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Study on the Characteristics of Metabolites in Monascus Cheese Based
on Metabolomics
XU Xingmin'?, ZHENG Yuanrong®, LIU Zhenmin>*, SUN Jia’, JIA Xiangfei'*

(1.College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China;
2.State Key Laboratory of Dairy Biotechnology, Shanghai Engineering Research Center of Dairy Biotechnology, Dairy
Research Institute, Bright Dairy & Food Co., Ltd., Shanghai 200436, China)

Abstract: In order to study the characteristics of metabolites in Monascus cheese, Monascus cheese BC20 and Monascus
cheese ZX-99 were used as experimental groups, and commercially available blue mold cheese and white mold cheese were
used as control groups. The low molecular weight metabolites involved in the four cheeses were analyzed by non-targeted
metabolomics. Metabolites that were only enriched in the experimental groups (VIP>1, P<0.05, FC>2) and had no
significant difference between the experimental groups (VIP<1, P=0.05) were considered as the characteristics of
Monascus cheese. The results showed that among the 2510 metabolites identified in positive and negative ion modes, 23
substances were preliminarily considered as characteristic metabolites of Monascus cheese. Eight of these substances,
including cucurbitacin e, fusidic acid, quinapril, methyl dopa, orcinol, licoricesaponin h2, alfuzosin, and 25-desacetyl
rifapentin had certain beneficial activities. Through comparison between the experimental groups and control groups, there
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were 10 identical differential metabolic pathways. The enrichment degree of the protein digestion and absorption pathway

was relatively high, and the proportion of pathways related to amino acids was the largest. Among the differential

metabolites involved in these two pathways, the substance contents of propionic acid, DL-tyrosine, homoharringtonine, 2-

isopropylmalic acid, creatine, and succinic were significantly increased in the two Monascus cheeses (P<0.05). This study

provides a theoretical basis for defining the Monascus cheese, regulating metabolic direction and enriching beneficial

metabolites.

Key words: Monascus; mold-fermented cheese; non-targeted metabolomics; characteristics of metabolites; metabolic

pathway
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Proportion of metabolites identified by combining positive and negative ions in each chemical classification



5 444 55 214 TRAVER, 55 ZET IR 2R R 2 i & & 4 Q™= e 21 -
POS (OPLS-DA) POS (OPLS-DA): Validate model
(
R>=(0.0, 0.0644), 0>=(0.0, —0.308)
600000 __f
400000 1 Ao 0.4 o 7
»}1.?3 ’ ,.'/ ///
& 200000 (B3 o) HA e
= 6 Biss BB 0.2 - [ 2
2 0 or—— et BiEp Hc - @
> C5 4 - m
S —200000 o 5 0
d 7
— D4@Q D2 -
400000 ] 5@ -02 p
—600000 o4 u R
—800000 ; ; . . : e
-15 -10 -05 0 05 1.0 o | u
6 —VU. T T T T T
1_00005grt[1]£x¥0 ) -02 0 02 04 06 08 10
a IEE T 200 permutations 2 components
a IE BT
NEG (OPLS-DA)
NEG (OPLS-DA): Validate model
R=(0.0, 0.0226), 0=(0.0, —0.3
1.0e+006 o ¢ » )
‘”)‘y’@‘\’)i 0.6 /7.
) 0.5e+006 1 - D3 BA : //,//////
= 5 C B BB 0.4 /./ P
g 0 el i 3 mC |
= @ A5 0.2 - -
S ’ - P
= —0.5e+006 1 ;Q(l",\f P ~ I
AS.AL O 7
~1.0e+006 1 e
-0.2 B ,
~1.5¢+006 ; . . _ . ® R2
-25 -15 05 05 1.5 —0.4 LR
1.00001 t[1] (x10%) 06

b R TR
K2 OPLS-DA 444
Fig.2 OPLS-DA scores plots

e A LT E IR BC20, B 4T ih & W5k Z2X-99, C W&
%, D N H BT -

O U/ NT 2, ULHIBIAUAAATER LG, FafdE R
bfo IXSELEIRFEH], OPLS-DA WE#EHLIX 43 T A[H )
WhmsAEAS, HAHN-FATRRS O A 25
2.2 B ERAR IS

SRS ATEL AR WG-S5 HAW A B A W s (5 2 05
P . AW ) A FL T B A ) ARk, Gl 21
Hh 2 WhrE BC20 435l 55 22 Wil . R WIN%, £
Wik Z2X-99 73 5 HE B YIN . FETINKIX 4 S EuE
ZH 1Y 2 73 %5 %80 (Fold change, FC) . & 2 M 7K - (P-
value, P)XTUEE R 2510 MU Tife . #4540
TE AR i KOl &L, GniE 4 s, 2L EE
XA B AL L w W v s R, W R
HYP) BT EL L B s v 25 T U, SRR X R A
JRAEZL Hh B W - HAb R o I b 25 A i 3 ks
SR 0.5~2 Z[a], EDWHBL R R T 21 th 8 0y i 4 i
Al P s B WA ) o e 2 AR AR T O, JTEX A
M 44 FR H AF 8 A EE {H ( Variable importance for the
projection, VIP)>1 % i} 25V 25 AR, dEE3Rik
24k FVE RS TOPS AR E /Y TOPS #EATHRIC, Frid
PIBHITEAIE R ILEE 1, % 2.

A KUEISFE 1. 32 2 |, £rphE05is BC20.

