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Abstract: In this study, poinsettias and Russian red beet roots were used as the raw materials, and the flavonoids in the
two kinds of red beet roots were detected and the composition and differences of their metabolites were analyzed using the
UPLC-MS/MS detection platform and the self-built Metware database. Multivariate statistical analysis was used to screen the
differential metabolites based on the data of the detected flavonoid metabolites. Then, the KEGG website was used to analyze
the synthetic pathways involved in differential metabolites. The results showed that a total of 69 flavonoid metabolites were
detected in two kinds of beet roots, which were divided into six types: flavonoids, flavonols, chalcones, dihydroflavones,
auronoids and other flavonoids. There were 29 kinds of differential metabolites, with 12 kinds of differential metabolites
having higher contents in poinsettia than in Russian red, and 17 kinds having lower contents in poinsettia than in Russian red.
According to the metabolite, log,FC, the components with relatively large differences were mainly pentahydroxy chalcones,
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isorhamnetin, dimethoxy-flavone, anthrone, polymethoxy-flavone, quercetin, kaempferol, geranyl, and hyperplantin

derivatives. There were seven metabolites annotated to the KEGG pathway: 3-O-methylquercetin, luteolin, 3'-o-methylluteolin,

rutin, isoquercetin, isovitexin, and trilobin. These results indicated that there were significantly different flavonoid metabolites

in two kinds of beet substances, which could be used as characteristic metabolites for further analysis.

Key words: red beet; root; flavonoids; differential metabolism

AR, BB NN & o ik > 1 75 ok H i 52
CARIIE-Re it YL o SUNavBY W o N A U L O
TV E TR RIS . ZLE5E (Beta vulgaris L.), 28},
RSP A g X B R, RN B3R
AP e, At REA %Y. ENEEN
fEREE N, A1 LA SR I R AL AR oy 2
BHET . AfiRHTEARR. KEIHAN 2
S Z PP AR PRI T R AU, B SRR 2
CLERI EERAERB Y —, 2—PKEES
BRI ER, HTEEREMPURERRE, )
ZREES TG GRS, Gakm, §Ea
ORI EMEGIE. ik itz fue.
FAM B 25 AR T S AR AT R RO .
SARIEX B A A REN, SHERA4DN
GRAX, WEEEWIEGD, SRR KA,
FAT T R R

KEMIRNEMR—RZMENEY, BAR
RPN E AP E EEAY . BIHAT N, CRBL
I AP 2R TR F] 4 000 2 Fh, PR ILAE N RBIRIE
ST BV DURAE T, AT AR R 2 S TV B
S, B, HAr s B — A0 = RROE R
AR (@ A CHD) JE R C6-C3-C6 F BEZ I
TR WAL M AR R 25,
FEEKNOFE I, R mE . B R ME
IR, e & Y R B E A
IR 7y R R 2R SR A&, EAIESH
LA g AR BB R, DABIT LR AR A R B
&SR AR RE AR Ak, XA
SR AT DA R AN JEAS, ORI 52 K 4k
LA YIE, ERHENES ST DiEPiE rfk
EMMAFESBREAF . BRI 5
FUAEDPUANTEER I BRI RS, HK
TRBEERMETI R, &8RS L
SEHARACUI ] (1) P 7E B 28 206 DL

ARG DR FC— i 0 AR 2 17 41 S A
8 08 W 28 R AEAR P B AR N DN R, A BT R R

R AN By I RE /) R AN P&t
WEF. R T w0 RO G - R BBk
(High Performance Liquid Chromatography-Diode
Array, HPLC-DAD). & & ¥ #H 4 3% - it 1% %
(High-Performance Liquid Chromatography-Mass
Spectrometry, HPLC-MS)!"™ A & #% fif & 9% ) 1 Al
e e RO s — R S L T - RATITE) - B AR
Jiik, Frla iR T7EE T A R
A 32 5% 53 43 i (Principle Component Analysis,
PCA), LA/ 3% K5 0 HriZk (Orthogonal
Partial Least Square-Discriminate Analysis, OPLS-
DAY, AN RN B S B 20 5 AT U0 0T
i BT AS R SC SR A T £ S DR b 2K 5
KA PRI RS S B AT U, 0 S B B
RGBT IR HATCAMRE, #hSaE+E
B R RY, I HAE S SRR A S I
11 Fp =5 2. S S AL A4 AR B AR
YA 260 4>, b LA g R T e 2 R AU 99
Pl FERT NIRRT, A H DU S e —
i ZL I SE PR o BAT 2 22 R A P e N AR
RT3 T B Eh 2 B HE S5 T 7T T AR 7T U 3 5 o) A
PIRPLLEESEIRS = i 2= 57, SR BA B =
SRR, B E BA RS I o3 T
SRR LRI AT RGN, X B AN R 2L S PR
JE 222 S A 0 3 A B B R

1 MR5REE

1.1 R AR

ZLAE PR AL A B A AR AL HB X AR Fh— 2
(Two CK) MM W2 (Three CK), 4357 H M4 /K
V5 TP R 2R R A 2432 A A A ] b 7 M B AR A
AR E Pl AL AL 2022 4F 4 A 28 H #&Fh,
[F4F 10 H 8 S Wsk. PR T w5 /R i Ak B 2% B
AR H o TSR it A 23 0 B B — B 6 M ERAR
ERRIR A RE, BAHARR 45 BEM A1 om BHAR %

265




MR B

Modern Food Science and Technology

2024, Vol.40, No.4

JaiREfEAr T -80 CUKMEREA -
12 RAGNBRAE

F BE (MethanoD. . )15 (Acetonitrile). Mg R #2
(Ammonium Acetate)+ 27K (Ammonium Hydroxide)
ali B # N LC-MS 2%, CNW, L-2- & 7K W & %
(2-Chloro-L-Phenylalanine) 4% K+ 45+ 98%.

2440 1290 UHPLC 8 @ 20, il 9
F Waters ) UPLC BEH Amide i 4E (1.7 um,
2.1 mm=100 mm), UPLC BEH fi&tE (1.7 pm,
2.1 mmx100 mm, 7K) HEHEF| Triple Tof5600 (Q-TOF,
AB Scicx), FEER & /KRBl Heracus Frescol7 B.0»
#l, Sartorius K “F- (BSA124S-CW), Merck Millipore
aiiykAC (B D24 UV), IR BB AR A
A (PS-60AL).

