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Study on the inhibitory activities of Myrica rubra Sieb.et Zucc. fruit on
reactive carbonyl compounds
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ABSTRACT: Objective To isolate and purify the extract of Myrica rubra Sieb.et Zucc. fruit and investigate the
inhibitory activities of different elution components on methylglyoxal (MGO), glyoxal (GO) in model and cookies,
respectively. Methods The crude extract (CE) of Myrica rubra Sieb.et Zucc. fruit was prepared by ethanol
extraction, further separated and purified using AB-8 microporous adsorption resin and different concentrations of
ethanol (20%, 40%, 60%), obtaining 3 kinds of Myrica rubra Sieb.et Zucc. extraction components. The content of
anthocyanins and total flavonoids and the main chemical constituents in each eluted fraction were determined by
NaNO,-Al(NOs);-NaOH colorimetric method, pH differential method and liquid chromatography-tandem mass
spectrometry, respectively. Gas chromatography was used to investigate the inhibitory activity against MGO/GO of
each eluted fraction in model and cookies. Results The 40% ethanol eluting component (F,) had the highest yield

and activity, its main ingredients were cyanidin-3-O-glucoside (C-3-Glu) and myricetin-3-O-rhamnoside (M-3-Rha);
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quercetin-3-O-rhamnoside (Q-3-Rha) was the main component of 60% ethanol eluting component (F,). F; and F,

both had inhibitory activities on MGO and GO when the additive amount of the extract in the cookie was 0.4%.

Among them, F; had the best effects, which were 61.5% and 40.4%, respectively. Conclusion The extracts of

Mpyrica rubra Sieb.et Zucc. fruit have good ability to eliminate MGO and GO, which provide a theoretical basis for

its application as an additive to inhibit MGO and GO in food processing.

KEY WORDS: extract of Myrica rubra Sieb.et Zucc. fruit; methylglyoxal; glyoxal; gas chromatography; cookies
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AR, 36 Pk S 1k & W) (reactive carbonyl species,
RCS), &0 H 3t Z — B (methylglyoxal, MGO) . Z . B
(glyoxal, GO), 1E i i A 2 PR Ak ), R iy 3%k
FL AT BT 200~50000 751, 32 RCS AT AFE/AR P B2 by
HP i a3 R 0 AR B 3% A A I R B R 5 DNART
RNAP RN BRGS0 T 0 B i R AR R A A
He i — 2R ) W B S AL 2K 77 ) (advanced  glycation end
products, AGEs). &1 AGEs [FREE 5| K BHRIED!, O
MR, MR RT . BRI BRAES ), e
&, BN TR A SR,

K SCHRIREE, TETEBRILIE AP MGO . GO fAE T£
RO T2 & A, dndlke . #d . BEEE AL, DARBEY
KRR MR, A S S P v
RCS MFLE; [FIEF, RCS BT Bk 32 306 d Ir A RURE AR 40

Gz, e, EETURARNI GRS MGO. GO TERiE A
EASE, HRRAK LS P s SO K Farmi &, BTt
R EIh . ERE . B AR, 7E IR R iR S &
A SEPIAE N | AR SR AN e A Ak R U BT
T MGO. GO WFE R, i B pEag &0 GO & it
N 4.8~26 mg/kg, MGO &k 3.7~81.4 mg/kg!"™, T
fhLRE R 5h 10 £ Hadli, H % &+ MGO 4 H HifhF
KA 5~20 mg/d™), i A DET R AR MGO
GO 435112 213 #1216 pg/(A-d)),

A P9 AN 5T & B 1L VS R AR IR, AT LA
SOE/DE P EA N MGO M GO & L. WEL3E, 18
T 32 ALK S SR B O, o MGO (i il % 43 51 A
46.1%. 55.6%Fl 47.8%., ZHANG ZEUTIM 2641 5 Fi/h 32 Bk
R BN R B A 4, v LATEBR 35.8%~50.0%11
MGO il 23.2%~40.0%F GO. IHAh, A BT3Bt
X MGO. GO A —&AMHIENE . SAKEL, LRI
Yy BB AR TRA R Hh X MGO GO BYH R R 1t 60%,
i, SoRmEsk. 24, EFEihhamm iRy RCS 1
) 790 2 24 Wi A 2T A A