LI BE W1 ZX-99 4355 B 5 W& . B 05 1 1Y
4 A PeE g, AR R YA A R YR e 22 AR
TR, X1 I S 2H AT 3 5 O PR R AT il B I 45 LA

-02 0 02 04 06 08 1.0
200 permutations 2 components
b 18
13 OPLS-DA Bty &l

Fig.3 OPLS-DA permutation test plots

10, JE ST T PR - B WIS A5 A R nf Gl =4t
TS, PREE T B[R] e AR X T &
P X — A ZE R AR BA Bm o viErfa e . Rl
VLB 2 WK -5 1 2 0 = 18] A I A R AR 22
57, X REZH B et T AR i 0 A B noHESR
THUEH

M VIPsc ap.Bc. 80~ 1+ FCac ap. BC BD<0-5 B>
2. Pac. ap. Be. Bp<0.05 X %58 | 1Y 2510 M RUHY
PEATOE, 153 130 > POS. 79 > NEG Uiy, 1t
PR R EL - B WY -5 T B WO . R WA EL pr 3k
AR 25 ) . TR b, XS4
JEAT UG, ik A5 N FCoe ap. B, BD™25
VIP, 5 <1,P,5=0.05, 135 16 1~ POS. 7 > NEG 1
W, M PR B OIS T R W . IR WA
Pe T AT B 2 e AR A ) (ELIX 23 R
PHRET B W I (B e A .35 22 57 ), T 025 W2 il
T WA X — L AR LR RRAE, ) 505 2
%3 is.

X2 3 R R TR B R, R 8 W)
BUEA — A A TE PR B . Ho, 4
BT B AT PR E A, o3 ) e O P M R U H AT R
h2!'™1 E RO DL R 25-25 SRR RE s T 2 A
YA PTR G, 23 R &R Y H R R
h2!; 2 AP HAT B A AR TS, i@ 2R el
H AR 2 YT EAT PR B RIS, S3 R



22 - £ Tl A 2023 4F 11 1
10 N ; .
91° 1M A R
g | o T .
S 64 e g
L 59 y . & PR
o 4 C X ¢ . 4 iy 1%\“ o 8,100, Tiggrasa )
& k WooeTi18_1) =0  olmsress
e} 3 o TMaisrao i) M194T391_2
T Tazserios 2 |
1 4
o+ .
PN S TR 9
log2 (Fold Change) log2 (Fold Change)
a IEE T (Avs ©) b 7B T (A vs ©)
o] @ Ll . 1]e i .
g1 e Tl : @‘OTﬁ
= o : 7]
L5 ey L 6 i s
S 44 daarasn S 54 Turriraze ——
R cT T 4 s
o eraad X #
T 5 TwasaTi08 2 T 34
2 A Twrzarizs
11 14
(O I (OF R
PN A R PN A A R
log2 (Fold Change) log2 (Fold Change)
¢ IEE T (A vs D) d T8 74 (A vs D)
91 o [ 10_.J:'1J§J' T
91@ 1
3 Z ;]
E s 7] .
% % 5 o Twasa p - '..m,i“”::u:vun,z\
s 2 4 g =
2 L 3 Wis1T211 2
! b Taasrise
1 4
PN A R
log2 (Fold Change) log2 (Fold Change)
e IEE FHL (B vs C) £ 1712 T (B vs C)
1 . . 10 1 N .
94 @ LA L o ® L .
84 e T - : gl ® T et

[wsarvaas)
)

/- |
m2167240)
o
o—{M3347260_2.

.
‘M238T240]

—log10 (P-value)
W

2,
1_
PN A A R Y
log2 (Fold Change)
g IEE T (B vs D)

P
M398T354

™

M194T391_2|
missto7_2

P =
waziaes 2

—logl0 (P-value)
Wi

1_
04 - TV
PN A I R Y

log2 (Fold Change)
h 1% 742 (B vs D)

Bl 4 IR[R5ES A ry KA
Fig.4 Volcano map of different cheese comparison groups
TE: A HLTIIER Y BC20, B ML AR Wik ZX-99, C & W3k, D i A W3 FC<0.5 5(>2; P<0.05.

2R el H RIS 3 AW SO O UAS R 1R T
A —REREB, SR AR A | 2 P UH
FEH W2 1 A T R AR RS IRIE A2 KT PR
SERATVEI PRI, S B Iemeigg®s) - ipg M oS A ot
Y B AR T Al B BRA T B OB WA, Bik | B
I DI 9 I At U LS B ) T 1) oy 25 B

P

FE AR AERCR

BT R, Lo EE AR P LL i (R H
AP Préafb . Bl R a1 R, EHRAE 14
W BATS A B, TS0 R IR IS P MR | H w1
h2., FHRE, 25-25 AMEIEFIFRIT T #ER e MRS
SN EE = AN NP AN RGN S VAT EHINPS