1.3 R¥EF &

13.1 #H&RERRALE

YRR E TR TR B A G TR
B BE AR B (30 Hz, 1.5 min) ELE¥ AR :
B 50 g IRy A, ¥fRT 1.2 mL 70% B 4R 0GR 5
fEid 30 min BT EIRIE—IK, BRHRFFS30s, TRE
6 K. B (12000 r/min, 3 min) J&, WEL Bi&R,
FAFLIERE (0.22 um Pore Size) IHHEFES, BN
BERI R ARAE, ] UPLC-MS/MS &™),
132 Kt

AR P o A B S AR AL 7 e DU
PR AEMRHE AR AT 5ERR, MRS ITEE Y= F
GoEl BEAARER . ORFEESERE R TEVK | 4 CRE
5, L 100 pL FE 5 E T EP &, A 300 pL HEE
I, RGN 20 pL WARYD, Jigin 30's, LA A
AbFE 10 min, —20 CHE 1h, BARIE, RJELA
13 000 r/min FJEEFLE 4 'C, B0 15 min"”, T
200 pL BRI REEHE BRI 2 mL LC/MS B
AN, AR S R &R 20 pL 1F R B R
i, IRl EEWUH T UHPLC-QTOE-MS 43 #7
133 #3186

N T A S B I K o T S, JRATT S eI
56 FF i (7 [ S Aar ) 5T 4% #F 4 (Quality Control,
QC), TEAUHEARKAN A M sL 50 26 1 T, 13 A28
et SR, LR SCRESEIRA H 45 it .
ARSI KM T QC BEA ESI- #E 2 T S8 1 E
(Total Ion Chromatograph, TIC) LbX} 1 PCA # Ff

266

DN S R AR QC BEARKE AT S i
1.3.4 ARt

LA 1290 8 = ZORAH, B NI H Waters
/3 A UPLC BEH Amide 234 (1.7 pm, 2.1 mm
x100 mm), f# ] UHPLC R4 (1290, ZHEEHA
A A 34T LC-MS/MS 73 #r, ¥ UPLC BEH B fix
FE (1.7 pm, 2.1 mmx100 mm, 7K) %423 Triple Tof
5600 (Q-TOF, AB Scicx) I, ¥izh4H H 25 mmol/L
NH,OAC #1125 mmol/L NH,OH 41 /%, 7£ pH {4 9.75
kA (@) MZKE (o) BEATVEME, Btk T -
0Omin, 95%b; 7min, 65%Db; 9min, 40%b ; 9.1 min,
95% b ; 12min, 95%b, LA 0.5 mL/min %", 3EA
N 3 L.

Hi 1% 55 55 1 YR (Electrospray lonization, ESI)
(iR B2 500 °C: BT M5 HUE (IS) 95500 VCIE
BTEAD /4500 V (RETFEIED ; B FUERAAE L
(GS1), A Ak2 (GS2) FIKAA (CUR) 4y 5l %
BN 50,60 125 psi, AR <k (R WEATE.
SR 2% & (Declustering Potential, DP)
filif# §& (Collision Energy, CE) HEATHC L, & /J55¢
%25 % S NI (Multiple Reaction Monitoring s
MRM) & 1% DP A1 CE. [a] I -4 418 4 > 1 27
PN B ) A6 40 SR A T 4 — ZH R € 1) MRM. & 1
XU Hd SR A AN B 32 ELRLHG UPLC R HR G (4
(Tandem Chromatography, MS/MS).

13.5 BB

KBUOK PAE. 2 7 £% #0F OPLS-DA #5214 [
VIP {E & 07 Aok e B 2 AR, 0 (1 b
N FC>2. FC<<0.5. P value<<0.05 f1 vIP>1"",
W F R AT (PCA) HTFEA, TR HFEA
() AR AR 22 S 2L AR AR 2 [P A8 S FEE K/
13.6 Ri#thE MR E7 %

W4 T 4E AR MWDB %4 2, HRIE k1S
FIME BXT R AT e b AR S B 8
b = PU AT 5 ) MRM K47 204 AR
03l U (1) WS TR ARRR 40 3R AR & oy AR N & &, FF T
[ — AU LE B AR P IR 5T 1t Ve dE AT T AR AR
Iy IE .

2 HBREHH

2.1 BRI
S B FRATT AT DUE H B I B 2 g e At




MR B R

Modern Food Science and Technology

2024, Vol.40, No.4

JEAR S, BefE A 3 S0 B0 5 W1 7 oK

1222
3.6e7 |
3.2e7f
. 287
[72)
§: 2.4e7 |
z 20e7f |
£ 1.6e7t |
£ 12e7F h
0.80
8.0e7 ol 620 632 822840 I
4.0e7F | 255 a0
0.0 1AW l//\‘\JC\/\(\A LAy AL | L TRA
1 23 45 6 7 8 910 11 12 13
Time / min
B 1 QC ##mIEEFiRE
Fig.1 Sample positive ion flow diagram
12.22
3.8e7
3.4e7r
s 3.0e7
é 2.6e7
2 227 |
g | 0.62
§ 1.8e7 ’(o,so 1
= ld4e7r M 319 1
10e7| “\ 2
{l 1l i
LN 1.982,55 : ; |
6.0e7 HM 19/ ( s O 785‘:;8435 “
AT o AT PO 1 O S |
1 2 4 5 6 7 8 910 11 12 13 14
Time / min
2 QC #AHRBEFIR

Fig.2 Sample negative ion flow diagram

22 FRA M (PCA)

T A A I o S LR ) E BRI AT, R
ik — 25 AR A RE i 1A AR IS ARA T AR Ak DL R 4% R
mm A AR A 3 55 . PCA 45 R WoR & 2 MR 4 2
L o B e ss, XA DA R AR S AR 4L A2 7
FEZS, PCA 184k 3 Fior.

sk Group
- u Two-CK
Two-CK-3  TWo.LK-I o Three-CK
o Three-Treat-CK-2
® OF Three-Treat-CK-1
o °
S Three-Treat-CK-3
O
&
,5 L
Two-CK-2
-
1 1 1 1
-5 0 5 10
PC1 (47.03%)
E 3 PCA B4 E

Fig.3 PCA score plot
JE: Two-CK A —dbfrsr#t 3, Three-CK A F Herdr k.

