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# E. B8] A T UHPLC-QE-MS dE¥e @Rt 405 7 ik o 47 ZoR R BEM e ik i k5, [ FiR] KRB Waters ACQU-
ITY UPLC BEH Amide (2.1 mm x 100 mm, 1.7 pm) & 48 &4 ;7% A48 &1 A 484 K48, 4 25 mmol/L T8 4% 4= 25 mmol/L &,
KB A8A TR AR, AR A 0.5 mL/min, Thermo Q Exactive HFX R AU7E 5K 48 # 48 ( Xcalibur, Thermo ) %9 42 %] T vA4Z &
RAAE X R IE RS/ R 2 e miE, ESI 5FR, EA S FAEX T RERKE, A B — %U)ﬁﬁﬂté\%é%aﬁ
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WAL 5 7 i T VA B Bk Mo A7 B AR KA G D ReAL F o, RO iR Su 2h B AR Bk R 425 vA BN R R B2
Ak,
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b

Abstract ; [ Objective | To determine the active ingredients in the water extract from black rice with non—targeted metabo-
lomics based on UHPLC-QE-MS. [ Methods ] LC-MS/MS analyses were performed using an UHPLC system ( Vanquish,
Thermo Fisher Scientific) with a UPLC BEH Amide column (2.1 mm X 100 mm, 1.7 pm) coupled to Q Exactive HFX
mass spectrometer ( Orbitrap MS, Thermo). The mobile phase consisted of 25 mmol/L. ammonium acetate and 25 ammonia
hydroxide in water ( A) and acetonitrile ( B). The analysis was carried with elution gradient; the QE HFX mass spectrom-
eter was used for its ability to acquire MS/MS spectra on information—dependent acquisition (IDA) mode in the control of
the acquisition software ( Xcalibur, Thermo). ESI ion source was used. Data were collected in both positive and negative
ion mode. The relative molecular mass, molecular formula, and fragment ion information of the first-level mass spectrome-
try compound were used to identify their chemical constituents via combining information from related databases, litera-
tures, and reference materials. [ Results] Up to 539 chemical compositions with high reliability ( cut—off value >0.9)
were identified in the water extract from black rice, including 3 sesquiterpenoids, 3 vitamins, 6 steroids, 7 organic acids,
19 flavonoids, 41 alkaloids, 109 amino acids or polypeptides ( containing 8 essential amino acids) and other compounds.
Some compounds have the functions of anti—oxidation, anti—inflammation, anti—cancer, anti—aging, preventing arterio-
sclerosis, lowering blood sugar, controlling blood pressure and reducing the occurrence of cardiovascular and cerebrovas-

cular diseases. [ Conclusion ] Non—targeted metabolomics based on UHPLC—QE—MS can be performed to effectively sepa-
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rate the chemical components of black rice, laying the foundation for therapeutic material basis as functional food, quality

control and clinical application of black rice.

Keywords : black rice; functional ingredients; non—targeted metabolomics
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UNEESEN - RIAUIEPSERSy= g3 By SN S i1
RER AT R RN 7E A R Y TE Bk I £ b1 )5
b 58 OROKRAH L, 4 W SRR FIZLK 1 25
O, T 2 FNAR W) Ak 2 I R 7 3R LA S i s Y
X LAY D REE I oy, JE R RO P B R A
ZOKRTPRRAER R, 20V S I R ALl @
(BT S I Lk S 2 3% P 43 B AV T RORE
JIRZERNER B A2

LR ARG R BV 7 A R R S
BT AZEFNA I B RO, R O —E R
NI TR 98T, i TR ST a4k, B R 9%
BRI, R, X DI REVE i H 4R34 1 A 2%
RS BT RN ORI R R RN RO (4 7 9 i
TEAERRAE BN EOR R & 27 4 A k¥
R R R, AT @K AR b, SRR A —Fib
FARIROK BB RURE K , H 2 ohae i AR (e A
A BRI KR SR R R e B SR
A i g BR P R 117 32 SR R 2 1 e
KEGVFEA it RETE My, AR 2 26
B R A y- R AER T T AR R BRI
HELEAYITE AL S . XS AL B W TH BRI 1
S AN T SR R B s R
R BRI S EEAL TR RO RAE , H
FEESRIR S ORI A FoRIE T H A 5 1 Rk
EEREAEY, WMAEHFR-3-H @ W H AT 2
H -3 MR e SOR e R