Wi (Myrica rubra Sieb.et Zuce.)|B ARG, &
HEENEAMR ., OFE. WIEYR. MREYHR. 4
AFRTFOCE S, BERMERY, e KEUEUEHIE

B EAT ZREYITETE, WHTEAL RS B 4t
e S EOR B P R R T ER L H AT g L RGE
g Ea M EERS, WREYHE-3-0-HEHETT
(cyanidin-3-O-glucoside, C-3-Glu)?> 24 7 #5222 K #if 1
L WA MGERANE MGO. GO. i TR S
557 I P B A A L 0 B P B A i, T K S5 0 JB ) A A At T
AFEREMA, TEAERN RCS WHIFIFSmMEE R, I
A1, T I — A 4 E A N S SR (GB
31622—2014 (& A E AR ME ERRINA L) ).
WA MR BAIVE I MGO/GO il 0 2 F F 2P i
R R B IE

AHSE LAt R Sy R, 43 i 4 g 2R SRR
Pi(crude extract, CE)HXf HAE#E—2E 1943 B 4lifk, B5IAR
i B4 4y, 43 3)5% ] NaNO,-Al(NO;);-NaOH b {43 . pH
N 25 1% BT AE 3 - J8 6 05 74 (liquid - chromatography-
tandem mass spectrometry, LC-MS/MS)XF 4521 431746 £4,
5 B g S A A oA, R T AR T L
R, HEIX MGO M GO IR, LI b
RN AN o e 32 g s 4% .

1 MR5ERZE

L1 #ME5ERF

Mg RS WA, A IERAT . XS e T

AB-8 K AL B4R i (K e s SR i A BR 2 W),
HSGF254 TR (M G TL AT LB BR A, ARAshbiadt
IR (P SRR BR A W), AR st T i A
FRZA D), ARATEDR i 5 B S B A PR A R, NEEE . &
TEA0% KB . ARE I (41 >98%, 2 Sigma-Aldrich
Iyl MR (IR 98%, HIgRHL T AE AL B A R A FD);
PR ZM (G . T % -3-0- WU B 7
(myricetin-3-O-rhamnoside, M-3-Rha). % &-3-0- R 2HH
F (quercetin-3-O-rhamnoside, Q-3-Rha). ZF%. HER(/HHT
aff)( i EAERAERRA TRA ).
1.2 NE5REF

1260 FAGRH G, 7820 SHAEIHL . 1290/6460
S AR DU RO X . HP-5 €435 41 (30 mx0.32 mm,
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0.25 pm)(ZE [ Agilent 23 7)); UV-6100A £ 4h-1] IL 43606 3
R CHT A R FD); UV-3000 BYERANHHA(1
FMAH AR E));, WHY-2 A EIRIR S S (i M E 5L
F il A BRA ), SHZ-I /K2 B (R AR
M A R E), RVS-HBI0 ekt kar(iEE KA 2Aw]);
YXP 101-2 R Y. BUD 302 fibkbL FiF R i it A R
25 l); kromasil100-5 Cyg (250 mmx4.6 mm, 5 pm)(Fi
Kromasil 23 #)).

1.3 LWHE

1.3.1 #H#ER 5 AR 4 4 ) &

Y. MRS LI, 70% L BOKER S5
MER AL 10: 1 (V:m)LBRA G T 50°CARHERE 3 h J5 il
U8, mEPR, GIFEK, KHT 45°CTF ekt 28 kit
F#t CE.

RSEEIY: CE 4 AB-8 KELW IR (D 4x40 cm)
Sy alifk, JeHKUER 2 f5HE 1R (bed volume, BV), FLL
1 BV/h BV AR T 20% . 40%. 60%A [RIARFR 4>
() K TR TR, WA A A Ve M i . 3 3 2 (s
PR, RIT AR KN IE T B KK BR=4:5:1 (V:V:)),
G I LLBAE R, value, R)MFIPEIAL S, Fa5 W 4H %
Y. 155] Fy Q0%VEARALSr) . Fi (40%UEHEA5) . F,
(60%E i 57
132 HHRERBYFTELEF. EEFEEZNE

K pH 78 22351272800 5 AR S i ss A (D
TR SR B h BRI & .