23 ExMmE/D =T FEH F 24T (OPLS-DA )

OPLS-DA %54 OSC il PLS-DA J5i, 1 X %
R0 2 A RN Y A5 SRS A R 1 2 AN ds, @it
THBRANKH 2 1 22 SR i e AN [ A & o

Scores OPLS-DA Plot

Group
& 20} mTwo-CK
7 o Three-CK
= 10fF
'g Three-Treat-CK-1
g or Three-Treat-CK-2
=
= 10l Three-Treat-CK-3
s
1S
on
2 -
£ 20
o 1 1 1 1

-1 0 4 8
T score[1](47.8%)
& 4 OPLS-DA 184
Fig.4 OPLS-DA score chart
E: ARAATA PCA 09T, B F AL ATATHE 49 75 @) &
LRIR) ZFE; AR A ER IR, KA T TR, EE
M AR BEWGETUEAT AR, BaEAT
TR AT HAE R AR, —AE SRR — R R &R AT,
Group & T4

24 — Sk B o EHRAR P K EE X
R i

T EAE Z 1 A FE AR/ W 0T 21 B SE A
IRAEARE A 78, s, 2. B MRS
FieemsE, (HEINT RN N FEE . B
A TEHTEA L T Bk RE PO RN PRAR I pE P S 2
HEA RGFIER. AU T A28k
R B AR R =, 23 A o T = A B
M. 3w KRBREZR. MR olx. LEH
S, HAPEE S AT AR R R IR R S A
BRZ. A 5WE B E i AR e I a
69 B, ArFNKEE, ol R B, Al
KM N, TR, RS, Hoh R
A 24, 31 A, HARKEE 10 4>, BEEEEE
234, “EEEE 2 A, HEEZE 1A 6-0-4-D-
M3 2R %5 ((2)-6-O-B-D-glucopranosyl-6,7,3°,4°-
tetrahydroxyaurone). LN PRI ZLHEH S [A] () L X 1)
PA PABEAE N BRAE AR AL, 7T 00T 22 e AR = 4 3k 29
Fh, ZRARE YR TIREE 17 Lk D,
FREPIL 124 (K2, BER I A 40 F (K
®3).

=)

267




E¥d "S00>d>100 ‘FEWHEF «

“100>d FTWEHF wx " H

) ) ) . ) - opisojoe[ed Hang4 (W2
umop  pIT pEI- LT°0 €0+AY19 €O+ALY'S (1K1998-0r.. 0)-O-€-U3o1N{) i oMS-o-m- pam L1
JuoArgAxoyjoweRIud- ol B SEE
umop 61T 60°T- ¥1°0 €0+aA¥T9 CO+ALY'Y 9-6$-¥L1C b q% S-mé% H- L7 - %@mm.wm E—_— 97
T Vo %3
..... UIXIIAOS W YA
umop 0T 97— 120 €O+aYT9 YO+ALY' T $-68-€568€ %aSAEW-U.. o-nwoma,« g wﬂ.w?wwww M% u S1
..... APISOIATS QUOARAXOJOWIP- g (3 (B e
s UMOD  ¢pT  TSE- 100> €0+d19°S YO+AEH9 — *P! g m%ea%a- %m P T h - wmmw. Wcmmw e 1
h 3 =7 - bz I
..... ) y ) } (urwsor(q)
umop €0’ SI'T- 610 €0+40t°C PO+ALO'T =LT-0TS OPISOUTII-()-/-UHOWSOI(] ¥ g €l
* umop 7yl 8§°¢- €00 €0-+H86°L Y0+d2S°6 ¥-65-9210¢ #9PISOON[3-O- £ -UNSWSOI(] « BB EE-OL ¥ Vlg 4!
* umop 7yl SeE- €00 €0+d79'8 Y0+d8L'8 — xdPISOjor[eS-O- L -UnousoI(] « HENEE O L ¥ I
umop 70T 9¢'1- LT0 YO+IET'T YO+d16°C 9-16-0S68€ UIXYIA[AS0ON[D-O- ayle L E(¥wr 01
: opIsoon|3-¢-
o umop T ogge 0 PO+AEE'T SO+HAIT'T — sémewg m%w/ﬁ-u-o * EHEL-OCWETHLI 6
umop 0’1 LL'T- TT0 Y0+d9t°C 0+HLE'S — OPISO[AX-(- T-UIXIA HEY -0 T E ¥ 3
. ) . ) - x9P1S0IN[3-O- * Wm*ﬁ e
* umop  ¢7'l §SC- £0°0 €0+Hd66°C YO+d9L'1 L -QUOABRPAXOY)oUWIP-AXOIPAYI( -O-L- MEESE h— T L
. " : : e oprsoon|Sip- - Ol M
xx  UMOD  Op'T  8¥T 10°0> YO+ATLT YO+AES6 9-15-85L9 O L“6-UNOUWIEYOS] HaEL—-0L W K 9
* umop 4’1 0T0I- 200 00+900°6 Y0+4S0°1 0-0L-98¥1 unedINDbIAYPRIN-O-¢ XM F h -O¢€ S
. . . . x9pIsoon(3 * HEKE
umop ¢ 1T L61- 120 Y0+d98°1 YO+d8T L (1KSO1A%-.. 7)-0y-g-uruoSidy & (FHY 008 L¥Y 14
QUOIP-() [ ‘G-AUdRIJUR[AY)OUI- —-01‘6-
. wep sTI OP R0 soEiTr sodesT AR O
..... ururdejuerdowo E=N Lzl
* umop 7¢'l  80°€- 10°0 YO+ALT'T Y0+906°'6 1-78-089L1 %mma.:_m-o- m.s_émwi ‘g ﬁm H ow T 14
) ) ) ) ) o ap1soon[3-O- .- HaE RO
ok umop 7yl $9f- 10°0> €0+d7TT YO+abS’S SUOD[EYOAXOIPAYEIUAG-. " b*. 2 E Wi T O T I
FET odAL  JIA  DB0] oneAd K TZW AW ¥ . THw— SVO punoduwo) iz L