5 444 55 214 TRAVER, 55 ZET IR 2R R 2 i & & 4 Q™= e <23 -
F 1 ot yms 2= AR LRl R
Table 1 The information of differential metabolites up-regulated in Monascus cheese
%' D 7)o LA &4 FC,. FC,, FCyc FCyp
Benzenoids(4£2%)
1 M199T287 1 N,n-dimethyl-n"-phenylsulfamide N, n-— - R A% 1778 1647.62 286  264.85
2 M238T240 Ketamine ST 3.60 325562 322 291640
Propanoic acid, 2-[[1-[3-[4-([1,1'-biphenyl]-4- AR, 2-[[1-[3-[4-([1,1'-BA]-4-FE FF RS ) -
3 M614T487  ylcarbonyl)-2-propylphenoxy] propyl]-1,2,3,4- 2- AR ATEINIE-1,2,3,4-TO - 41838 42422 8838  89.62
tetrahydro-5-quinolinyl]Joxy]-2-methyl- 5-R bl R T e ]-2- FY -
Lipids and lipid-like molecules (& i FIZSA5 5> 7)
4 MB334T260 2 Ipconazole e 7.46 702095 1.08 1016.19
5 M371T264 2 15(1),19(r)-hydroxy prostaglandin fl.alpha. 15(r), 19(r) - F2IERTI iR K fla 3.06 251490 0.93  764.06
6  M429T389 2 Resibufogenin TR UEEE R A 137.81  95.15 263.66 182.04
7 M445T116 Bufotalin IR ER 25055 126 64235 324
8 M456T371_1 Lithocholylglycine HaE AR 232 75400 377 1224.46
9 M537T245 Nomilin KR 3.87 169896 186 814.88
10  MS548T284 2 1-o-octadecyl-sn-glyceryl-3-phosphorylcholine 1-0-F/\ e -sn- Tl -3-BERR AN g 37349  0.62 108638 1.80
Organic acids and derivatives(f5 HL#2 & HAT A 49)
11 MI55T97 2 L-theanine LA E R 1016.92 258823 179.91 457.90
12 MI94T391 2 (-)-.alpha.-kainic acid (-)-o-L1H AR 121442 605.83 601.81 300.22
13 M216T384 Ala-Gln R4 B 9.03 51065 1137 64287
14 M287T36 Asn-Arg REHRAEER 432 0.02 340.14 131
15 M419T32 Hc toxin He# 3 81.49 9574 45249 531.65
Organic nitrogen compounds(A HLELEY))
16 MI62T374 2 L-carnitine ZETE P 202.05 034 36926 0.63
Organic oxygen compounds(f HLEELAH))
17 M234T108 2 Muramic acid JIRERR 736.10 3625.87 138.39 681.66
[(2r,3r,4r,51,6r)-2-[[ (2r,3r,4r)-3,4-dihydroxy- [(2r,3(riir¢5lrj;gE24[225£;é4;é-?%4$%£§%-4-
4-(hydroxymethy1)oxol'an-Z-yl]oxymethy]]-4- 4—[(2;3r,2‘;,5r,6§-—4{,5—:g£;6—‘¥ £_3_
[(2s,31,4r1,51,65)-4,5-dihydroxy-6-methyl-3- [(25.31.45.55)-3 4,
18 M906T118_1 [(2s,13r,4s,55)—?ﬁ,fi—trlh}_/gfozx-}gx;}q—l 5 Bk y ) R k23] 647.44 833.63 30621 394.26
dihydm)};’y];)l?eyr?yxla)gthoi)]/?-);}:hy(groxy’oxan-3-y1] Afl-6-[2-(34-FR A
(e)-3-(3,4-dihydroxyphenyl ) prop-2-enoate 6%‘%%\]'}?3%1%“%'3-%] () '3f -
A- TR HOREL) b L2 IR T S TR
Organoheterocyclic compounds (A AL AH))
19 MI83T280 2 ° 'f‘"a“°ag‘ig’;g‘_i;_gjj;‘f;yﬁ?fr?‘;ﬁ;‘i'_‘r‘gif‘e‘hy‘e“e‘ 3% uﬁjqﬂ@ﬂé{é ;ﬂs%ff-s-@m.z-ﬁg., 1241 013 141499 15.13
20 M186T266 Indolelactic acid | WL R 788.32 145730 121.00 223.67
21 M216T240 Atrazine [TEETIA S 341.69 2330.83 263.86 1799.90
22 M218T30 Ethoxyquin LR LIk 1455.65 2054.93 409.72 578.39
Phenylpropanoids and polyketides (<3 P ¢ F1 Rl )
23 MISIT211 2 Hydroxyphenyllactic acid FIIAFLR 141292 242 44144  0.76
Undefined (A432%)
24 MB337T206 2 Eplerenone hydroxy acid AR R R 3.52 224440 040  254.65
25 M398T354 Mepacrine KR 8.06 52144 6.02 389.48
26 M715T452 Subsessiline WFR 953.74 3258 12556  4.29

I AN R a1 T CA N B SNEAN 1T AN
Hh 2 7145 AR IE HAT BT IS L DU . I . R
B g/ S0, a2 e R BB T 3R e H R
h2 ., SR AT BE SR LA £ 1 h 5 K 1 i ot 2 BAH V3
PERYSCEE . FHT, MARA USRI S VIR 507
P HAT SRS U M 5 T ) 2t A2 28OR, A B 128
it A= DI ) A LT R B W R IR B, 2%
SO LA PP £ R B W S T B WO TS B WS
TR B aE AR DIfE

BT LA st oAy DI Retk A s A Q4 s
Jik i T HAT S 9 AR A A Pt 32 3 22 05

TAT B G, X T-32 3 BT A ity S K © ik 28 iR - 55 4
PR IR, 7 TC e T I AN XU S 7 ThI )
HRAE . MRS o R A B S i XUBR P, T
2% 3 FiZ W TR B BAR XU TCHIT9E 2= 1, SxX Al fiE
JE X321 0 B W i 5 At B B 0 1 XU 22 55 A S it
Z—o LT AR ] B AR e 1 B
A W) D REB X URSFIEIA A AR ATHST
2.3 KEGG RHERES

38 a1 A - DAt B o T S 22 S Rihis e
FA 5 RT, T BE Gl T AR LT R T SR SR AT P A ok 1) 5
11 DB 3 IR -7 N 7 N [ e v S I STV 6 o = M e 3] £ O



- 24 - B Tk B4 2023 4F 11 A

#* 2 a2 A T RS

Table 2 The information of differential metabolites down-regulated in Monascus cheese