T8 LT A=A MW Bx g - )

e, A=[(4520-A700)pH1.0~(A550-A700)pH4.5]; MW A C-3-Glu
W4F i, B ATRRBAREG VRS RE, mL; €0 C-3-Glu
FEE ZR I G R B, 5296005 m RS TR, g0

FF NaNO,-AI(NOs)3-NaOH Ft 87PN s i e 5 ik
1.3.3 LC-MS/MS 4 a5 R R I ¥ 49 5>

F B EC ) 3 mg/mL AR SCEE U 1, 1EA T AR
50T

W ARG 5 A% kromasil100-5 Cig (250 mmx
4.6 mm, 5 pm); A: 25°C; Kl 254,280,360, 520 nm;
PR 10 pL; JRohA: A 4K 0.1%F ), B NLIE
(0.1% P HR); BEWIFLIF: 0~5 min {4 10% B, 5~28 min &k
PTFE 70% B, 1 1 min NFERE 10% B, 34445 3 min; i
#: 0.6 mL/min,

R St RIS m/z 50~1000; B IRE 300°C;
WS 1K 3500 kV; Y@L IR 200 V; SIS S psi; Ak
SE 45 psio 43 BRI E B T (M+H]O A 2 F((M-H]) P
PR AT 7 o
1.3.4 A8 &SR R BT MGO/GO #947
H| &M

(DMGO F1 GO BYFTA:4k

22 L1 %P3k ik

QYA

IEH: HP-5 (30 m=0.32 mm, 0.25 pum); ZMikt: 1:1 (V:0);
JEF3: 10 psi; BEFRIREE: 250°C; G AMAE T ILAG I FR 6L -
280°C; ¥ FHE: 0~1 min: 40°C, LA 4°C/min F} % 140°C,
85 1 min, DL 50°C/min F+ & 250°C, {15 1 min, &7
B8] 30.2 min, N, i : 25 mL/min; H, JiE: 30 mL/min; %5
A 300 mL/min.

Q)R SR I M AR H MGO/GO T

B R ER 22 vl (phosphate buffer solution, PBS) (pH
7.4, 0.1 mol/L)A¢ ¥ & >~ 0.33 mmol/L i) MGO/GO VAT
VR B 0.318 mg/mL M MFFEIUCHIRE S T, 453 1 mL
FREROMAE] 5 mL B0 T, S A4 PBS AR
BRI . RIER S, FHEIRKBIRG & h e
37°CHY IR 0. 30, 60, 120, 240, 480 min, S/
JEHL2 mL SOW IR LA 1.3.400) 05 AT AR AL, THEAA
2H 3% MGO/GO [l % . BAFEM ik 3 P47
135 MHMRERBRYT B I F g =4
MGO/GO #7 4]z &

(O AT R i1

S22 E A AL A 23 5 (0 7 TR RS VR e 1
Hi#r 0T FRE20 g BN 25 g B, FABERENL P B E
FIRBYEIGEWR, SHEERTIA 0.40%0kH 25
¥y, CE. Fi. Fy, 4M5IH 10 ¢ BBOMARG W+, BiFrEHs)
J&, ¥ 40 g (KA 0.6 g /NFTETRIR G, FHBEFEMLAGH
FES) . RS EA SRR R 0.2 em. BHAEHR S cm 9
WG B TR, 2k 180°C, Tk 170°C, #E#% 15 min,

Q)R SR BT 23 55 MGO/GO BYHIHITE P

225 SCHK[32] 07 W of ol A7 F T E AT AL B, 4% IR
134T AL, TR % MGO/GO Bl =,
BRI 3 4PAT .
14 BIELES SR

TSR ER 3 ¥k, SR Origin 2021, SPSS 25.0
A M LB BE, 45 R LLE I AR i R 25 R m o R
H R J7 225 =X A, BE 25 R A Duncan K36,
P<0.05 BRERHAAGIT#E L.