T, 30 54T JE T AU 4 2 R 23 B SR KK B
YA B PEAL “ T PR ) SR BB S il . AR S B
SR FHEE TR w8 SO (13 — DU AT~ LI B i 20
JiE Y (ultra high performance liquid chromatography
—() exactive —orbitra mass spectrometry, UPLC - QE -
MS) AR ] R 2H 27 5 ¥k S KK A rh it 2
RETE L 7 KAl o o, 5 8 38 ROK X Fe 2 A, 4%
FROK AR LY, 4 SRR D REE T4 HIE ST S 4t
G5 R S

1 B 57*

L1 {2 FAIKF
Vanquish ( Thermo Fisher Scientific) #5520 AH

{03% 1% ; Waters ACQUITY UPLC BEH Amide (2.1
mm X 100 mm, 1.7 wm) A 5%+ ; Thermo Q Ex-
active HFX i1 {% ; Heraeus Frescol7 ( Thermo Fisher
Scientific ) 25031 ; BSA124S—CW ( Sartorius ) K- ; PS
—60AL(IRYI T B i AR AR AN, B
TER IR PSR O BTG K P BE(Merck 23H]) 5
MK (I L IRZE KA FRA ) .

1.2 B4

K (TH 5 —5 ) FIE 38 JOK (AERE 28) KK,
H1 PG 527 e 7 P S e 8 P e (AR W 0T 58 5 ) T
A8 o S S 2 R AR ST DR 2H i it
1.3 77k
1.3.1 K24 v 46 U 4 G 1) 2%

(1) PRI R AN 38 KK BB K 4510 g, 93l
BA 50 mL Jow B0 IR 10 5 S 4K 5
AR SRS B2 h BAWHE K, 8 h FE.L
BB, (2) BV 10 min(VKKIE) . (3)
—40 CHFE 1 h, (4)KFES 4 °C 12 000 r/min &
O 15 ming (5) BCEIE THEA D AL,

1.3.2 E#L

1 Vanquish ( Thermo Fisher Scientific)ﬁr%'?ﬁﬁ
W AH {3, 15 A%, 3@ 3 Waters ACQUITY UPLC BEH
Amide (2.1 mm x 100 mm, 1.7 pm) A 35X
HFrb & WA O 08 . WA (35 A FH K AH,
£ 25 mmol/L ZBREZFN 25 mmol/L & /K ,B #H N &
G KRB E M. 0~0.5 min, 95% B; 0.5~7
min, 95% ~65% B; 7~8 min, 65% ~40% B; 8~9
min, 40% B; 9~9.1 min, 40% ~95% B; 9.1~ 12
min, 95% B, WA 0.5 mL/min, £l 30 °C,
FEA BRI 4 °C HEFERTR 3 pL,

Thermo QExactive HFX J5t i { Y g 4% 75 44 il F1 1
(Xcalibur, Thermo ) %1l & #F47— 2 . — 2 B ik £ 4
KA, TEAISELUNT . Sheath gas flow rate: 50 Arb,
Aux gas flow rate; 10 Arb, Capillary temperature ; 320
°C, Full ms resolution; 60 000, MS/MS resolution:
7 500, Collision energy: 10/30/60 in NCE mode,
Spray Voltage: 3.5 kV (positive) 3(-3.2 kV ( nega-
tive) o
1.3.3 HiE4bE

JFE IR B 25 ProteoWizard #X 4 5% A mzXML #%
U5 ST M AR e A 14T I A7y A BR 22 7] 4 5 9



.10 - LR

FRFR(ALRHFR)

% 35 %

R BEFAL (NN XCMS ) HEA IR A4 I g 5o
FEMBUS AL B, AR5 5 S0 % 1 g R
JEVCBCHEAT B i B, AR T 20 19 Cut off {HBE N

R

i
8 8

0.3,
24

ARG

2.1 ERKIRY R B S AT
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JHI UHPLC-QE-MS IR IF AR (Ao 2
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Intensity,
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FWWE 1 i, AR E ST o

