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FH AL, FFA4E 30 d J BUBLEVER , fR-AF T —20 °C.
1.2 HmardErs %

D KB A& o W EORBEBRL S & TR 0T
AL TR AT, BRI LG5 8 BREOK B0 g
R K E T 4 A 3 4 U0 B A BF 85 (60 Hz,
2 min) , $15 2 1Y BB KR 2 L2 0.425 mm i, %5
FHEF —20 C& .

2) ViF S I R AAE T 1 A $E I . S IR SCk[ 10-11 ]
PEAT WA Bl . FREL 50 mg 26 A7 K AR T B0
BAF LA T mL 4 100% 75 4l 4R 30 min,
PL8 000 r/min .0 J5 W FIEWCE T 2 mL 204
B, FUUMA 1 mL 70% H i (pH=1) T &8 A, &
BRI LK, LEW T E0E BR S, B
F OASIS HLB SPE /M 5 B 23 2 BUR 5 b X6 R i
PEAT AL v AL S AR B AR UE R T, ik
T —80 CIRAF# FH o IR0 FEOKAE I 20 pL R
B IR AE R TR S s DL R 25 FI 0 I8
1.3 UEEF5RF

DAY B A o R WOAH £ 3k AR I T S Y
(HPLC, Shim-pack UFLC SHIMADZU CBM20A
system; MS, AB SCIEX Triple Quad 5500) \UVF #
PR VEHL N AR I A R A R 42 A 3))
AL (L S0l R A IRA A ) s %
Bk # (Sigma-Aldrich E#E 525 ABRA T .

2)iH. M. LR (354l Sigma-Aldrich) .
OASIS HLB SPE /MM GREFIHBHE FIgEARAF) .
TR JFLARIR AR BT ER | S BT R X
TR T AR NMERR LB 2R =By Y TR KR
SRR WE TR SRR 2,4- R HOEH
M2 RG34 R -3-O-H A M (C3G) FIAT 25 (4,3 -3-O-
2 B (P3G) B8 M & (TRC, 3 35 $E R A B
/NEID
1.4 LC-MS/MS il E #E 51 X 1§14

3% 4% 4 Shim-pack GIST 3.0 pm C18-AQ 2.1
mm X 250 mm (HSS) , {#i [ VP-ODS C18 2.1 mm X
150 mm #1 Poroshell 120 EC-C18 2.1 mm X 150 mm
PEAFXT L o

o S 1% 5 o T 0.25 mL/min, £ 40 °C,
WA A RK (0.25% R , W sh Ml B A & i
(0.25% &) VEMFEFF AR 1 s . BiikociF2
BT B AR S R 5500 V, B

P W25 L R O —4 500 Vo, A AN 0.24
MPa, %650 0.38 MPa, 1458 0.41 MPa. Uik
JE R 550 °Co i ia A it : 22 i Wil A = (multi-
reaction monitoring, MRM) . fifi F§ Analyst 1.6.2 8k {4
Ab FRESA

x1 RIBEBE
Table 1 The gradient of mobile phase
IR [1] /min WA A/ % Wi B/ %
Time Mobile phase A Mobile phase B
0 95 5
2 95 5
24 0 100
27 0 100
30 95 5
2 ZEREHH

21 BMEEBILSTHENREL

T LA 2 A 9 R 2R A & W A AE R 4 S 4
(LN ON GRS - S RN N i g e 7[R )
T B AFE Sk F K MG K o ARBIFZE I T
AN R A T Bl AR A ZR RS IR, R BTSN 0.04% &
R B 2N -7K AR 2R 4 B AR 4. X Poroshell 120
EC-C18. GIST C18-AQ #i1 VP-ODS C18 &, % i
TS, R IEFH GIST C18-AQ ikl a2 &
Y oy SRR GRS TG . AT TR G A 2k F AR
[ 420 JE A E A 250 mm B9 KAT , & B A 20
B Tl A AR 43 B R S (1 1) |, BT B 5 S BT B
(LI g S
22 RiEHENRML