J3QN) J00. 333 PAI Ul SIAI[OQEIIW SPIOUOARY PIJR[NSAI-uMo(] | dqeL

Y e E B ¥ ET7 | ¥

268




269

dn €11 971 ¥T0 £0+d89°9 YO+d6L°C 8-6€-TPSLT  (UIXLIBUIR]) SPISOON|S-O-¢-UNSXLIBWE], e 3y 71
dn  oz1 IST1 910 SO+ATE'T 0+d21'8 — op1s0on[3-Q-, H-[o1eydwoesy Balz e -O-p W 1
. } } ) . e ap1soan[3-O-. Hal -0
" dn pp1 001 €0°0 PO+AIT'T 00+300°6 9-L6-€6€111 SDISOUNII-()-§-URSUUIEHIOS] HHEE O YL 01
dn  ¢o1 11§ LEO 90+d29°C YO+HLS L — SUOARPAXOYIOW-G-AXOIPAYRIRL-§L9  WIEFE i -G~ FFH = -8°L9 6
) : ) ) . o SUOABPAXOUISA-, w e _
o901 0TS LEO 90+4¥L'T PO+AEY L prIL-l6b c-AXOIPAYLLL - 4*°C [OLIO0SKIY) FHEEEY 8
: . . . . QUOUBWIOIYO-f-[ouapI[Aypou WY BET Y[ FAT
dn -
* 8TT  LL'1 10°0 SO+ALYL S0+A61°T (IAPUAd-€)- | ]-¢-AXOUOIN-L (23 -O- 116 % th L L
. o ) o . opIS0oN[8-()-L-opIs0oE[es Halz e -OL- Has£ (F
Q _ e T +c &7
n o ¢¢1 e 61°0 S0+H00°€ €0+d20°C (1ASOONIF-0-.)-O-C-UIAUUILYIOS] L (8 -OwD)-O-€- £ 58 4 9
dn /¢1 €1T 80°0 S0+H00°€ YO+H0L'T 6-v€-SL8LT OpISOIN[D-O-¢-UNRUUIRIY Fa#lz 4 -0 EHY S
) ) : : . o «(duoaegAxOyOW w
dn /71 6¢€ 170 SO0+H00°€ Y0+d98°C €-v€-0TS - p-AXOIPAYLL - £/ °C) UnoWSOI Wl ¥
e Juo0-g-uayuex {AX0[[A-Z-uexo R {0 [F YW
o dn 1y 60T 100> SO+AY0°€ YO+H8Y L — (IAOWAXOIPAY)-9-Ax0IPAY-G Y e~ (F kT )-9- FH£= SP'e-(59 ¢
(89UG AP SCUA) |} -p-AXOIPAYLN-L ¢ T UGUPSCUD) |} b~ F £ = -L°E]
dn /71 90°¢ 0Z°0 SO+AP0°E Y0+d99°¢ €-90-1L90%1 «d uroyneun w E2WHE 4
QUO-() [-Ud -G‘y]ojoxo R -01-[9-Sy] FE—
dnfz1 o90¢  0T0 SO+a10°€ 70+899°€ — * g?ﬂ-m%wmmwwgwwﬁnw i *_%mma%wmwm %Mwmm I
FET odAL JIA DABol onead F¥HTlELYW ¥BT . THE—., SV punodwo) Y ig L

J3qN} 3004 }33q P JO WSI[0qe)dW SprouoAey pajendaidn g djqey,

Y e E BT ¥ T7 C ¥




«(ouo

(R EE

w . o . . . - -
Isul (60 SI'T SE0 PO+ESET ¥0+420°9 €5 18Y pAxouOWEIOd-g L 0'c" ) UIPIOBUEL b T -8°L°0°C*.}) e 61
gl (g —td -,
Sisur  88°0  TI'E 1€°0 SO+ASL'T F0+d10°C — oprsoon3(jAuofew- . 9)-O-¢-opLoyduwsey #w\*w w.ﬁ w@% & ~9) 81
O-¢- ¥ m
) ) ) ) . Haplz e (W2 -.9)
Sisut - + + — opisoon|3(£100€- ,9)-O-L-[01100SA1 wHE et
sur /80  9¥°0 020 €0+ALS'S €0+d89°L prsoon3(] 9)-O-L-[01 o) Ol $EETE L1
) ) ) ) . L »(urodAH) (HW7T)
Sisur  p0'1 SPO- 19°0 YO+AEST YO+ALL'S 0-9¢-78% SPISOIE[ES-O-§-UN301n0) E O -OC E W 91
. . . . . auoAegAxOyjoWIp- B EFE b
Sisur _ . Z
Isur 870 STO €80 Y0+469°S YO+ASL9 ¢4 -KXOIPATI- 4. L FH— g Sl
) ) ) ) . o (urpradsap) (E%3g)
sisur 160 10T ¥€0 PO+H9¢'1 Y0+H94°S €-97-02S SPISOUNNI-(--unosadsa] EWE Ol LW i
. . . . . Faglz (e
Sisur _ _ 9p1S0oN[3-C UI[0AINJAXOIPAH- * e
suL 60 850 L¥0 YO+ASH'T Y0+HS9°€ #9PIS0ON[3-G UI[OAN[AXOIPAH-9 iy S €l
' ' : : . 3 E@ /W‘\ww E—
M S - |\A - =
* U Zel 780 100 SO+AST'I Y0+dTS9 SUOUBWOIYI-p-AXOyIoWI-L 9 - b 1 1
Sisut 190 600 ¥6°0 SO+HLY'T SO+ALS'T 0-96-€LLY <ULIRJISURIN « HFY 11
Sisut pL0 P01 6€°0 PO+AES'T YO+ALL'E 9-L0-06291 #9P1S00N[3-O-/ -Jo1oydwaey « HElEL -O-L- T 01
Sisut pL0 Y01 6€°0 PO+AES YO+ALL'E v-18-LT9€T  +(UI[OJLI]) SPISOROR[ES-O-¢-[o1aydwoey] A v, 6
o o . HE#E+ SO € G
Sisut pL0 0 YOI 6€°0 PO+HES’T YO+ALL'E T-00-6L598 #dUOWBYLIR) « T W 8
) ) ) ) ) e (urprdsayosN) (E¥3ie)
Siswr z80  I8'I- LEO YO+ALY Y0+A81°S €-€e-1vTel opIsopuadsoyoa--(-unIdSOH] 8N B O L- £ Wk L
. . . . L prouoAegAxoIpaud]Aypow EEEFE T AT
i _ o XK
o ISUl 9¢] LSO 100> 90+479'8 LO+AST1 - b E-AXOqIOWIENO)- ¢/ ‘O B 9
Sisur €71 6L0- 110 PO+AVE ] YO+A1€T 0-91-08% ULIOA *92¥ S
. . . . . PIoUoABPAXOIPIUSAYIOW- 1 EFE— AT
Sisur 680 TTO 720 SO+API'S SO+AEY Y — ¢ c-AXOIPAY-G-KXO|ZUOG- e FEL L 4
) . ) ) o PIOUOARPAXOIPIUS[AYOLU- W EE— h T
Sisur — =
IsuL 600 200 68°0 LO+H99°1 LO+EYY'1 b e-AXOOWILI -, ¢*/°C N T L €
Sisur  §T0 PO~ $9°0 YO+ATH'S Y0+H6€°9 — Joyye [Aypewy- ¢/ “g-unaotk N W= L Ew T
Sisur - 0p'0  €I'1- 90 YO+H0T'1 Y0+9€9°C — +OPISOXAT-O-¢-ULION w BEEF O EPFE O
FEET odAL  JIA DGO oneAd F¥WTE (AW ., ¥ BE—., SVD punodwo) gk Ly

SJ3QN) 333 PIJ UI SAI[OEIIW PIOUOAR UI SIIUIIYJIP JUBIYIUSIS OU 1M 1Y, € d[qeL

G Y R e HE ZZ T chilfg 3 fET7 € 2

270




MK EBBHT

Modern Food Science and Technology

2024, Vol.40, No.4

2.4.1 R et s R AR T & RIAE KM W
SHF

R EAT A IR AL =% @, p- AR
WEARR. FE2ERENEYEA) SR ED
Y, ATH T RITIE, PrEsiE s, X2 R
BB IGR N S eAE s KEAAET KEZH
AR R BRI R, pisha
HES AR A 2 A S RER S, a2 3,4,2°,47,6-
FFR I A HEH -4-0- F A pE T ARt *. —
SALHUR  3,4,2° 4°,6°- FLERFA FLH -4°-O- i %)%
HEHREES TR ML (og,FC:-4.64E+00),