t/min

SVT SRS A T E 530 AR

JRIY (FT23BUE>0.9) B BGE k(5 8. & 1 51
H T 101 B R AE I AOK B R AT o0 B — LB

t/min

TE: A BB THENB. Ol TR,

Bl 1 ZEXk/KkiE¥ UHPLC-QE-MS BB FiaitE
WY,
R OBERKRYULZERS (B9 AEFEXREER
T Y IR 52 PREEBTE/s BT (m/z) R IORMR SR RO &

| HHEEAF RS 502.48 545.28 1.16E-07 0
2 DU B BT LI 34.99 351.25 5.62E-06 1.64E-06
3 BRI E LI 189.72 369.17 1.08E-06 7.47E-06
4 L-Alpha-Z T8 JFAEE & 130.42 104.07 3.39E-05 4.91E-05
5 5N E AL EY 286.45 193.09 1.04E-06 0
6 HFE G AV E Y 353.85 326.16 0 3.07E-07
7 VA IR AL EY 670.53 166.09 0 5.21E-06
8 MLig—2-3RMR HHLZHEY 73.00 112.04 0 3.16E-05
9 5-ZMEH-2,4- L EmE EE IS N =] 84.31 140.07 3.64E-05 0
10 5-Z K —-4—H A EE IS N =] 536.66 112.08 9.42E-05 0
11 14-FIFREBE KA BILZHEY 171.88 452.25 0 4.34E-07
12 I’-0-LMHEEHFFE B AEY 296.14 478.26 4.29E-07 0
13 JpfA R AHAEMLEY 55.82 139.04 0.000111 0
14 ZBEATERR =T T LR 424.97 403.23 0.0002516 4.05E-06
15 MW I AHLRR 466.21 229.12 1.20E-05 1.55E-05
16 O-Z.Bt . ThE AHLER 270.02 104.06 4.44E-05 6.90E-05
17 No- MBI NE AR 206.39 154.10 5.14E-05 8.01E-06
18 N-(5-Z LA ) LWk HHLRR 356.96 145.13 3.62E-05 1.58E-05
19 Pt HHLER 342.89 75.06 2.55E-05 1.04E-05
20 2-SP -3 BR R MR 204.75 175.06 1.18E-05 5.98E-06
21 7-HEEFEE FORLK 211.80 163.04 0 9.01E-06
22 MR PR 58.59 123.06 2.24E-05 0.000100956
23 MR PR 339.36 124.04 2.91E-05 2.42E-05
24 BHFER YR 228.50 377.14 2.11E-05 2.03E-05
25 Alpha—IW ik B A — [IEES 246.81 139.04 0 2.10E-06
26 3—H 32— IR M- 1-Hd i 24 189.01 97.07 0 1.47E-05
27 ARANEE ] i 25 TR 191.26 425.14 1.02E-06 0
28 1Alpha—4f{v - H H2 B {4 it & P g 337.81 405.23 0 1.44E-06
29 3-0-Beta—D— iz 1 [Ass 254.95 665.38 2.19E-07 0
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T3 7/bd AW 432 TREAEE/s Bif bl (m/z) @ SORAERT B SBRAERT B
30 JEEME e 383.42 365.10 0.0043752 0.000235697
31 D-ARWBEEE S 205.89 153.08 1.37E-05 1.98E-05
32 - PERRRREAT BN 185.26 439.16 0 1.30E-06
33 4-FHAETH WA 392.92 88.08 1.21E-05 0
34 EEHFT ER71T 23.48 280.10 7.84E-08 0
35 M| HE 260.67 160.08 6.01E-05 0.000249248
36 W5\ MEP I TR A= 42.10 188.07 4.55E-06 7.13E-06
37 gl HE 153.05 118.07 0.0003454 0.000124555
38 BV e HE 274.44 161.11 1.02E-05 2.10E-05
39 JRRER HE 237.12 136.06 2.69E-05 3.65E-05
40 JEH HE 97.65 84.08 1.09E-05 6.54E-05
41 F3 HE I 370.24 118.09 5.01E-05 0.000323948
42 DU IREE HE I 207.27 203.12 6.70E-06 8.05E-06
43 tER HE I 278.47 205.10 0.0008096 0.002127404
44 JRYIR AE Py 303.63 139.06 0.0005273 0.001163558
45 SIS HE 299.63 152.05 2.73E-05 6.05E-05
46 NEAMLIE HE 374.19 86.10 0.0002389 0.00518042
47 ET HE 22.67 331.08 0 9.34E-08
48wk HE 156.19 130.06 0.0029632 2.78E-05
49 FPIESEC B AW 230.58 625.34 0 3.10E-07
50 HEER BN 332.49 153.04 0 6.06E-05
51 MEEIEIR HE 206.89 201.10 9.52E-06 5.39E-07
52 &R E 7N 69.78 183.09 7.74E-05 1.70E-05
53 $GiHEM HE 469.10 176.09 1.95E-05 2.25E-05
54 =t HE W 300.66 144.10 0.0003539 0.00051296
55 WKEIER HE 174.37 137.05 4.26E-05 0.000652919
56 AR HE 207.73 142.09 4.04E-05 3.37E-05
57 N-HEEEK B2 A W, 228.02 190.11 9.75E-06 1.11E-05
58 L-ZH&i HE 375.58 142.10 5.74E-05 4.87E-05
59 L-tEiR HE 202.39 205.10 6.46E-06 7.83E-06
60 6-HI FL Mk HE Y 217.99 144.08 7.93E-05 0.000212385
61 1-ATHER A=Y 319.58 164.09 0.0001257 8.75E-06
62 1H-M|P-3- 2 Bl HE Y 50.14 175.09 0.0002551 5.45E-05
63 (S) —2- N FEIRIE AR 211.92 128.14 0.0039105 0.002118523
64 1ETRE 25 Wy 291.89 74.10 9.81E-06 9.65E-06
65 3—FELAREERS HE 271.67 150.08 7.72E-05 6.36E-05
66 BTtk R 46.63 169.08 2.32E-05 4.75E-05
67 =X E K AW 108.81 220.12 1.17E-05 1.73E-05
68 7—FH Bt A K A% R WV HE 265.99 412.18 3.70E-06 3.55E-07
69 Gamma—2F T2 P 225 I3 49.24 104.07 5.57E-05 0.000150561
70 RREFEHE A 252.89 317.07 1.20E-06 1.48E-07
71 SRR EiEES 235.64 465.10 8.61E-07 5.02E-06
72 Mty 2 81.47 243.10 4.69E-06 6.40E-06
73 BEEEE -4 -O-HIMT A 310.74 449.11 3.72E-05 0.000267138
74 IWEER A 181.64 301.07 9.60E-06 0.000461393
75 WA E 3-0- MM i 255.26 595.17 0 2.28E-05
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T3 7/bd AW 432 TREAEE/s Bif bl (m/z) @ SORAERT B SBRAERT B
76 L4 A 178.90 287.05 7.88E-06 2.80E-05
77 LA A 387.30 183.08 6.16E-06 6.61E-06
78 FM e #E A 277.41 421.17 2.81E-06 2.56E-06
79 EHIFEE YL TES 358.96 375.10 3.48E-06 9.11E-06
80 BT S 254.80 449.11 0 7.72E-05
81 Mz & 2 344.16 303.05 3.22E-07 1.05E-06
82 KILHKER ENTES 246.77 291.09 2.18E-06 1.08E-06
83 S—FEILE LB 361.34 401.12 0 1.34E-06
84 5,7- "2 H S 24.77 255.06 3.83E-07 7.51E-07
85 HEILNmR WEE 489.59 191.10 2.52E-05 2.72E-05
86 LR [IEES 171.75 355.10 3.77E-07 1.02E-06
87 HLmE s 317.24 203.05 0.0005173 0.000608357
88 ZHR =2 278.75 220.12 0.0012318 0.00095286
89 LTI IRIR 52l 455.38 315.16 7.59E-06 2.66E-05
90 PAHEERE C3 2k 413.99 383.20 8.74E-06 1.06E-05
91 RWHE fi2fif 271.75 401.20 0 2.91E-06
92 % iligs 430.31 112.09 2.16E-05 0