3 3 VR T I B R T i 22 S e AR X, HE T/
B BT R AR AE G2 A% 2 B AR 1R 15 8
My IR AL W AT A 0 QLA Q3 IR ik s Tl
BSH(ER2) L ST MRM ORI 7 o
2.3 TEEEFMMERERHWRINEHFHRK

R LA [ 1 Sl K AR 1 RN PR S A R 1Y
255, SR MR K ik B BT AT ¥ M T AR
T 1A il IBEOK M 7 DE Ry LLDTTE B AR AE , R R
AR B R IS A (0 R R A AR U INRE R AT 24k
FHAE B (HLB ) 2l A S5 FA A it 52 5 v 7 2% o R s
WD AR TR G50 . 3 Ah, BRORAE
T &S 5 1 2% 4 4 2R -3-O -7 A B 1 A AS 25 2% -3-O-4
I RE 2 2 B R R AR B 2, C6-C3-C6 2
Fa 4 R A W S A 1 BR A B ), AR DF SR R A
pH=1 By /K fift 251 T #2830 min.,
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gﬁrﬁ/cps Intensity

14.77

i L 1 = 1 ! !

14.2

14.4

15.0
I} [8]/min Time

14.6 14.8 15.2

15.4 15.6

15.8

oy 20 1 A4t B B 18] SRy 14.77 min, S5 B B R 08 £4 B [8] & 14.57 min. The retention time of ferulic acid and isoferulic acid was at 14.77 min and

at 14.57 min, respectively.

E1 #193.10>178.00 BF Xt & it &
Fig.1 XIC in 193.10>178.00 ion pair
x2 MEREY MRM S

Table 2 MRM parameters for target compounds

mEgrsl RRILE/V O ARV RS/ V HETQl THET Q3
A0 11 fR 34149 Targeted metabolite Tonization Debunching Entrance Collision Parent ion Daughter ion
mode voltage voltage voltage Ql Q3
RIEHFE-3-0- % Cyanidin 3-O-glucoside  EST+ 100 10 47 449.3 287.3
AJ245 {0, % -3-O- 4 FHETF Peonidin 3-O-glucoside  EST+ 70 10 15 463.3 301.2
F R Vanillic acid ESI— —100 —6 —15 167.1 123.1
JF LS Protocatechuic ESI— —140 —6 =17 153.0 109.0
JeATR Gentisic acid acid ESI— —70 —10 —25 153.1 108.1
P ERR Ferulic acid ESI— —100 —7 —21 193.1 134.1
SEBTERRR Tsoferulic acid ESI— —110 —8 —20 193.1 133.8
X5 5 p-Coumaric acid ESI— —100 —10 —19 163.2 119.2
T#F 2 Syringic acid ESI— —100 —10 —16 197.1 153.1
WIMERR Caffeic acid ESI— —110 —10 —20 179.1 135.1
FF R Sinapic acid ESI— —100 —6 —10 223.0 121.1
WE 2 Gallic acid ESI— —70 —7 —18 169.0 125.0
ZkJ5# Chlorogenic acid ESI— —100 —10 —22 353.2 191.2
K%z Salicylic acid ESI— —80 —8 —24 137.1 93.1
2, 4-— 7KW 2, 4-Dihydroxybenzoic acid ESI— —90 —6 —23 153.0 107.0
XA 2R 4-Hydroxyphenyl acetic acid ESI— —60 —8 —22 151.1 107.1

24 AEMEMBEKRPESENHBBRELEY

BELR

fdi JH Analyst 1.6.2 % 57 i#% £ 47 730 87, 66

/|

GraphPad Prism 8 AT VEEIFNGE T o3 br , 4745 1

R 3R -3-O- M HI R AT 25 21 -3-O-7 4 Bl 1

14 R PRI S WY E B 4551 (18 2) , Horp 2R 5
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100p JRJILZEER Protocatechuic acid
a