%' D 7)o LA &4 FC,. FC,, FCyc FCyp
Benzenoids(4£2%)
1 MI122T190 Phenylethylamine HREL 0.00 054 000  0.60
2 M203T45 Iprovalicarb A 000 507 000 290
3 M269T29 2 5-tert-butyl-2,4-dihydroxybenzophenone S-RUT 3k-2,4- AL TR 126 0.0l 097  0.01
4 M293T346 Hydroxyflutamide FREL UM 0.00 034 000 090
Lipids and lipid-like molecules (T FIZEAE 437 )
5 M485T29 Andrastin a LAERTa 0.01 0.38 0.01 0.64
2—[(2r,4as,85,8als) ) —8—[2};[(421{§,7r,8ar) -7-(1-
carboxyethenyl)- 2-[(2r,4as,8s,8as ) -8-[2-[ (4as, 7r,8ar) -
6 MS09T196 oy 4atégzt}?yycliri-oxo o g;%zﬁ%ﬁ%glﬁﬁégjfé% 0.10 003 004 001

Sh-naphthalen-1-yl]ethyl]-4a-methyl-7-oxo-

1,2,3,4,8,8a-hexahydronaphthalen-2-yl]prop-2-

enoic acid

1-hexadecyl-2-azelaoyl-sn-glycero-3-

7 M652T351 phosphocholine

g M734T173 1,2-dilinolenoyl-sn-glycero-3-

phosphoethanolamine

9 M839T166 Pc 36:5
Nucleosides, nucleotides, and analogues (1%, %R K& HILIY))

10 M298T90 S-methyl-5'-thioadenosine
Organic acids and derivatives(f5 HLE2 & HATAH)

11 M164T63 N,n-bis(2-hydroxyethyl) glycine

12 M228T390 Pro-Asn

13 M245T237 Glu-Val

14 M277T225 Met-Glu

15 M279T249 Val-Tyr

16 M287T36 Asn-Arg

17 M424T242 Tyr-Pro-Phe

18 M662T311_1 Enniatin b

3-(1h-indol-3-ylmethyl)-6,18-dimethyl-12-
(1-phenylethyl)-9,15-di(propan-2-yl)-

19 M771T324 1,4,7,10,13,16,19-
heptazacyclotricosane-2,5,8,11,14,17,20-
heptone

Organic nitrogen compounds(A HLELAY))

20 M242T90 Dioctylamine
Organic oxygen compounds CH HLAEL A )

21 M365T449 Cellobiose
Organoheterocyclic compounds(A HLZMEEH))

22 M230T374 Icaridin

23 M390T53_1 Roquefortine ¢

24 M399T325_1 ethyl]-1h-indol-3-yl]- 1-naphthalenyl-

Phenylpropanoids and polyketides( 3R ke FIZ AR )

25 M419T156 Pomiferin

26 M763T252 Robinin
Undefined (A433%)

27 M179T92 Cantharidin

28 M184T214 Ecgonine

29 M252T390 Benzo(b)fluoranthene

30 M319T172 .beta.-zearalenol

31 M845T419 Rifampin

Methanone, [6-hydroxy-1-[2-(4-morpholinyl)

7-li-1,2,3,4,8,8a- 7N & ZE-2-FE N 245 TR

1=tk dk-2- B A Ik -sn- H i -3-wERRIBAH. 0.01 1481 0.00 3.81

1,2- BT E-sn- H-IH-3-BERR £ BERE 0.01 0.00 0.01 0.00

WENRBEALDL 36:5 205 002 330  0.03
S-FH -5 B B 0.08 0.1 0.11 0.01
N,n-XW(2-52 2.58) H &R 0.00 0.06 0.00 0.04
MR- KA =R 0.01 6.44  0.00 1.33

A AR R 0.00 219 000 039
RAER-FER 0.01 130 0.03 777
AR -1k R 0.03 139  0.00  0.08
REFRNEA TR 432 002 34014 131

ik R - Ml 2 - T 2R 0.01 416 000 053
B %D 0.18 0.1 329 0.0

3-(1h-M5|Pe-3- 5 H 5L ) -6,18- — HH Jk-12-

B R — oz 0 3E)-
(HZA)-9,15-—(Fike-2-3) 002 000 072 009

LA = 85-2,5,8,11,14,17,20- B

IR 0.00 000 002 00l
A - 0.38 0.00 1750  0.18
BWRET 0.26 0.01 0.25 0.01
SRR BE R 0.00 149  0.00 1.49
FHBERR, [6-F2FE-1-[2- (4-N Ik IE ) 2356 ]-
-3 3125 5 001 11.79 000  5.69
H SR AT 1.35 0.14 0.09 0.01
IR 0.01 0.00 0.06 0.02
R R 0.68 0.09 0.09 0.01
BRI 0.14 004 005  0.01
ZRF(b) T 0.02 8.66 0.00 1.12
B-E KT IRE 001 375 000 077
FlAET- 0.61 0.02 0.66 0.02

AT 20 2= AT s, om0 B 38 2= AR A ( Aminoacyl-tRNA biosynthesis) , 2}t 4= ¥ & i
10 4%, 453525 ABC %% iz ( ABC transporters) , N 2 ( Biosynthesis of amino acids), y-22 3 T F& 68 %< fih
fiR . R4 2 iR N Z 1% L ( Alanine, aspartate and (GABAergic synapse), HZ&HR . 2251% . 72
glutamate metabolism) , 2 [t -tRNA 4= ¥ & K (Glycine, serine and threonine metabolism), #™ 4 /5t
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Table 3 The same characteristic metabolites of Monascus cheese
%' D 7)o LA &4 FC,. FC,, FCyc FCyp
POS

Benzenoids (K3%)