2 HER5SH

2.1 HIERLRIWHTHEEMRRIENEE
LR B AR S FIHIARY) CE, 50 12.74%,
HAop & et 0.84%, &R 1.67%. X THYAS &
WAL, Mk E E N AL S, R L
W REHEAT Ak o 38 1k 22 R AL B AR G #S  AEJE T
TERY, 5 20 R AL A S AB-8 A T4lifk, 153
AR B R BRI 73 . FER 1 ATA, 40% L BEBEL Y
(FOMBEDIE AR5 . RO S RSB & it m . 4
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A4 5 Fy AR O RIS e S P CE M LE, 23
AR T 16.74 A1 35.33 A5, FriREUA >, BT
YR TG R, RY LS YR
Yrr) E Y o

F1 HIEHEERYRAERRE CEERDPILEEEREATN
DENELER
Table 1 Determination results of anthocyanins and total
flavonoids in crude extracts of Myrica rubra Sieb.et Zucc.
and different concentrations of ethanol eluates

M4y 133/% O RE/% BT/ %
CE 12.74+0.43 0.84+0.33 1.67+0.26
Fo 7.20+1.12 0.24+0.03 0.63+0.21
F, 58.23+1.94 14.90+2.82 60.67+0.91
F, 34.57+0.17 5.75+1.02 42.95+1.63

2.2 LC-MS/MS S #hitate RIZEMIH IR 5
K LC-MS/MS X HI$EY) CE K HFL K B S 4lifk J5

(IZH45Y Fo. Fro FaEFT50H . W0F 1a BR, it sopi4e
Y CE £ 3 Mk SWdis. &y | B @ik i i
B} [] (retention time, RT)A 15.3 min, HUiE5r 15 FI55E
449.1 [M+H]", RWIHAFEN 449, LC-MS® FEHEHE
TRV SRR A NG P R T, IRERE
(81 2A) ARG BRI BT E & i) £ AR R RaEY, 1)
HHEMIL Y | ARG R-3-0- %W (C-3-Glu). L&
¥y 2 (¥ RT=21.2 min, HHE4> T8 F I 463.1 [M-H], £
HAFih 464, FBRER B FUEIZIL A Y240 AT
SR AR O R (K] 2B); LG9 3 (RT=22.7 min)7E
TR S & FIE 447.1 [M-H], FWHILST
B0 448, FELEEF B TU% 301.0 [M-146-H] 2 iZ LA 5L
FRRL IS P AR TR OCH R R (K] 20), il YAN ZE094f 0,
Wb 54 2 5 3 435I iR -3-0- R4 M T (M-3-Rha) .
Witz % -3-0- B2 (Q-3-Rha). I 3 FiI g RT. —2K
JRT i A TR R R B (3R 2) X AR A A —
B, WE 3 RSN C-3-Glu, M-3-Rha, Q-3-Rha, %%
e 3 prs.

100 F
80 |-
iid 2
bl
iz 60 1 /
40 b \ 3
10 30
£ 83 Bisf 1] /min
b _
i FO F1 Fz
600 F 600 - 600 [
500 F 500 M-3-Rha 500 - Q-3-Rha
= L = 300 | C-3-Glu = L
= 300 s = Q-3-Rha & 300
200 200 | \ / 200 F
100 + | E 100 | | 100
0 . : ; 0 ; . . 0 —t il ;
10 20 30 10 20 30 10 20 30