3000y 500 P3G 2
= = =
L2400 £ 400 b b 2
s s gedg@be ¢ o 1 3
< 1800 < 300 de =
< 0 { 3 It =
B B W
2 1200 2 200 h 2
m 600) U]TIF Iﬁ
il o 100 o
01234567891011121314 012345678910111213!4 01234567891011121314
IUFE ML 4 Sampling location IRUFEH # Sampling location IRUFEH 5 Sampling location
AR Vanilli i 20, - s : ; p 20,
_ 60 BRI am]hﬁ acid " _ JENAAR Gentian acid a _ B Ferulic acid
ESr ki geled g § &
c 3 &
% 30 k! k!
2 20 2 <
g I} i
& 10 & L
01234567891011121314 01234567891()11]21314 01234567891011121314
HURE 5 Sampling location HURE 5 Sampling location HURE 5 Sampling location
L0 5tFTELER Isoferulic acid 3.0 Xt 7 TR p-Coumaric acid 0.6 T # R Syringic acid
g g z
= = =
3 3 S
I I =
o o 3
3 3 3
& = &
4 4 o
0.0 0.0
12345678091011121314 12345678091011121314 1234567891011121314
HURE M 5 Sampling location HURE 4 Sampling location HRURE i p Sampling location
n [8] % = i} Phloroglucinol
2.0, WIHERR Caffeic acid a 5 0.5 J¥FB Sinapic acid
= ba a = X b he heb =
e S 4ta <l . be g
= = d =
B} S de S
S SEES e S
3 I &
R = e
3 i 2 i
S B B
Lans 4o Lo
0.0 1234567891011121314 0 1234567891011121314 1234567 891011121314
UK b 5 Sampling location HURE A5 Sampling location HURE 5 Sampling location
2,4- “RILRHHR 2,4-Dihydroxybenzoic acid
1.0 B FMR Gallic acid 3.0
= s =
E z z
= = =
3 b b S S
2 F ) =
E) o o
E: 2 E:
= = =
&1 4 40
0.0 1234567 891011121314 00 1234567891011121314 0.0 1234567 891011121314
HURE . Sampling location IURE M A5 Sampling location IURE M 5 Sampling location
Xt 2564 2 R p-Hydroxyphenyl acetic acid
=
)
=
3
|}
3
o
3
&
&1

0 1234567891011121314
HUREH & Sampling location

K H1 One-way ANOVA 43 H7 #E4T 22 5 L 488, FEAR 1 pobs 1 A 5] 57 BF 9 41 FF 76 B 35 M 25 = (P<<0.05) o 1: 2 Wuhan; 2: K
Lingshui ; 3 : 32 PH ¥ 7% Nanzhang , Xiangyang ; 4 : 3% BH 117 = 7 [X. High-Tech Zone of Xiangyang City ; 5: 3] Jingmen ; 6 : Jif,"T* Xianning ; 7 : #
£1 Huangshi; 8: ¥ VT. Qianjiang ; 9 : # Xl Huanggang; 10: 7° % Ningbo; 11: Wi Jianli; 12 47 & Shishou; 13: 11 Jingzhou; 14 P4 % Xi’ an;
Mean values followed by different letters are significantly different (P<< 0.05) as determined by One-way ANOV A multiple comparisons.

B2 ARMEMEERPESENRBRELEDSE
Fig.2 The content of anthocyanins and phenolic acids in different locations
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TEBARCRRER T . B S B AYET 6 Fh AR AR
WY R R 2248 3R -3-O- R Al > AT 25 2 -3-O - %
W= IR LA IR > F B0 iR > e N R > Bl . 76
Ii) b o b A ) 2B K b C3G 3 B M 865.2~2 855.7
ng/g, P3G N 218.6~490.7 pg/g, FUILZK IR N 47 .5~
88.4 pg/g, THMR N 37.1~52.0 ug/g, W HER H 6.6~
18.4 pg/g, BT BLIR N 6.5~14.1 pg/g, 5 b B R
0.3~0.6 pg/g, W F M N 0.8~2.1 pg/g, T HR N
0.2~0.5 pg/g., WIHERR } 0.6~1.7 pg/g. 182 = B K
2.8~4.7 pg/g I FR M 0.2~0.4 pg/g, WETIRN
0.3~0.7 pg/g,2,4- "R E KPR K 1.8~2.8 pg/g,
KRN ,1.6~2.4 pg/g, W EILK LR N 1.8~ 4.6
pg/go H P 2 il DX F C3G 2.855 mg/g, P3G
0.491 mg/g, JEJLZ5 1R 0.088 mg/g, 1E T A FE & J2:
I e Y 5 T B A b DA i ARG D A AIG, 5 €3G 0.865
mg/g,P3G 0.162 mg/g, i LA 0.048 mg/g.