1 M354T23 2 Isopropylcocaine SRR A 153.21 409.77 14030 375.23

2 M266T558 2 %ﬁégif?:fe?bisél[ét((ﬁh;;}rlig{?éﬁ?;l)lf - i %EH E 4{2‘{?}6@?@%_’&&%&%&XX 504 2307 566 2594

piperidinyl]-
l—piperidinecarboxylip acid, 4-[6-[4- LR IEIRTR, 4-[6-[4-[(H 48043 ) L 4L -
3 M496T371 [(mz‘;‘;;ﬁg%ﬁ’;‘;ﬂﬁ;‘;}“ﬂ&‘;‘;‘;ﬁh‘]"(4‘ 4-( 4-”50%%)-1h-ntEtﬁu%F[l3,4-d]%ﬂi-l JE- 633 5254 607 5040
pyrimidin-1-yl]-, methyl ester

4 M417T30 Alfentanyl TIP3 NJ/EA 77.07 88.01 8516 97.25

5 M238T240 Ketamine SN 3.60 325562 322 291640
Lipids and lipid-like molecules(JI§ i AIZS )5 51)

6 M433T30 1 Latanoprost PIHFTH R 154.46 150.95 151.70 148.26

7 M579T402 2 Cucurbitacin e #Hiri Re 27.14 1203 2638  11.69

8 M539T418 Fusidic acid VG Hb R 2094 1409 19.97 13.44

9 M414T427 1 15-ketobimatoprost 15-- L S5 2 449 11402 484 12285

10 M447T30 1-octadecyl lysophosphatidic acid B AN BN 1R 1 1255 1825 1050 1527
Organic acids and derivatives(f5 HLE2 & HATAH)

11 M423T338 2 Tyr-Leu-Lys ik AR 2 R - R 3413 4881 3827 5473

12 M618T482 arﬁiﬁﬁﬁéifﬁéi’lﬁi[[?.{f{?f’f‘ cyyccylzllfe};eyxl?x)y> ﬁﬁ ﬂ%%é&?ﬁ%—%@iﬁ%ﬁ%gf T 9588 10021 91.46  95.58

butoxy]phenyl]propoxy]-

13 M439T422 Quinapril WIS F ) 9.05 2190 674 1630
Organosulfur compounds (A HLERILAH))

14 MI128T53 Tillam BRI g 268 1328  3.02 1497
Phenylpropanoids and polyketides(ZEHE P %e FIZRER )

15 M212T277 Methyl dopa 1B il 33.17  302.64 27.17 247.87
Undefined (K 432%)

16 M530T558_1 4-hydroxyphenylmaraviroc LR RS S R el e 4.46 28.31 4.41 28.01

NEG

Benzenoids(#3%)

1 M123T63 Orcinol # R 1448  19.10 1131  14.92
Lipids and lipid-like molecules(J§ B FIZEfIE 2T

2 MB355T415 2 Prostaglandin f1.alpha. HIFIR R Lo 752 17316 743 171.02

3 MB339T211 1 15-ketoiloprost 15-[i-JHERTHIZ 171.68 15.65 13644 12.43

4 M821T362 Licoricesaponin h2 HEE 2 5522 26190 48.08 228.05
Organoheterocyclic compounds(A HLZMEAH))

5 M388T211 Alfuzosin PR S 502 4462 378  33.60

Pyrinol 2 AN g D R
6 M468T274  octahydro-9-methoxy-6-(2-methylpropyl)- 1’2’3"%’)7_’}24_133%%"3 - §§Z ﬁﬁfﬁ EN 53.09 1193 5952 1337
1,4-dioxo-, 1,1-dimethylethyl ’ ~(3s a1 2;)_ =R,
ester, (3s,6s,12as)- o>

Undefined (A432%)

7 M833T328 25-desacetyl rifapentin 25-F LIRS R T 360.99 37.69 262.02 27.36

T AL I3 IEEBC20, BRAT I Wil ZX-99, CHT5 245 s, DA FVEYIE . VIPye ap se 50”1 VIPAs < 5 FCac ap 5e. 85725 Pac. ap. 5e. 5p<0-05.

Pap=0.05.

% K (Mineral absorption), mTOR {5 518 [ (mTOR
signaling pathway), && I ST {H AL RS (Protein dige-
stion and absorption), FIZE . 552 MRS & R4
Y& . (Valine, leucine and isoleucine biosynthesis) .

Hodp, FELT AR EE W% BC20 vs B B . 21
Wik BC20 vs [IEEWIRK . LLITER IR ZX-99 vs 8
WimEIX 3 A~ PR i, 8 BT AR AN SCE B A
AR W 2 T H A E B TR L ih AR W I ZX-99
vs FIRE W el v, 25 P BT A R ISR 1 s

SRR IR T ABC §%iz 38 O 1 i T o Ath 3 B o
5525 MR TH AL RN ORE AR S BRI A SRR,
DL- (2R, #iZ IR, I, TNTIZ, DL-BS RS, LA L
24 6 MR IRIRT A 2.2 Fr AT TS A4 4 3 2=
SR, Horh S e 4 0T A E LT I A
%R 2, TR S DL-BRERRAI) T & EEAE 2K
2T W W5 v Sk 51

7 10 SR a2 s oAy 22 AR HE S, 524
FEPRAH GBS 5 FEAR RS, Tl A iy e fm] 2 S A it ™
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mTOR signaling pathway

GABAergic synapse

Protein digestion and absorption

Synaptic vesicle cycle

D-Arginine and D-ornithine metabolism

Fc epsilon Rl signaling pathway

Arginine biosynthesis

Valine, leucine and isoleucine biosynthesis
Alanine, aspartate and glutamate metabolism
Aminoacyl-tRNA biosynthesis

Mineral absorption

Retrograde endocannabinoid signaling
Glycine, serine and threonine metabolism
beta-Alanine metabolism

Biosynthesis of amino acids

Neuroactive ligand-receptor interaction
Butanoate metabolism

Biosynthesis of various secondary metabolites - part 3
Arginine and proline metabolism