242 R SuAt st R Ak RS S AT

SEREER - [ 520]
6,7,8- =32 5-5- A B HW - [ 5.11]
FITAFE* 1339
SRR 23> - | — ¥

P22 R-7-O-BT I B+ - 1 0.83

7O (BT D | . 083

BIHAIAR Il 0.66

TGRSR 40 A §0.22
REREH-7-O- A ORBEH) - D022

AT, S A S -02
S XBIET-O6"- L MR - -0.46
5675 -VUFRAEUEES 4-3l) B AU - -0.57 1l
6-FESEAN R RS R B -0.58 1l
57,5 -3 4 -0 AL -1.09
T2 - T-O- M R BB A B -1.10
5-HE-6,7,8,3,4°- T A L B - -1.26 I
B A R-7-0- L JEH*- -1.36 N
FEHR-6-C-(2 ARSI BT R - -1.54 I
6- A 1L 2% 5)-3-O- I £ 7+ - -1.77
FHIE2-O-AR - -1.84
CREC RS- OREE - 197
NI 2(5,6,7,83 4 - RN - —2.03
S-S WS R - 2,15 [
EER@®,5.6,78-HFAENEF) - -2.15 [

34,55, 7-HR A SR - 218 [T
L FR-27-0- AR - —2.55 ]
A9 224 4 p 306 ]
FEHE-8-C-2 AR AR+ 3.08 ]
FIHAR-T-O-H LR+
FrRE-6-CHIENEH etz
FHoAH EE ) )
-4 -2 0 2 4

log,FC
5 HERERKFMETLE

Fig.5 Bar chart of flavonoid differential metabolites

i ARG R E RS M6 log,FC, BP £ 3K
FAheh £ AR, Ch 2T, KRBT, mydh KA
TERREMEE, £F, 8 ERERBHGENR, WE
EMRERMI R, FJa, RENKRERBIIRIFRE,

HT B 5 R, R 2L R Al A 31 B
J Gy, 3K 31 MEEE R KA > N R R
LR AR PR R MR,

JIBRRE 3 SCRRIE 2 3 BT A 3 S R (AT
Yo RUR RS 2SO TR . — SR e T
BT IAR I K BAIH 4 50, PR
e NUEEE S NUPSES /N IS NPT YA
— 2L R B A G 54 T S
AT & BRI RS I s L) b, Rt
HFILAA TS Pig PURSEEED, i
H— i £ B 5 T D800 TR AT, TR
U, DNV A T U R T A
A, AR HIR T B i
7 BT, T T RS A S A T
RSEYAR P P AR BT R . SERAE T 3R
oo MR ZHGOBI, FEARL BOF R EH KR
FEEE, HRENGURE. FURuE s, e
SR T DI 725 R T AT AL 88 04 2422248
N, ARG G FEARIM, APAET HHAKR
TR —HIE R IETE R (ROS) MIHA A
I ELS UL IR B ST E A — R RS, At
FAAYS. UM, PULCERR, AR
BERRE ™.

LR TR B R R
A28, KAk 6 FATETRE S, 2 MOARERE. 5
I BRE R PRI BN, FA
. mEAE D W2 4 B AT A
ORI B Rt — B3 LR, HR R
BRI R B A B A R— kR
Y, TR AR PER K DD B A A S
R, T L8R B 47 4 i T T AR T
—aL.

243 TRl oA A RRAR T SR R IARA
oAt

P 6 TT 61, P21 SE A op 4 A S 2R
AT 108, 3K 10 A AR A KAy R
BT T AR AR 7R
IS RIONTEY. AR A WA
F BL IR BRI E 1, B 7 A R L ) A
HHURGIE . PO SRR ThE™ . AR
PR F 5 AT R — 20 R B
iR LT 3 A DL b, T — R IR T
REGHEZ TR PR

271




MR B

Modern Food Science and Technology

2024, Vol.40, No.4

9,11- - F4(3&-2h-1,3]

—4E[4,5-b)-10- B R+ [ 3.06
6,7-— A Sh-4- A o JE i | B o
SRR Jox
PR | 0.09
12,57 8-Tigedk-3-mkmot0-—m 041
Wpez-3-0- L3 - [ -o.66
1,2,4,5,8- T ¥8k-6- 14 10-9,10- 1 - ] -1.10

S0 1 2 3
log,FC
6 Hftt X EAEYRHE

Fig.6 Bar chart of other flavonoid metabolites

A MAATA log,FC, #2 2 F Rl F Mty 2712402
VA2 A RIS HME, AT AT E R R, ek
TR EH e, BERRRBHY SRS, REN
KA 0945 RE AL T,
244 TRl A LB R AR B RERER KA 0T

PR 20 S AR 23 RS EE R 4y, X 23
TR S RN R ER . BiER. LK. i
FHER. RER. RRER. ARHEER. ITBER. &
BN R OATAE Y (8 B TR S 22 5 1 Bk R B
(OB 7, 72 R A8 8 K 2 P A R A R 3R A0 SR B
FEREEH. BRPERL MRAIEE, RAZ
(2 B RE TR B 2 AL, I AL R AR IR
A B S5 R S [ T B AN ) B AR 2 Y,
FEHUIRAE PO ) AR 0 R B AR A0 N I
BRETL GHAERYE, E—Mahr R R4
R -3-0- ZEMEH -4-0- M H S EMETRY
e K2yt 10 f5 DL B, Bt mr eI — 20 7E B
TR TT AR A ROR A o F T R IR B 2R T LA
TRER E B2 HRAT 0] AL PR R A L, B
R R b i g S 2 TR AR WA i e R
BN WA 10 5 BAE, AT L R B AL
£ FIR DI REFIBCR P — WL R R . 25
eI AT B