P ER B[] /min

P ER A /min

4 E3 B[] /min

7E:a.CE;b. Fy. F,. Fa
F 1 R SR B AE 254 nm T YR RORAR i E

Fig.1

High performance liquid chromatograms of extract of Myrica rubra Sieb.et Zucc. at 254 nm
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1.6 |- MS 449 [M+H]* 5| MS 463 [M-H] MS 447 [M-H]
C-3-Glu - o[ M-3-Rha 5 7| Q-3-Rha S
14+ o 2.0 S 2
3 1.8} @ - I~
I
w121 LeL 2 S 3
il 1.0 i 14+ =
| #oL o4t
08 %ol g
0.6 - B 0'8 L < = moT R % n
' N 83 2} S S 2
0.4 - g-g i S 28 = S
oS = O — - o
2L “ 02} e ik 0 g LB
| L L L 1 1 L L - 1 1 L L L L 1 1 L L L L 1 1 =l L AL 1 1 L ini il 1 1 L 1
100 200 30(;ﬁ z;%o 500 600 700 800 OIABRARRASRIARIRRS PP P P S SRS
0 i H i) oA e (m/z) Joitnf He(m/z)
X
L6} Ms? 449 [M-H]- — x10° x10°
14 M MS? 463 [M-H] | Ms?447 [M-H] €
4} C3-Glu & 3.0 M-3-Rha 9 8 g
Ll s 5 7| Q-3-Rha =
M 10 | %\ ; 25 B ; 6 [ on
o =20 @ B sl
W 08 # PN o
o i ) 4+ 2
w 1.5 N
0.6} e @ N ° S
04} o 28 & ¥ 2 = 3
. = osk 23 G i s 2 1
02} 2 ) 7 £ K (1) i 7 RL I
0 ] ! Il 1 1 1 1 1 1 E_ 1 L1l (e 1 1 1 1 = 1 L hl o L i | 1 L 1 L
NI NI AR NI NSNS BN
PIXES LRSS SELL LD S P P PSSP G

JEUT HE (m/z)

JEAf b (mlz)

JEAr Hb (m/z)

B2 BRI LC-MS/MS 43-H7
Fig.2 Analysis of extract of Myrica rubra Sieb.et Zucc. by LC-MS/MS

R2 BEBRERYPETELEVNRIEER
Table 2 MS informations of main compounds in Myrica rubra
Sieb.et Zucc. fruit extract

feam gt OO PETR gy PAETH
I ESI+  449.1 [M+H]' 449  287.1 [M-162]'
2 ESI-  463.1 [M-HT 464 361.0 [M-146-2H]
3 BSL-  447.1 [M-HJ 448 301.0 [M-146-HT

(1) C-3-Glu

(2) M-3-Rha, R =OH
(3) Q-3-Rha, R =H

K3 C-3-Glu, M-3-Rha. Q-3-Rha fk22£5#y5
Fig.3 Chemical structural formulas of C-3-Glu, M-3-Rha and Q-3-Rha

TEE 1b H, Fo. Fy. F B R ssHRY T AB-8
KALW I 22 atiAb )5 18 B B9 AS IR R 2 vk 4 4. T LA
F i Foh &8 C-3-Glu, Fy P EZEEA C-3-Glu

M-3-Rha BiFh L5401, L&A /DAY Q-3-Rha; F, 1
B LB —, FEEMSE Q-3-Rha, XN F—HR%E M
MESRBUI 2053 %5 MGO/GO 1 BRItk Z [l il 22 F 258 E T
RIS IR

23 HHBRIZIEINY(CE. Fv F)IH&E 8
MGO/GO &M%

RIS M CE. Fy. Fo dl4r)5, 43 5I%E 3 Aoy
il MGO/GO TEM#-AT T 40T bi . milEl 4 FTAL, CE. Fy.
F, 3 R4 4064 M MGO/GO, H 2B -6 £ . 3X 3
Fhgd 4% MGO Rl iE = T GO, X4 120 min B, F,
F, X MGO FHI IR BN AT 152 50% LA ;2458 480 min i,
Fi. F, X MGO Wil 253514 84.13% . 81.71%, %I GO
BN R A3 51 39.46% . 37.59%. JRFHEN N GO 7E/K %
WP LUK AR | BRI = BRI R AEAE, PR )
TN MGOP? i th 15 ek e 4 e — 3420 gk, 5
HHEEY) CE ML, ZEfb)S 45 Fi. Fo X MGO/GO By
TR B AR (P<0.05), HIFRRWTRE N F A&
C-3-Glu, M-3-Rha il Q-3-Rha 3 M5, H. s EERAAE @I
) e AR (R 1) Fy EE Y R Q-3-Rha, {H
ISR 2RSS F) Z R B 1 22 5(P>0.05).
EARAPRART Fy, (H I R A7 08 Tk (A4 1