ABC transporters

P-value

Bo
Hool
[ o.02
[ 0.03
[10.04
0.05

Enriched KEGG Pathways (Top 20)

S RARE LI N T ICEIN O

Compound number
aAvsC

mTOR signaling pathway

GABAergic synapse

Protein digestion and absorption

Long-term depression

Alanine, aspartate and glutamate metabolism
Mineral absorption

Valine, leucine and isoleucine biosynthesis
Synaptic vesicle cycle

Oxytocin signaling pathway
Aminoacyl-tRNA biosynthesis

Citrate cycle (TCA cycle)

beta-Alanine metabolism

ABC transporters

Glycine, serine and threonine metabolism
Vitamin digestion and absorption
Neuroactive ligand-receptor interaction
Arginine and proline metabolism
Biosynthesis of amino acids

Biosynthesis of various secondary metabolites - part 3
Pyrimidine metabolism

P-value

Bo
ool
[ o.02
[ o0.03
[70.04
0.05

Enriched KEGG Pathways (Top 20)

S RARE LI ONCE I ICCIN AT

Compound number
bAvsD

mTOR signaling pathway

Protein digestion and absorption

Valine, leucine and isoleucine biosynthesis
GABAergic synapse

Synaptic vesicle cycle

Aminoacyl-tRNA biosynthesis

Mineral absorption

Citrate cycle (TCA cycle)

Alanine, aspartate and glutamate metabolism
Glycine, serine and threonine metabolism
Arginine biosynthesis

Retrograde endocannabinoid signaling
Biosynthesis of amino acids

Pantothenate and CoA biosynthesis
Butanoate metabolism

Phenylalanine metabolism

Neuroactive ligand-receptor interaction
lutathione metabolism

ABC transporters

2-Oxocarboxylic acid metabolism

P-value

Bo
Hool
[ o.02
003
[10.04
0.05

Enriched KEGG Pathways (Top 20)

DA NV AT

Compound number
cBvsC

mTOR signaling pathway

GABAergic synapse

Valine, leucine and isoleucine biosynthesis
Protein digestion and absorption

Regulation of lipolysis in adipocytes

Citrate cycle (TCA cycle)

Glycine, serine and threonine metabolism
Aldosterone synthesis and secretion
Alanine, aspartate and glutamate metabolism
Mineral absorption

P-value

Bo
ool

Pyrimidine metabolism l 0.02
ABC transporters
Pyruvate metabolism l 0.03
Aminoacyl-tRNA biosynthesis l 0.04
Phenylalanine metabolism
Butanoate metabolism 0.05

Glycerophospholipid metabolism
Tyrosine metabolism

Purine metabolism

Biosynthesis of amino acids

Enriched KEGG Pathways (Top 20)

SV Y6 OAEASIIOILLLEISIIGIES

Compound number
dBvsD

E5  A[FETIEE LR KEGG & 42 % &
Fig.5 KEGG enrichment pathway map of different cheese comparison groups
i A HEZLHE I BC20, B LI E Wil 2X-99, C AR5, D S R Uil . BALAR 2% KEGG AUIHE B b 60 1% 1 22 53k
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YA = =SR2 TR, 2- 5 PIFESER R, ULAR, DL-tA2 B2 iR, S as . LA 26 11 R R A
1R, DL-Pi% 2\l , L-7) 2 1R, 1212, TN WAL, BEINR, SRy 2.2 v AT AR 0 I 3 25 AR T A, L Y
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P ik =z A, 7E KEGG fRisH&EZ s K iy r=4
H ORI S 2 AR DR EA R, i an
15 ARAZHERTE . 2- PN ESER R L WUR . & —OAZ TR
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TS T WIS R R DAL I B R, JFX ) 22
21 A s A M EA T oA, AR S 4x T L YRR
HDA VA R = ) RRAE .

S 3Lk

[1] CARONT,PIVERMLE, PERON A C, et al. Strong effect of
Penicillium roqueforti populations on volatile and metabolic com-
pounds responsible for aromas, flavor and texture in blue cheeses
[J]. International Journal of Food Microbiology, 2021, 354: 109174.
[2] FERE, I A. owh B/ % Camembert T8 4 &~ o9 A
BRI e T A3, 2016, 37(13): 167-172. [ SUN Y J, SUN
Y J. Application of Monascus in the production of Camembert imita-
tion[J]. Science and Technology of Food Industry, 2016, 37(13):
167-172. ]
[3] JTAOJK, ZHENG Z Q, LIU Z M, et al. Study of the composi-
tional, microbiological, biochemical, and volatile profile of red-
veined cheese, an internal Monascus-ripened variety[J]. Frontiers in
Nutrition, 2021(8): 649611.
[4] B, XRRE, FER, F. ol B FEFRELIAET
ey Hen [T]. e, 2021, 42(24): 117-122. [ JTJAOJK, LIU
Z M, ZHENG Y R, et al. Effect of Monascus as an adjunct starter on
physicochemical and rheological properties of white mold cheese
[J]. Food Science, 2021, 42(24): 117-122. ]
[5] YUHN,LIU ZM, HANG F, et al. Effect of Monascus sp. as
an adjunct starter on physicochemical properties and proteolysis in
semi-hard cheeses during ripening[J]. Food Science and Biotech-
nology, 2016, 25(3): 785-793.
[6] WUSM, YUHN, LIU Z M, et al. Influence of Monascus
purpureus BD-M-4 on the physicochemical properties, proteolysis


https://doi.org/10.1016/j.ijfoodmicro.2021.109174
https://doi.org/10.1007/s10068-016-0133-4
https://doi.org/10.1007/s10068-016-0133-4
https://doi.org/10.1007/s10068-016-0133-4