Wit e 3 B s A AN RIS 1, X R T
PPN S AR Y Wk R DL B A
AL RBAEAE, METK, BATZH24 8

272

W, AEESTEA. PURAE. PSR U
TR GR35 PR by b vy 00 H 796 o £ S AR
FEANE . PUR . P Hudm AT 8555 75 1 v e
A BEDRL

S RAR-3-0-2 AN

H-4-0- M AT [
P H3-0-27-0-ME ) | [ 322
P FURE-7-O- I &I R
IR %-3-0-(6"-H —Bh) W AT R TF - [ 312
M2 H-3-O- MBI R - []213
IR AT | [[J1.51
R | W26
B RAR-3-OME Jos3
T % -3-0-Z5 R | Josi
iRz 3-3-0-PERRIE LY | | 0.42
Wit R 2-3-0- S B/WHGET) | |
W E-7-O- MBI BT - |
PR3O AN H (B> - -04 |
1t Be 2R -3-O- R EIHEH RAt B H)* |- -0.6 ||
Ft R R-T-O- MR (1) - -0.7
ROFE - -0.78 i
REFE-3-O-FIRAREF™ | -0.96 i
L1 - 7-O- I BT R+ -1.04 |l
U1 ZEM)-3-O-FFUIE LR (SR S #)* - -1.04 i
Wit 2 3-0467-0-Z Byl FUplier* - -1.00 i
Wi %-3,7,3-= Ik -1.13 i
FOR-3-0-RIPEH* - -1.34
SREAEFR-3,7-0- IR -2.48
3-0-HEMREK o9 . 1 1

log,FC
B 7 HEEERE R ETE
Fig.7 Bar chart of flavonol differential metabolites
7E: log,FC & —/N464F, '€ AT RRRBHHZ 1089 £ 7
124, A 289 BMA R —ANIEES, M log,FC 89447 A ]
SRR R TR B AR A 6 4 b

245 TE S E AR T Z A5 B AAR B
#E AT

PR P L SR P R I S 0 A R R B T R
BRI, YRS R R . B R A MAHTA
FOK R — P RIR &, HrE . Bk,
PUBEIRW « PRI Z (s S e e se ™.

TEPFPLLECE R, RS A — PR i 7y
N 6-0-4-D- i E BEELIF A 5, — i 212025 o R
182 1 21 S 6 T ) 22 A5 280N (log,FC:2.35E-01)
fEm e oy, B dust mEEY. b
K How P E R




MR B @B

Modern Food Science and Technology

2024, Vol.40, No.4

4-0-Methyla pigenin

Apigenin

Isovite xin

Vitexin

Luteoloside

Kaempferide
o

Kaem pferin

O Kaem pferol 3-O-rhamnoside-7-O-glucoside
Kaempferol

Apiin

o 23.1.115 O Apigenin 7-0-[f-D- K

apiosyl-(1->2)-(6-malonyl-

ophoraf]

3-0-p-D-sophorotrioside

Kaempferol
3-0-[6-(4-coumaroyl)-
beta-D-glucosyl-(1->2)-
beta-D-glucosyl-(1->2)]-
beta-D-glucoside

O Nictoflorin

O Kaempferol 3-O-beta-
D-glucosylgalac toside

B-D-Glc)]
O Rhoifolin
o Isovite xin 2”-0-
beta-D-glucoside
o Vitexin 27-0-
beta-D-glucoside
Isoswertisin

2”-rhamnoside

Vitexin2”-0- Querce tin

beta-L-rhamnoside

O Scolymoside

2.4.1.191] 5
O [e)

Luteolin

3’-0-Methylluteolin

p-Coumaroyl
shikimic acid

Caffeoyl &
shikimic acid

Caffeoyl-CoA

[

Feruloyl-CoA

2.4.1.190]

Luteolin
7-0-fD-GleA  GleA-(1->2)-5-D-GleA]

32.131
Luteolin 7-0-[4-D- Luteolin 7-O-[4-D-GlcA-(1->2)-

--D-GlcA]-4’-0-4-D-GlcA

& 8 HERF BBz LY & BUIEE

Quercitrin

Querce tin 3-O-srilfate

Querce t

Fig.8 Biosynthetic pathways of flavonoids and flavonols

E: S EREARHY S ET LA, BERRRHNETARAL AN, RERAKRHNEZTIA.

Pinoce mbrin chalcone Pinocembrin

Rutin

o

O Querce tin
3-0-(6-0-malonyl-4-D-Glc)

O Querce tin 3-0-
[beta-D-xylosyl-(1->2)-beta-D-glucoside]

O Querce tin
3-(2G-xylosylrutinoside)

Querce tin

p) ioside

© Querce tin

3-O-rhamnoside-7-O-glucoside

in 3,3’-disulfate
O Querce tin
3,3°,7-trisulfate
o Querce tin
3,4, 7-trisulfate

Pinobanksin

6-0-glucoside
8-C-Glucosylnaringenin Vitexin

O Brac tea tin
6-O-glucoside

2°,3,4,4,6"-Peptahydroxy
“chalcone 4’-O-glucoside

1.14.11. O Pi in 3-acetate
Pinostrobin O
— Liquiritigenin
15.5.1.6f O —{1.14.11. O 5-Deoxyle
Isoliquiritigenin :
- m{Tsof] id biosynthesi
7.4’-Dihydw><yﬂav0nc
Butein 5.5.1.6 - L14.11. - - 0O5-Deoxyle
Dihydro- Butin Prunin Dihydrofisetin
4-coumar Phloretis Phlorizin I24.1.185 O Naringin
) Hesperetin
Desmethyl- 4-0-Methyl- Hesperetin 7-O-glucoside
xanthohumol Xanthohumol xanthohumol o O—{ 2:4.1236}» @ Neohesperidin
O O O
2.1.1338] 211339 TN o )
Naringe nin chalcone  —— |:| Naringe nin — Dihydrokae mpferol [1'17570] L
5.5.1.6 A 114119 o}
oyl-CoA . Pelargonidin
Naringe nin chalcone O Sakuranctin
4-0-glucoside .
o Aure usidin 1.1.1234}~O Apifornol . & (+-Atzclcchin

1.14.11.¢
2’,3,4,4,6’-Pentahydroxychalcone

0
Luteolin

O Luteoforol

L
4,2°,4°,6'Tetrahydroxy- Homoeriodictyol
3'me thoxychalcone

Dihydroquercetin|

Flavone and flavonol

D Quercetin
Leycocyanidin_Cyanidin
—= 01

(-)-Epicatechin
o

114119
Dihydrotricetin

B 9 Hftt X BN SMIEE

Dihydromyricetin

o
(+)-Gallocate h hin

Fig.9 Other flavonoid biosynthetic pathways

273




MR B

Modern Food Science and Technology

2024, Vol.40, No.4

2.5 =7#RHMKEGG pathway 45 A b 3F &
FEAER B 4 A

BT B SR 0T 3 B A T L B I A
At 2 BT G AR UE B o g — AR D A
CLAN 7 AR A S 2P SR IE R (8.9,
WA 1og,FC 22 5 A5 H5 N 13 B S AR 7= M) SR Y ek 1L
RN R R 2K -3-0- ZEFHFMEH -4°-0- & T
250 -4°-O- A HEH . 6,7,8- =J2 4 -5- IS H
Wi e EFRiEa. 7- FAESE -3-[1-(3- Aibngdk ) T H
B4 “HOFEMH. RRFEER -3-0-27-0- i & i
) ERLBEE -7-O- WA E . RAR -3-0- WA
HHN— M (RS MRHEER Y. 52 —
FodE -7,8- T HVSECEE SR A A A F. M K -3-0-
(67-0- LT ) FABEE . HH AT, FHAZE -7-0-
MEPET ¥ HHARR -7-0- P *. 6- HAE
251y -3-O- A HEFE =, MKW AP, 4
F-27-0- RBEE . FALHRTUED B (200
(FIRFAE AR B4 -

