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Abstract: To investigate the changes in the mass fraction of flavonoids in the germination process of black wheat, a
high-performance liquid chromatography (HPLC) method was established for simultaneous determination of
10 flavonoids in germinated black wheat. An Agilent 1260 ZORBAX SB-C,; column (4.6 mm>250 mmx5 pm) was
used as the stationary phase, with a gradient elution of acetonitrile and 0.8% phosphoric acid aqueous solution as the

mobile phase. The flow rate was set at 0.8 mL/min, with a detection wavelength of 225 nm and the column
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temperature maintained at 25 °C . The results showed that the mass concentration of 10 flavonoids, including
puerarin, epicatechin, rutin, luteolin, quercetin, apigenin, naringenin, kaempferol, isorhamnetin, and chalcone,
exhibited a good linear relationship with peak area (R°==0.999 1, n=6) within the mass concentration range of 20~
100 pg/mL. Precision, repeatability, and stability tests of these compounds showed that the relative standard deviation
(RSD) of the peak area was less than 2.00%, and the spiked recovery rate ranged from 98.72% to 102.03%,
demonstrating the accuracy and reliability of the established method. Additionally, the extraction method for
10 flavonoids in germinated black wheat was optimized, with the best efficiency achieved using a hydrochloric acid-
ethanol solution with a 70% ethanol volume fraction(a solid-to-liquid ratio of 1 g : 25 mL), and refluxing at 85 °C
for 90 min. The mass fractions of 10 flavonoid were also determined in black wheat germinated for 1, 3, 5, and 7 d.

This research lays a foundation for studying functional bioactive ingredients in germinated black wheat and offers a

reference for the quality control and evaluation of its products.

Keywords: black wheat; high-performance liquid chromatography; flavonoids; germination
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Table 2 Linear equations, linear ranges, and correlation coefficients for the 10 flavonoids

ALY Ry 2R YU /(pg/mL) R’ i PR /Cpug/mL)
WIRE y=19.341x-13.803 20~100 0.999 3 0.15
KILK#E y=27.447x+6.134 20~100 0.999 9 1.00
T y=25.753x+6.058 4 20~100 0.999 8 1.00
KRR F y=44.989x-5.361 7 20~100 0.999 9 0.21
Wi fz % y=42.563x+10.02 20~100 0.999 8 0.24
LS y=41.155x-27.632 20~100 0.999 3 0.46
ol e 7 y=64.631x+28.906 20~100 0.999 9 0.46
g y=38.697x+15.522 20~100 0.999 8 0.87
FRE R y=27.29x+43.639 20~100 0.999 1 0.87
7 5 y=27.455x+24.923 20~100 0.999 6 1.00
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Fig. 2 Chromatograms of flavonoids extracted from samples using different extraction solvents
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Fig. 4 Effect of different extraction conditions on the total mass fraction of flavonoids
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I 1i] #4 RSD 1 (n=6) 43 71l 4 1.25%1.91%1.50%
1.01%+ 1.68%+ 1.84%. 1.78%. 1.63%. 1.53%.
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1.65% , KT 2.00% , & B #5 H E P R T .
243 ARE

W 1) 2% B (R FE S VA MRAE 24 h W BEFR 4 h HEFE
—UGMBERER RILER T RBEER M
BEOTHREME R SR R REEANAER
IX 10 Foft 3 i 2 4k A ) e T AR K RSD E (n=7) 43 Jil)
N 1.34%- 1.74%. 1.71%- 0.93%- 1.04% 1.96%-
1.14%1.95%- 1.86% 1.20% , ¥J ik T 2.00%, & ¥
BE SR TILE 24 h N B E 1 R AT .
244 iR E

s R W e A R WK 3, R R R

R3 MAREWERRIEER(n=3)
Table 3 Results of the spiked recovery test (n=3)