R AR A FR-3-O- AW RIS 43 B R (4 AH DG 43

Bras R R, C3G 5 LA R AR SR w , mlH 75 #2
R*2770.639 5(& 3) o XA C3G 7ESE K &
Ao AR B Z IR A0S W (L 28 IR 2 H R
=2 —) o PR, 76 4 50 BEOK G 5% b ST e 4[]
HHEFEEEDEENEIILEBRMAEZEHRNZE
A — R, TG E T S ORIEAT RO S
A .

FE AN [] b R AR 9 A2 B8 A 5557 ORI B 1
— SRV AT N BRI A G ) 22 S K, P 22 R
(2K T C3G P3G B i JR LR R & B 25 e i
S BH T R B | A DX Y SRR T 3
P25 5 (HJRAEFRN SR A B AR Y 3 00 R (]
C3GHFEREMZ R, &R K. PL il
FIB 7K 3 Hiu 1) 46 75 1 F B R 25 A0 & W #1471 i 2
25 HERBRESSEAMC., 6752 M FEHE
Vi R 3 v Y ML DX, AR TR R 2 Ak B W A X

557 $20.004161x+37.09
R*=0.2370 o
EB% 50F °
W 2
23
< <
IHE 45t
-
&2
*Hgt'g 40t
- °
L]
35 L L L L |
500 1000 1500 2000 2500 3000
R AEHER-3-O- R EWEAT & 7t (e glg)
Cyanidin-3-O-glucoside content
068 1=0.0001139x+0.1021
R*=0.494 6
_% hd
Lz
5 04f
< <
g 2
bt %
& .2
£%0a
i
0.0 1 1 1 1 1
500 1000 1500 2000 2500 3000

KB F-3-O- M B AT T /(o glg)

Cyanidin-3-O-glucoside content

REFR-3-O-AEHEHE ML MBI X ED T

Fig. 3 Correlation of cyanidin-3-O-glucoside and phenolic acids
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I ©
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BOKPRETH SRR AR E Z AR A
AR =4y, AR X PR 1 77 e 1) B ELARE AT,
AN AR T RAFARES S AL T TR A . KFAAE
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& 2 B MYB 26 # 5% I 7 80 MYB-bHLH-
WD40 #5752 A A", ik, 65 11 R
RZ B Z R EY AR R R0, FEARFTR
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H TG 22 Ml X R 14 BEOK R C3G %5 B it ey, FRATTHE
T 3 2 v 24 8 R IR T 349 I 3 S 1 5 17 Ay
DXt C3G B 2 o fre (15 1) JE R0 ] R 2 4 b JE g A1
ol H ) PR 2

FROK &R R AL G Y B AW BUER N
FHABL, #ok A 2R REIR RN R WA R . X
SEER W) BT AE S o RS, — R H A R
R R ARG R LSRR BRI BT R A
MR T &R ) — R HAT R SE PR R B 28, A
MERR T T N SR TR S AR i
X AN [ i B AR 1) K I TR IS L5 1 1 i iE AT T e
OIAT, 22 IRAE V2 iR 1) R OK AR it b R R R R iR 2
Py 12 1Y) 5 2 i e, (E R ik DR RE TR I8 1R 5 2 O AN 2 d
TR PR ot e R R Y R R s PR A R Y R 114
JICIE [ 55 G T T W AR B R B, R R R 1Y
T GAARE SR ARG, RS R R S R )
KRIRER A BGE IS ESR L, &z 8] 2 o %
BT AE 5 WE SR SN =R/ 5 % 2 Y =Y
A C6-C3-C6 L5 ML 2 H K S8 R, A= it
A C6-Cluk C6-C3HAMAD, X Fh IS W15
By R AL A Wyl Al e A B R 7 A PR R 3R
BB K B, T BT R R A T R BE B A S Y R
Hb sk

