R A A A0S SR PN R T B R T BRI R AR T RO R
MRS EAH/NRAR T AR, e BRI H A E G R, 7ER MR T i
RS AMER N eES . BEEAEED F. venenatum B 2KFTALK, HT H 214k BG4 EELEH,
BELUT RS 4E RSy Senii st de th B 2 R T 4 il o R R B Ja vl P 2R S TR . TR T R &5 R
JE TR [23] . HE AR IR TR IR S mT DO (i g R D R A« 38 I g 7= A DA R 3R 17 R 6 RS AL ok
R BRI [24] [25] WCHEN BB AT e IR TR B 5 AN A A T B S n el RRAE AL Z —, N
F. venenatum ) 1 22 21 2 22 iy 18 B R G 7 AR B R R m ik — 203 Bh A= P ik A R ARt 3 41, Coelho
SN FCRIL, 32X & F BB AR CORVE AR & 7 D AT 0 5 B i o e B e R b T (s, i A R
B, AR R VS5 IR AR A 2 S 505 & F s SRR R (LR B 1 323 A L 5 W S BRI, ARG S
S5 R IR P SRR IR IR [26] 0 SR AR IR S50 A AT R B R 07 B AH 5C 20 B, DS 0h 30 B A 1 PRI T s IR
5 R NERE LA B 38 T A o503 5 MR AR TR AR ELRE I, ATS A AR s Bt FUAR D

5. &

AARIG A F e i A Er RN SR, SR A B R UB ) S0 o 11 DL S AR e ISR IO K R LM
FEARIE R A0 T BRI BB A MR AN S B AL R . 2 8 JHSEiRaf RN, SR
W AR PR R RN R s =R bl SR WAEIR S T e, B R iE
Clostridium J& Lachnospiraceae Ja <& [t HAH o< B XU B AR T O IR A . SRIUK 88 T G2 it/ R AR
fE N, ISP R AL E . el Laliess R, R EA R KEEAX T R
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