3 g

PR P S BRI 2R B R A 69 A,
Sy RN . SRR . AURER . EOEE . R ESRA
FoA 2R 5 W /S Bl 2 1Y, HG v B R SR AR ) 31 F
i 44.93% 5 SHERAEERACHYIA 23 B 4 33.33%
FoAh DU AL 30 5 E s 2.90% 2.90%- 1.45% Al
14.45%. 22 AW 29 B, 7E— 4L CZLEESE)
PRt 2#ERREDSES THRS B (A
) B, 17 Mz R AR & EAR TR D B4l
SHUAR . AR A log,FC 1 5E 22 7 5 B8R 1
Mg FERTAREEEHE, AR, ZHEE
Bl R, 2 FAEREEEE . MR, L. A
AR MERSERSATEY . — M (A5
) PURBARE W (ZLFE3E) PSS i 28 A =
VIR & B B ROy a2 2 AR R R AT A =
EATH. RRERS. RPAKR—MaOREHE
AR AU = MDA & BRI B . &R R R
AR, FEMEEORSE. PERE KEGG B L
AU 7 Pe 78 0 0 A0 S B AR DA s AR
by 4300 3-0- HEEM R 2 (3-O-Methylquercetin)
A B H & (Luteoloside). 3°-O- F & K B ¥ %
(3’-O-Methylluteolin), 7 ] (Rutin). 57 #t & #
(Isoquercitrin) S 4EHf] 2 (Isovitexin).  — I K
(Trifolin). H B [ P X ZLHTSE 1 28 B SR AC U

274

W Fe b EIREHSCBUAR F K S s B 2L & M 4K
USRS h &R YRR, (HRE B BARRIBT TR
WX L) J5 A 75 B S AT R A 2L B = — iz F BN
TR R B A TR R b, RN X AT 2 5
B FE AR At 1 — B 7 1A

L TR DL 2 Rl ER SR A RAT I B 22
SIS, U R A it

T

[1] ALEXANDRINO D, ALMEIDA D, ARAUJO R, et al.
Different parts from the whole red beet (Beta vulgaris L.)
valorization with stimulatory effects on probiotic lactobacilli
and protection against gastrointestinal conditions [J]. Food
Bioscience, 2023, 52(52): 102439.

[2] OH N, PARK E, SON I, et al. Light spectrum effects on
the ions, and primary and secondary metabolites of red
beets (Beta vulgaris L.) [J]. Agronomy, 2022, 12(7): 1699.

[3] CLIFFORD T, HOWATSON G, DANIEL J, et al. The
potential benefits of red beetroot supplementation in health
and disease [J]. Nutrients, 2015, 7(4): 2801-2822.

[4] FERNANDO G, JOSEFA E , FRANCISCO G. Biological
activities of plant pigments betalains [J]. Critical Reviews
in Food Science and Nutrition, 2016, 56(6): 937-945.

[5] CHOJ, BING S, AREUM K, et al. Beetroot (Beta vulgaris)
rescues mice from y-ray irradiation by accelerating
hematopoiesis andcurtailing immunosuppression [J].
Pharmaceutical Biology, 2017, 55(1): 306-316.

[6] BABARYKIN D, SMIRNOVA G, PUNDINSH I, et al.
Red Beet (Beta vulgaris) impact on human health [J].
Journal of Biosciences and Medicines, 2019, 7(3): 61-79.

[7] CHEN H, XIE S, GAO J, et al. Flavonoid baicalein
suppresses oral biofilms and protects enamel hardness to
combat dental caries [J]. International Journal of Molecular
Sciences, 2022, 23(18): 10593-10593.

[8] ROSANA S, MANUELE J, FURLANETO M, et al. In
vitro antifungal activity of the flavonoid baicalein against
Candida species [J]. Journal of Medical Microbiology,
2012, 61(12): 407-420.

[91 ZHANG C, LIU Y, LIU X, et al. Comprehensive review
of recent advances in chiral A-Ring flavonoid containing
compounds: Structure, bioactivities, and synthesis [J].
Molecules, 2023, 28(1): 365.

[10] ALSHARAIRI A. Scutellaria baicalensis and their natural
flavone compounds as potential medicinal drugs for the
treatment of Nicotine-induced Non-small-cell lung cancer
and asthma [J]. International Journal of Environmental
Research and Public Health, 2021, 18(10): 5243.




MR B R

Modern Food Science and Technology

2024, Vol.40, No.4

[11]

[12]

[13]

[14]

[19]

(20]

(21]

(24]

[25]

[26]

[27]

[28]

MOHAMMADINEJAD R, SHAVANDI A, DIANA S,
et al. Plant molecular farming: production of metallic
nanoparticles and therapeutic proteins using green
factories [J]. Green Chemistry, 2019, 21(8): 1845-1865.
ALESEY D, PAULA G, RUTE N, et al. Engineering
of microbial cell factories for the production of plant
polyphenols with health-beneficial properties [J]. Current
Pharmaceutical Design, 2018, 24(19): 2208-2225.

2SR B 4K 2 B 5 SRR BN pT A S P 7S (D).
M AR AR AEE,2014.

BT 58, A A, A B AR 3 A A W b R SEACI 4 B
AR 1T ] 8 i B 52,2022,43(10):142-149.

Yok 36 iR, 25 L1050 4 3 A A 2 S 5 B O SR o ik A A
Wi 22 5 (0] MOl BH42,2022,58(4):82-94.

X TS B S SSR7F TR BT R B K 22 AR 7= 4
53 HT [D].MG /R AR bRl K 22,2020,

A I AN [ 4 € TR W B S AR A (O AR E VY
S [D]. 28 22 AR ALK 57,2022,

PRI, 2 e R, A R T2 B T A AL 2 B AN RS
AL b 28 B B2y 22 5 0 W7 (D] M AE 44,2021,
33(6):482-492.

kI RAE 2 TS RO R A AR AT T (0] Bk
TR 54 (E 28R 1R),2023,39(2):54-61.