& Bef b &R B/ug AR E/ug WA )5 & /pg U 2 /% S R /% RSD 14 /%
0.800 2.414 100.25

BRE 1.612 1.600 3.188 98.50 99.40 0.88
2.400 3.999 99.46
0.300 0.904 99.67

RILEFR 0.605 0.600 1.213 101.33 100.19 0.99
0.900 1.501 99.56
0.200 0.540 100.50

BT 0.339 0.300 0.649 103.33 102.03 1.40
0.400 0.748 102.25
0.200 0.612 100.50

KRB F 0.411 0.400 0.817 101.50 100.44 1.08
0.600 1.007 99.33
0.100 0.328 99.00

ik e 2 0.229 0.200 0.432 101.50 100.28 1.25
0.300 0.530 100.33
0.150 0.427 98.67

3 0.279 0.250 0.522 97.20 98.72 1.56
0.350 0.630 100.29
0.150 0.325 98.67

ol e 2 0.177 0.200 0.379 101.00 99.09 1.56
0.250 0.421 97.60
0.020 0.063 100.50

1l 25 1 0.043 0.040 0.084 100.75 99.86 1.33
0.060 0.102 98.33
0.001 0.006 100.00

R 0.005 0.005 0.001 98.00 99.33 1.16
0.010 0.015 100.00
0.200 0.580 98.00

75 H- 0.384 0.400 0.779 98.75 98.75 0.76
0.600 0.981 99.50
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ILHEER T ORBER MER.TFHXER.
MR EB R RERME T
o] Wi % 4 98.72%~102.03% , H. RSD {8 ¥ ik T
2.00% , 2 B 1Z 58 1 R B B R W i U5
T B R4F .
25 RFBNEFIOMEHLXUEYRESH
KR ZF I ) X /N F2 Hr 10 B3 B 2K A Y R
BT MK, SRRENBAMLL, B
INEAE R F G PR T KRR B R B G R
) 1R A8 A, 7E 55 3 R I A W HE YA e 3R bl R R
M ZEBHERFRESKNABELERRER
Al B R L AR 2 OM A HOE 5 & g B A
RFI~5dEF LT HAAESE TR EF T E.
FERBRESNEREITIEE L. B TH
BEOBMERFI~SANER FRE LT MBS,
HAER G 5 RIEBNEME , N 172.27 pglg, X 5%

F F%: HPLCRMKEMNAF BN ZD 0 AR AN ENEL

£ 55200 R 2 R T TR 4 B0 AL i BT
FOEE R BRI E 10 b3 A R AL & W AE K
ZFH 5 ORI RN e e I B, HOAS R A2 I
FRRESHERKER. ERKFK1~5d, 5
FORZE I TR EE A, BB /N FE R 10 3 B 2K A
W E R B E N, B R, X R
72 D5 K R 40 M BE R S ) R S Ak S W AE
B R v A R R T, LR F OIS T B N R R
OB R AL S A R OC B L X5 H AR BT T
FHUCUIRF G R — . (HIER F T KA, R
/N 2 B SR AR S R R R R D
W R &Y & R AR K 2 RN, IR
YOI A RO A 2 AN e Sk R AE R i g R, R
PR R 7 3 — DR . ZR BRT T, RS AL P AR
fifg Y S5 o AR /N S I 10 B B A 2R AL S I A
i K S5 oy A

R4 RHFMREIXBNZP ORI UEYRE S BT

Table 4 Effect of germination time on the mass fractions of 10 flavonoids in black wheat

_— BIRE  RILER = KEFER  WEER FrEHR i WM HRER AHEW pSYrigs
B [il/d S RESEY HESR ESE WES R RESR RESE WESH WEsH mEsH rEU
(ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (nglg) (ng/g)

291.23+ 70.98+ 150.37+ 44.67+ 4211+ 598.68+

3.62° 2.77¢ 0.98" 0.71° 1.59¢ 1.54°

. 363.96+ 72.11+ 146.35+ 27.05+ 48.73+ 56.47+ 714.67+
5.66¢ 1.32¢ 2.13° 0.30¢ 0.55¢ 1.21° 8.58¢

; 558.27+ 130.40+ 149.74+ 104.06+ 21.99+ 106.07+ 58.10&  40.72+ 164.67+ 1334.03+
6.13° 1.749° 2.14° 1.81° 0.40° 1.25¢ 0.90° 0.54" 2.36° 16.08°

S 787.70+ 183.68+ 17227+ 21830+ 117.10+ 140.10+  230.32+ 40.12+ 28.34+ 187.86= 2 105.78+
3.22° 4.94° 3.84° 3.46° 1.14* 2.12° 0.43" 0.71* 0.60" 477" 25.69°

639.69+ 139.35+ 150.13+ 155.58+ 27.23+ 197.34+ 108.29+  40.96+ 23.66% 5924+ 1541.48+

5.38" 2.30° 2.33° 1.18° 0.35° 2.88° 1.70° 1.13" 0.47° 0.31° 16.82°

T 20 d R AR A /N ZE X IR AL < — " FOoR R A I B [ S RN G 7R RO 72 5 B 2 (P<<0.05) .

3w

VEFARAL T R 2 B/ v 10 b s I 2R AL 5 1)
(IR EL T 5, I 857 T HPLC HUs #2812 25 %L
FERT RBER MER TR ER LS
Ty S B4R 2 2 ELE 10 MBI SR AL & M ) O W]
DA B 6 2 2 SN 32 10 B B R 2540 A kAT
BOM. BAh, R ZE1.3.5.7 A BN FE 10 Fh

TR A A D)0 B A B AT E . SRR, R
Ab BT DL 3 (i ik RN T OR R B B M Rl
FLEMA T RERMARGBRTRESIL SRR
A, Ay 8 o v W 2K Ak A W 5T B o BAE 5 5 R I 350K
P, Frp B AR 2 R > B, N 787.70 pglgs
FERERA RS HRAM, V2834 ng/g. KHFTd
I, S 3R T o> B dk 2 T £ 197.34 pg/g, i Ll
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2% Wy ot B O MO AR DR RF AN AR, LA 8 Fh s i SR AL &
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A2 RN ZE T SR AL A Y R SRR .
WU R ) 05 35 AT 0 v (1 A A 2 R T S R4
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