93 L-41&M AR 429.91 156.08 0.0001879 0.003791929
94 L-RABERE AR 390.63 133.06 0.0018989 0.003725232
95 L-AMR AIER 126.13 120.07 0.0002739 0.000238632
96 L-Z% W% AR 391.52 106.05 1.89E-05 6.96E-05
97 L-TH#mR HIER 230.47 116.07 3.62E-05 3.75E-05
98 LMz MR HIR 555.67 147.11 2.10E-05 1.39E-05
99 LK AR 354.28 175.12 5.32E-05 2.16E-05
100 L-A4HIR HER 407.15 148.06 0.0102626 0.010565484
101 L-AH R HELR 274.99 166.09 0.0053383 0.017344455

2.2 UHPLC-QE-MS IR R HFER KA
S

7 e A8V £ — 1 43 LT (UHPLC - QE -
MS) B HHEAR ¥ TOF 115 43 BE | o Jox o v B2 1k
AE5 BB MSn BEIARSS &, PTAE SE 50 h AR ECE
LA B, A HT B AR 58 X 42 e (A 2 Ly AR
R as ) 1 A TR EL A s A% LA R T 00 K i A 445 ) 41
WAE R . IR Ty B R | a7 B L A R L T L
HER DU b b A R — AT B I 5T R KK
WA AT R AR T, ARG WA 45 R A
BB R A SR A AT R B ALY, AN AEAE R R R R 2%
T2 A ) N R i PR 25
2.3 ERKIBMIIEER 5917