R E R A AL = L S R O LR R
RS 7030 R [ 0] 3R Bk v 55 24,2022,15(11):2250-2256.
ENGR, A T, 7 A R R A S R U B S
PEWFIT[I]. B2 S A LK, 2022,40(5):20-24.
JOVANOVIC M, ZHUKOVSKY D, PODOLSKI A, et al.
Novel electrophilic amides amenable by the UGI reaction
perturb thioredoxin system via thioredoxin reductase 1
(TrxR1) Inhibition: identification of DVD-445 as a new
lead compound for anticancer therapy [J]. Eur J Med
Chem, 2019, C(181): 1.
NIy LS IR B o- AT AW it &
Js DR SR R KO R T AR AR 1 B U
W FE[D]. 5 & AT B i EE LK 4,2022.

ZHAI J, SUN B, SANG F. Progress of isolation, chemical
synthesis and biological activities of natural chalcones
bearing 2-hydroxy-3-methyl-3-butenyl group [J]. Frontiers in
Chemistry, 2022, 10(10): 2296-2646.

XU R SR AR, £ RN, 55 8 L MM R WG B L 2T
FE[1]. 249484k 12,2022,51(11):2610-2613.

KR AT, 25 5 5, L A M A Bz 2 RSB B 4R R )
TR Lt LA AR A 1 R EE AR F (0] 8 i Tk RHE,2023,
44(15):143-150.

WRE8 . 2 F A SR T Ao 1 R T et e (0]
[ 245 #2218 ,2017,33(11):1493-1495.

b X0, R, A AW O 2 SRR T 7 1k JE (] o
[ fr 2 5,2019,19(11):1-13.

[29]

[30]

(31]

(32]

[33]

[38]

[39]

[40]

[41]

[42]

JESUS V, MARYSOL A, SALAZAR A. Antimicrobial
and antibiofilm activity against streptococcus mutans of
individualand mixtures of the main polyphenolic compounds
found in chilean propolis [J]. BioMed Research
International, 2019, 2019(2019): 7.

GUOY, LIU Y, ZHANG Z, et al. The antibacterial activity
and mechanism of action of luteolin against trueperella
pyogenes [J]. Infection and Drug Resistance, 2020,
13(default): 1697-1711.

NADEEM I, ABOYTALEB S, YOUNIS S, et al. Diosmin
mitigates Gentamicin-Induced Nephrotoxicity in rats:
Insights on miR-21 and-155 expression, Nrf2/HO-1 and
p38-MAPK/NF-«B pathways [J]. Toxics, 2023, 11(1): 48.
IR, f B, B, 56,7~ FR A 25 -4 MR PR 1 P R 47 2
FEBUIRAT AP0 B RS AR ST R i PR E T (0] A 2
#,2012,70(5):674-678.

BIANCHI S, PEGUES M, DIAS C, et al. Achyrocline
satureioides compounds, achyrobichalcone and 3-O-
methylquercetin, induce mitochondrial dysfunction and
apoptosis in human breast cancer cell lines [J]. [ubmb Life,
2020, 72(10): 2133-2145.

A ZE SR R R IR 3-O- FHE A e 3 B & (7] A BL
1£%2,2004,12:1619-1621,1485.

DONEDA E, BIANCHI S, PITTOL V, et al. 3-O-Methylquercetin
from Achyrocline Satureioides-cytotoxic activity against A375-
derived human melanoma cell lines and its incorporation
into Cyclodextrins-hydrogels for topical administration [J].
Drug Delivery and Translational Research, 2021, 11(5):
2151-2168.

3, 15 A S5 RIS T KR T 1[04k
2FIE,2021,84(12):1338-1344.

EAEH,E/NR, S WIAR, &5 T AR T FRAL R 7
TP AE T [0]. A LA T 24°%,2022,39(14):1895-
1900.

ki 2 FTRE A Ak SRS 10 e Al B HF IR 0 57 32 2l
PEWFTE[I].53 T HLA & 71,2022,20(14):4813-4819.
MATSUDA H, LI'Y, YOSHIKAWA M. Roles of Capsaicin-
sensitive sensory nerves, endogenous nitric oxide, sulthydryls,
and prostaglandins in gastroprotection by momordin Ic, an
oleanolic acid oligoglycoside, on ethanol-induced gastric
mucosal lesions in rats [J]. Life Sciences, 1999, 65(2): 27-
32.

WU J, LEI H, ZHANG J, et al. Momordin Ic,a new
natural SENPI inhibitor, inhibits prostate cancer cell
proliferation [J]. Oncotarget, 2016, 7(37): 58995-59005.
P26 22 o 0 . — S B 3 2 0T 1k AR I ATL A1) B B g

ZHANG Y, YIN H, ZHANG Y, et al. Cocrystals of
kaempferol quercetin and myricetin with 4,4’-bipyridine:crystal

275




MR B

Modern Food Science and Technology

2024, Vol.40, No.4

[43]

[44]

[46]

276

structures analyses of inter molecular interactions and
antibacterial properties [J]. Journal of Molecular Structure,
2017, 1130: 199-207.

ZAHRA M, GHODSIEH B, JANNY P. Quercetin as a
precursor for the synthesis of novel nanoscale Cu (II) complex
as a catalyst for alcohol oxidation with high antibacterial
activity [J]. Bioinorganic Chemistry and Applications,
2021,2021(2021): 9.

SONG X, TAN LU, WANG M, et al. Myricetin: a review
of the most recent research [J]. Biomedicine & Amp;
Pharmacotherapy, 2021, 134: 555-563.

TENG J, LI J, ZHAO Y, et al. Hesperetin, a dietary
flavonoid, inhibits ages-induced oxidative stress and
inflammation in raw264.7 cells [J]. Journal of Functional
Foods, 2021, 81(81): 1756-4646.

ZHENG X, WANG H, LIUY, et al. Synthesis, characterization

and anticancer effects of trifluoromethylated aurone

[48]

[49]

derivatives [J]. Journal of Heterocyclic Chemistry, 2015,
52(1): 296-301.

POPOVA A, FRASINYUK M, BONDARENKP S, et al.
Efficient synthesis of aurone mannich bases and evaluation
of their antineoplastic activity in PC-3 prostate cancer
cells [J]. Chemical Papers, 2018, 72(10): 2443-2456.
ANDRE C, CARRASCO P, MATHEW N, et al. Azaaurones
as potent antimycobacterial agents active against mdr-and xdr-
tb [J]. Chem Med Chem, 2019, 14(16): 1537-1546.
WANNG Z, BAE E, HAN Y. Synthesis and anti-inflammatory
activities of novel dihydropyranoaurone derivatives [J].
Archives of Pharmacal Research, 2017, 40(6): 695-703.
ANAND S, DEVANSHI J, ABHAY S, et al. Synthesis and
biological evaluation of substituted flavones and aurones
as potential anti-influenza agents [J]. Bioorganic &Amp;
Medicinal Chemistry, 2020, 28(1): 896-968.