RIS e, SWEREIL A Y, MREHED &
PSR R PR BRIk Ah RCS, HALHI R RCS 7E
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B A I C-6 F1 C-8 L BANMA N, HHEA S A2
W B EARETTENA R T T, TR C-3 BT,
C-6 Fl C-8 MG TN AKIRAFAE . HAMFRZE AT B g
FEFER 3 AR HAT AP Ml va e, &k 80%LA I,
TEIE R T L ARAE A KSR MGO BRGNS, 4
TFAERHE YR . A PR L AR U 45

ST [ % B EBETE ] MGO/GO M i FH F 5L bR
T n AR R R RS AR X D HARGE 2 Ry B — 3 TS P,
WS R A AR SR Y b R B 2R B4 4y,
SERR AR R N AR I — R

100r ce
Cr, Aapg,
go| ¥
? Ab Ab
&
* 6ot Acac
E X
Ad
2 Bd
S 4o} Ca
= Ae Ae B Bb H
cd i H
20rBe ]
0
30 60

120 240 480

=]

Hf B8] /min
100r1 [:CE
[y

o+ T,
c\\C’
3 60 [
=
E AaA
z 7 Aa
o 40T Ab
© Ac Bb g,

Aepy Ad B¢ Cc Be Cb
20F 1
30 60

120 240 480
[ [&]/min
: RJH Duncan’s £ 5 AT B E AL, ANFEKE FRAR
PRI S 22 7] (9 2 5k 35 (P<0.05), RR/INE FEE %
[ —$E B 3 A TR S R B 22 ) 119 22 57 183 (P<0.05) .
K 4 HAEEEWI(CE, F,. F)% MGO/GO [l #(n=3)

Fig.4 MGO/GO inhibition rates of extract of Myrica rubra Sieb.et
Zucc. (CE, Fy, Fy) (n=3)

24 BRI HMFTHFFEE MGO/GO
RO HD

1 M2 T R R, JEURES A I S i
(>30%) . HEZ(ZY 60%)FIEE 1TI(Z 6%), 1€ m bt id e
W, A5 RIS FEALION Y Bk 2 R e R

RN, fHif3: MGO/GO MY & KR LTt A TIER T4
HESR A S ZE SRR 2 FP Xt MGO/GO A R 3i-3 ihi 36
Ja, R B N T M A O T o, B ISR
N A

WK s iR, SR EI (W), CE. F. B LA
AR AT ET R MGO/GO BYIE R, RIS AR v h
9 F>F>CE>W, ot Fy MR 4 5k 8 T 61.5%
(MGO)Fll 40.4% (GO); IAh, #4145r%F MGO HyHHIiE M
KR EKT GO (P<0.05). I A LR 1A R o=k 1)
MGO & &5 T GO,

70r mMGO Aa
60 L OGO
Ab
50 +
Ba
xX Ba
40t -+
% N :
£ C =
30 + T
= Ad Bb
20
Bce
LA
0
w CE F, F,
WA R 4 4

1:: SR Duncan’s Z 8 WL T R, ANIFKE FEAR
FNR)— IS TN 53 AN [ 0 1k B Ak S R IS [ ) J 38 2 5
(P<0.05), A/NEFRARFA FBSINE 53 22 7] (1 2 ek

(P<0.05).
5 AR AL 7T T MGO/GO Ryl 5
Fig.5 Inhibition rates of different extract of Myrica rubra Sieb.et
Zucc. on MGO/GO in cookies

3 & 1

AW A AR S SRR 2515 24 CE, HEim
KH AB-8 KALWL K G, 43314550 3 Fhdisy, Hrb Fo 4l
SRR 5 B S R4y BEA ] 14.90%F 60.67%, Ji
T M3 M43 C-3-Glu F M-3-Rha; F, 43 h B
T 5 B &80 5.75%HM 42.95%, HF SR
Q-3-Rha, HERISTIGRE, #RHRICXT MGO/GO Ky
YR F>F>CE, e vl 4055 84.13%M1 39.46%., H
0.40% W My BB I F 23 9 v, Foo Fy YRR
MGO/GO K IF A3l &, Hd F) #UR R AE, 4500
61.5%F1 40.4%. LA FE5 SR, MR BUYA W 1 o &
S Tag A A MGO/GO Y K ARIERRF

SE B
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