- 28 - £ Tl B4

2023 4F 11 H

and volatile compounds of surface mould-ripened cheese[J]. Food
Science and Biotechnology, 2019, 28(1): 129-138.
[7] JTIAOJK, LIU Z M, ZHENG Y R, et al. A novel application
of Monascus purpureus in semi-soft cheese making[J]. Journal of
Food Processing and Preservation, 2021, 45(3).
[8] FHARIEER L AR AH £ 2. GB5009.222-
2016 R A B AR RSP RATELGMNT[S]. 7.+
#7 /& $ B 4, 2016. [ The National Health and Family Planning
Commission of the People's Republic of China. GB 5009.222-2016
National food safety standard-determination of citrinin in food[S].
Beijing: China Standards Press, 2016. ]
(9] M4, AR, X IRR, 5. iBs A BF A 2o vy B od Jhd A K
XA B IR AL R A Ao S AL R Fvl [T]. e 5 A B Tk, 2023:
1-11.  [2023-08-14]. https://doi.org/10.13995/j.cnki.11-1802/ts.
034504. [ XU X M, ZHENG Y R, LIU Z M, et al. Screening of
Monascus as cheese starter and its effects on physicochemical, tex-
ture and antioxidant properties of cheese[J]. Food and Fermenta-
tion Industries, 2023: 1-11. [2023-08-14]. https://doi.org/10.13995/
j.cnki.11-1802/ts.034504. ]
[10] ZHANG X, ZHENG Y R, ZHOU R, et al. Comprehensive
identification of molecular profiles related to sensory and nutritional
changes in Mongolian cheese during storage by untargeted metabo-
lomics coupled with quantification of free amino acids[J]. Food
Chemistry, 2022, 386: 132740.
[11] T4, 0K KL, 5. W RRAIERBIAT A
A A R AL R A R R [T]. R S A 5, 2022, 43(13):292-301.
[NING Y W, LI M R, CHEN Y, et al. Progress in research on the
antithrombotic mechanism of food-derived organic acids and their
derivatives[J]. Food Science, 2022, 43(13):292-301. ]
[12] RER, LR, FEW, . FH 08P BB AR AL A
e e R A R R (T]. 2 g A 52, 2020,41(9): 211-221.
[LUANBY,SHIHL, LIY B, et al. A review of free fatty acid
catabolism in mold-fermented cheese and its effect on product quali-
ty[J]. Food Science, 2020, 41(9): 211-221. ]
[13] MAA, Kt B8, F. KAWL A A4k V],
¥ B g % el 2003,23(3): 31-34. [ TAO S M, ZHANG T H,
PENG C Y, et al. The application and development of heterocyclic
compounds [J]. China Food Additives, 2003, 23(3): 31-34. ]
[ 14 ] NASEEF H, SAHOURY Y, FARRAJ M, et al. Novel fusidic
acid cream containing metal ions and natural products against mul-
tidrug-resistant bacteria[J]. Pharmaceutics, 2022, 14(8): 1638.
[15] 3RE, R REF F HIF P LG L RS0 ME%H
% U], FHEA X 54k, 2019,41(7): 658-665. [ ZHANG X,
ZHANG F, ZHAO ] J, et al. Network pharmacology study of
saponin components in licorice[J]. Journal of Ningxia Medical Uni-
versity, 2019, 41(7): 658—665. ]
[16 ] ZORRILLA J G, D’ADDABBO T, ROSCETTO E, et al. An-
tibiotic and nematocidal metabolites from two lichen species collect-
ed on the island of lampedusa (Sicily) [J]. International Journal of
Molecular Sciences, 2022, 23(15): 8471.
[ 17 ] ZURLINDEN T J, EPPERS G J, REISFELD B. Physiologi-
cally based pharmacokinetic model of rifapentine and 25-desacetyl
rifapentine disposition in humans[J]. Antimicrobial Agents and
Chemotherapy, 2016, 60(8): 4860—-4868.
[ 18] SILVESTRE G F G, DE LUCENA R P, DA SILVA ALVES
H. Cucurbitacins and the immune system: Update in research on an-
ti-inflammatory, antioxidant, and immunomodulatory mechanisms
[J]. Current Medicinal Chemistry, 2022, 29(21): 3774-3789.
[19] FA&m, ZEAE, HRE, F. ERLFERLSALRENT