P T AS [R] SBK iy B (B AS A PR B R S 25 K
FE AR IRIE 2 A A Y A7 7e  BUE A
S 5%, AT RESZ B Z R 5, P AR 5 AN T
VA T 1 25 AR B ORI 437, felt B A T I i B,
NGB WK R AR T S R AR
B 1 AR PR I A R A AR A A . AT AR R
PR, S35 PR R IS I TR TE R /K i 25 1F F IR AR,
BT BRI MERR G SR s A R AR g
IR 1) 2 BRI S ) R 5 Bl N AR I A e i 8 2
TR PR AL S 0 X e & e AR N
I S 0, 6 7 (R DR BE K . SRR A 5 SR e )
e s AT PREE | UL A A ) sl ) I R S A
Y225 SR 2N TISTEM R BT A 25 .
Horp ARHIF 9 A BEAG I 2 43 R R 3 1T fi 5 4 JRURR 1Y
PRI BEAT G, SR IR IR 2 WM MERR F1 45 T IR i AT AE
VRS R L AEEORTRE M B I A 5 R AE TR N
P46 LA SRR RR I & ARG, LAk 2E U TR E
Sy 7K Sk B OO P T R 2 7 R 3 M R R A A T )
O]/ S I
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Determing contents of anthocyanin and phenolic acid
compounds in black rice variety ‘Huamoxiang 5’ grown
in different locations with HPLC-MS

YANG Zenan'*,ZHANG Qinglu’, LI Kaikai', CHEN Hao”

1.Key Laboratory of Environment Correlative Dietology ,Ministry of Education,
Huazhong Agricultural University, Wuhan 430070, China;
2.National Key Laboratory of Crop Genetic Improvement , Huazhong Agricultural University,
Wuhan 430070, China

Abstract ‘Huamoxiang 5’ is an excellent black rice variety developed by Huazhong Agricultural
University. We planted ‘ Huamoxiang 5’ in 14 locations including Wuhan, Xi” an, Lingshui, and Ningbo etc
to study the effects of planting locations on the contents of anthocyanins and phenolic acid compounds. The
rice flour samples of ‘Huamoxiang 5’ were extracted and analyzed by High Pressure Liquid Chromatogra-
phy - tandem Mass Spectrometry (HPLC-MS) , and the data were quantitatively determined with the exter-
nal standard method. The results showed that the contents of anthocyanins and phenolic acid compounds in
‘Huamoxiang 5’ varied significantly among samples collected from different planting locations. Among
them, the contents of anthocyanins and phenolic acid compounds in the sample planted in Xi’ an was the
highest, with the content of cyanidin-3-O-glucoside , peonidin-3-O-glucoside and protocatechuic acid up to
2.855 mg/g, 0.491 mg/g and 0.088 mg/g, respectively. The contents of anthocyanins and phenolic acid
compounds in the sample in Huangshi was the lowest, with the content of cyanidin-3-O-glucoside , peonidin-
3-O-glucoside and protocatechuic acid of 0.865 mg/g,0.162 mg/g, and 0.048 mg/g, respectively. It is indi-
cated that the contents of anthocyanins and phenolic acid compounds in black rice are significantly affected
by the planting environment. Thus, selecting suitable planting locations for specific black rice varieties is im-
portant to produce the black rice with high nutritional value.

Keywords black rice variety ‘Huamoxiang 5’ ; anthocyanins ; phenolic acid compounds ; regional dif-
ference ; plant environment
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