K VBB FH B AR 43 i B OK 3 ) — i
2 AR T RE A AR B Y — 2R3 5 K a0 e DT
BC A B3, 4 A~ 900 R 25 e 55 40080 2 A e 25+
DT | [ >0.999 , M 45 SR n 5 vE— - Bde 8
K, NEAKIK Y Hh 45 539 Rl {5 BEAR = (1

{H>0.9) WL oY, AU 3 M AEFaG 26 3 Fh ks
I 6 PHEIRIE 7 A LIRS (19 R ELERZE 41 Fif
AR (109 Fh IR L IR (15 8 Fhbh 7 & 5
MR) , LIS A S I RE o M 590

10 000

2 7 500F

£ 5000f

=

~ 2500 ©J

LG
=% 70 80 90 100
n/z
B2 ZARKREDDIEEFEMER D BN ZRRESHEE
I i ) P i
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2% SCHRARIE Xof K 73 I BIF 9T 22 B R 7 £
RALH BT BT SRR 4347 117 BT
AR B BROKOK S W 9 Ak 2 o0 LA e B E 16
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LRy, HAT R AW BEIE AN 2 S AE e A, 5
RS ARG, AT R 25 & IR & A D s
BT RGERA J T 1T R 25 6 IR UR B 1 AR 42
REA AR LR 22 AR L R A N S A K
MWER, BEO F IR CEFRRET 5, RIEK
ZN R < 2R AR TR Y SR AR [ PR
TR E M2 —, Bk, AR AT
UHPLC—-QE-MS [P={EHE ) A QI 2H 2% 5 i, 5% BROK
IKEEYIA 2= WA DL R D RE T PR 4y, DA E— 2 R
FEORAE SRy 24 6 [R) 508 A 1) ) o ity 2 mT R w6 K 1)
I3 FHLH

5 FOK g, FROK K SE P IR ( Choline ) 75
HEET S, AW REE SR RERS 2
g H AR A , AR UL T Rl oA AR LSRR
ARG, AT AR TE AR LN B A= JLAR A5 R AR, f2 2 fie
HERG & B AR S ICICRE JT . BEE I IR A A AR
TIEHE, W Re P 3 & T AR A A d e . 4R U
b e IR 5 J5 AR ZR G AR LR AE AR &
KT HEEASE

FEOR KB 2 3= B B 43 i SR 8 ( Betaine ) HAY
P> R Ptz K S ) RE R
B8 A7 HFRE G AT BE L A R T RE A 5
B LR T RE, v T AR, B
PEATIR NG 3 K, 28 A0, 4 1E 1 s AR08 AN 2
A B IRE

S 3k

FEOK 8 = B R A A 5 58 ROR A A T ) R
S8 ( Neferine ) Bz 41 & M\ I S5 R} A8 ) 35 A 0
14 2o €60 U 2 v B S 1 — T BLS B S s o I AR )
ik, CAMREREEAY ME FEES o
HRHDH B R RS BRI B PR
B BUA DL AR 2 b B BRI B W AR T R
A5 A B o 0 R R B A 5 I ) i A Py
B A RE A 2B

FEFEOR AR BRI 58 KK BE A B 2 RE A 43
B (Astragalin) J2 DA B R R P 52 3073 8 Ok 1Y
—FP AL G Y, B R AR M, B
BT BUDBEIE Y SRR TH RN LR
PUI B S Bk e

L5 BRI A W A 2 i 2 A B IR 45 2 RE TR
PERLSMTE FBOK 1 8 TR OB D RE rh K 98 T H I AE
. AWFFE S UHPLC-QE-MS BA5 1 Bk K 41
Yyei Al o B T RE TR PRI 0T, 25 SR DA FEOK K 4
Pyrp L deE th 3 P m S 3 AR K2 6 Fh i
R 7 RE PLIRZE (19 Fh RS 41 Fi A ik |
109 PSR 2 K (f4E 8 Fhb 5 &I ) , LA I
HABRAL A Y, 57 T LC/MS IR S ik
TN RE B Lo E0HE B, S B ) RE B Ak 2 o PR
HIMTEEE T T I RE B A U o K IRE ) M
R BT A T KO- | () B Ay PROK E— 20 R B R i
FHEAE T BB ARE
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