M (7). 3£ 25,2021, 52(10): 2869-2875. [ LI C L, MENG X H,
SHANG X Y, et al. Constituents of Zanthoxylum bungeanum peri-
carps and their anti-oxidative activity[J]. Chinese Traditional and
Herbal Drugs, 2021, 52(10): 2869—-2875. ]
[20] LIU W B, WANG H L, CHEN L, et al. Cucurbitacin E in-
hibits cellular proliferation and induces apoptosis in melanoma by
suppressing HSDL2 expression [J]. Chinese Medicine, 2022, 17(1):
28.
[21] JIANG X L, MA B J, WEI X D, et al. Study on the chemo-
therapeutic effect and mechanism of cucurbitacin E on laryngeal
cancer stem cells[J]. Laryngoscope Investig Otolaryngol, 2022, 7
(3):723-729.
[22] YANG T, TACKIE-YARBOI E, MEI X, et al. Depletion of
esterase-harboring bacteria increases antihypertensive efficacy of
ACE inhibitor quinapril [J]. Faseb Journal, 2021, 35(S1), 02954.
[23] YANG T, MEI X, TACKIE-YARBOI E, et al. Identification
of a gut commensal that compromises the blood pressure-lowering
effect of ester angiotensin-converting enzyme inhibitors[J]. Hyper-
tension, 2022, 79(8): 1591-1601.
[24] VAN DE VUSSE D, MIAN P, SCHOENMAKERS S, et al.
Pharmacokinetics of the most commonly used antihypertensive
drugs throughout pregnancy methyldopa, labetalol, and nifedipine: A
systematic review[J]. European Journal of Clinical Pharmacology,
2022, 78(11): 1763-1776.
[25] MARI A, ANTONELLI A, CINDLOLO L, et al. Alfuzosin
for the medical treatment of benign prostatic hyperplasia and lower
urinary tract symptoms: A systematic review of the literature and
narrative synthesis[J]. Therapeutic Advances in Urology, 2021, 13:
1-15.
[26] FENG L H,LIY Q, SUN G J, et al. Antibacterial effect of
orange Monascus pigment against Staphylococcus aureus[J]. Acta
Alimentaria, 2019, 48(2): 169—176.
[27] CHEN C L, TSENG J H, PAN T M, et al. A randomized,
double-blind clinical study on blood pressure reduction and blood
lipid profile amelioration on treatment with Ankascin 568[J]. Chi-
nese Journal of Physiology, 2017, 60(3): 158—165.
[28 ] HUANG Y P, LIP, DU T, et al. Protective effect and mecha-
nism of Monascus-fermented red yeast rice against colitis caused by
Salmonella enterica serotype Typhimurium ATCC 14028[J]. Food
& Function, 2020, 11(7): 6363-6375.
[29] NOH YOUNG-HEE, PYO YOUNG-HEE. The in vitro anti-
diabetic and anti-obesity effect of Monascus-fermented grain vine-
gar[J] JournaloftheKoreanSocietyofFoodScienceandNutrition, 2021,
50(8): 783-791.
[30] CHENY, LI P, LIAO L Y, et al. Characteristic fingerprints
and volatile flavor compound variations in Liuyang Douchi during
fermentation via HS-GC-IMS and HS-SPME-GC-MS[J]. Food
Chemistry, 2021, 361: 130055.
[31] ALVARENGA L, FERREIRA M S, KEMP J A, et al. The
role of betaine in patients with chronic kidney disease: A narrative
review [J]. Current Nutrition Reports, 2022, 11(3): 395-406.
[32] Ems, EF, -, . 4R SUL B A2 P ik AL & &
M Bl F &R (32 ) [T]. & &A%, 2021,42(14): 170-179.
[ WANG P, WANG W P, XU D D, et al. Analysis of taste com-
pounds in red sufu during fermentation and discrimination with elec-
tronic tongue[J]. Food Science, 2021, 42(14): 170-179. ]
[33] FARKOUH A, BAUMGARTEL C. Mini-review: Medica-
tion safety of red yeast rice products[J]. International Journal of
General Medicine, 2019, 12: 167—-171.


https://doi.org/10.1007/s10068-018-0459-1
https://doi.org/10.1007/s10068-018-0459-1
https://doi.org/10.1016/j.foodchem.2022.132740
https://doi.org/10.1016/j.foodchem.2022.132740
https://doi.org/10.3390/pharmaceutics14081638
https://doi.org/10.3390/ijms23158471
https://doi.org/10.3390/ijms23158471
https://doi.org/10.1128/AAC.00031-16
https://doi.org/10.1128/AAC.00031-16
https://doi.org/10.2174/0929867329666220107153253

%44 5 21

TRAVEL , 45 FET AR RIS LL it e Ims i) (s e 29 -

[34] DUPONT A G, LEGAT L. GABA is a mediator of brain AT
(1) and AT(2) receptor-mediated blood pressure responses[J]. Hy-
pertension Research, 2020, 43(10): 995-1005.

[35] MIR H,ZHAO J, CHEN L, et al. Efficacy and safety of ho-
mobharringtonine for the treatment of acute myeloid leukemia: A
meta-analysis[J]. Clinical Lymphoma Myeloma and Leukemia,
2021,21(10): €752-€767.

[36] KWOK T H, WONG K K W, LAM W, et al. Homoharringto-
nine overcomes drug resistance and synergises with venetoclax in
acute myeloid leukemia via inhibiting protein synthesis[J]. Blood,
2022, 140(S1): 11540.

[37] PORCU E, MAULE F, MANFREDA L, et al. Identification
of homoharringtonine as a potent inhibitor of glioblastoma cell pro-
liferation and migration [J]. Translational Research, 2022: 251.

[38] RICCIUTELLI M, BARTOLUCCI G, CAMPANA R, et al.
Quantification of 2- and 3-isopropylmalic acids in forty Italian wines
by UHPLC-MS/MS triple quadrupole and evaluation of their antimi-
crobial, antioxidant activities and biocompatibility[J]. Food Chem-
istry, 2020, 321: 126726.
[39 ] B, MRid, TRAK, 5. PLBRANA A 69 £ F e A LR
&y R R[] B8 I F AR, 2022, 34(9): 5466-5474.
[ DUAN B B, XING T, ZHANG L, et al. Biological function of
creatine supplements and their application in meat-type poultry pro-
duction[J]. Chinese Journal of Animal Nutrition, 2022, 34(9):
5466-5474. ]
[40 ] FRANCO A D, BATTINI R, KUSMIC C, et al. Cardiac in-
volvement in creatine deficiency syndrome[J]. European Heart
Journal, 2022, 43(S2): 2623.



	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 奶酪的制作
	1.2.2 样品前处理
	1.2.3 色谱条件
	1.2.4 质谱条件

	1.3 数据处理

	2 结果与分析
	2.1 不同霉菌奶酪的代谢表型分析
	2.2 红曲霉奶酪的代谢产物特征分析
	2.3 KEGG代谢途径分析

	3 结论
	参考文献

