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Abstract: [Objective] In order to study the effects of germination on the mass fractions of phenolic acids in
black wheat, a method was established for simultaneous determination of 11 phenolic acids (gallic acid,

protocatechuic acid, 4-hydroxybenzoic acid, chlorogenic acid, vanillic acid, caffeic acid, syringic acid,
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p-coumaric acid, ferulic acid, sinapic acid, and salicylic acid) in germinated black wheat based on high
performance liquid chromatography (HPLC). [Method] The mobile phase composed of methanol (containing
acetic acid at a volume fraction of 1%) and water (containing acetic acid at a volume fraction of 1%) was used for
gradient elution at a flow rate of 1 mL/min, a detection wavelength of 280 nm, and a column temperature of
25 °C, to determine the mass fractions of 11 phenolic acids in black wheat on the Ist, 3rd, 5th and 7th days of
germination. [Result] The results of methodology validation showed that 11 phenolic acids had a good linear
relationship between mass concentration and peak area within the mass concentration range from 20 to
200 pg/mL, R*>0.999 4 (n=6). The established method showed the limit of detection (LOD) >1.22 pg/mL and the
limit of quantification (LOQ) =2.54 pg/mL for the phenolic acids. The relative standard deviations (RSD) of peak
area of precision, repeatability, and stability were all less than 2.00%, and the average spiked recovery rates were
between 98.02% and 101.12%, indicating that the established method was fast, accurate, and reliable. The
extraction conditions were optimized as extraction with the solid-liquid ratio of 1 g:30 mL and methanol at a
volume fraction of 80% by vortex for 6 min, under which the total mass fraction of 11 phenolic acids in
germinated black wheat was the highest. The results showed that during germination, the mass fraction of gallic
acid in black wheat reached the peak on the 3rd day of germination. The total mass fraction of 11 phenolic acids
was the highest on the 5th day of germination, which was 2.13 times of that in the non-germinated control group.
This indicated that germination changed the mass fractions of phenolic acids in black wheat. [Conclusion] This
study evaluated the effects of extraction conditions on 11 phenolic acids and determined the mass fractions of the
11 phenolic acids in germinated black wheat. The findings lay a foundation for the study of functional components
in germinated black wheat and provide a reference for the quality control and evaluation of its products.

Keywords: germination; black wheat; phenolic acid; high performance liquid chromatography
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Wi y=18 745x-12 244 20~200 0.999 9 1.22 2.54
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Fig. 1 Chromatograms of mixed standard and sample
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Fig. 2 Effects of methanol volume fraction, vortex extraction time, and solid-liquid ratio on the total mass fraction of 11 phenolic

acids
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Table 3  Precision, repeatability, and stability verification results

U fii B RSD/%
i B2 1k & )
WETR 0.74 1.88 1.88
JE LA R 0.63 1.81 1.81
o 5 e R R 0.63 1.03 1.03
25 R 0.49 1.09 1.09
R IR 0.59 1.89 1.89
Wi PR 0.42 1.58 1.58
THER 0.68 1.59 1.59
R 0.58 1.88 1.88
B 2 12 0.63 1.73 1.73
TR 0.70 1.73 1.73
K 1.44 1.89 1.89
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Table 4 Mass fractions and spiked recovery rates of phenolic acids in samples

T o T R A A W R By B

I B AL &4 (ngle) MM & /ug MASE/(ug/e)  MAREIWCR /% FE AR B E/%  RSD/%

20 68.08 102.54

BT 47.57 40 87.05 98.71 100.54 1.92
60 107.78 100.36
40 124.80 100.18

R LA R 84.73 80 162.31 96.98 98.89 1.69
120 204.15 99.52
200 662.92 96.92

X R K F R 469.07 400 863.03 98.49 98.48 1.55
600 1069.24 100.03
40 121.94 98.81

SRR 82.42 80 160.50 97.60 98.82 1.22
120 202.47 100.05
35 107.67 100.30

R 72.57 70 144.33 102.51 100.82 1.51
105 177.19 99.64
15 51.06 101.48

e R 35.84 30 65.44 98.66 100.14 1.42
45 80.96 100.28
80 245.45 96.65

THR 168.13 160 325.53 98.37 98.02 1.24
240 405.85 99.05
15 50.40 100.78

PUEEA 35.28 30 66.06 102.60 100.68 1.98
45 79.67 98.65
35 107.13 101.74

R B 1R 71.52 70 141.11 99.42 100.20 1.33
105 175.93 99.43
150 505.97 102.16

TR 352.72 300 657.18 101.49 101.12 1.28
450 801.35 99.70
80 238.01 96.68

K% R 160.66 160 320.32 99.79 98.64 1.71
240 399.37 99.46

TR ESBE TGS A K EREK,
JRILFB AN T HERR R B R KBS, FEE
2 0 7 SR AN B B R BT R O BUAE R R 1 R B
4 R (180.00+6.85) . (67.63+3.23) . (105.22+
0.53) pg/g: M ¥R FE K IR I+ T R AK R B & 7
BN RFH S RE A, 5 W N (469.07+28.38) .
(352.72+0.62) . (160.66+1.43) pg/g; £ K % & 1~5

K11 Ml R G SR E D BN

(P<0.05) , fE K % 55 5 K fe & » (1 580.52+35.47)
ng/g, & AR R BANFE R RA M 21315, K FH 7
RXAFT T

REZF A BN E RS YN E AW
R BEAE L E R AR 1R, BN 11 R Y R
WEWRT RS KRR T BANES AL,
TC W M 2 5 (P>0.05) 5 Bl 5 K 2F I ) i e K, 2
ANZE 1T B R Y B sl o ) B S I N, Ry
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BIAE 5 3~5 R W IR B K o AR R 5 5 R, 0
2 B R A O 1 IR B O 0 B X T g
oI T A AR AL BB 1 R 2 R AR B T 7T AT
e Bt 1 By R AL & W45 A Wi R P B & A, X S5 TE
AR SOOI AN R it R R 2 R K T B 2R
LN A R MR T ARFHETR, BRT
R R Fe B R R I T RR ANK M R o R B B

F B SWREREARMNUELRFRNES 1 MBERLED

HAamBRammE s i 258 LT @
WG RF A LR AL & Y I AR B
FEAETE 3 R AR U . R 4H i b B R AL A )
25 BRRT 55 B 52 BUAE W) R KRR B B R B e
SRV 2 R AR I T AN ) B T2 A & 0 1) 46 ) A T
BEAS R0 IR UL 5 4 & 2 DR 3t — D T 0 R 2
BNEZ B RS YR > B AR

x5 AFREMNBNER IMHBBRLSYREST BN

Table 5 Effects of germination time on the mass fractions of 11 phenolic acids in black wheat

Ji B (ng/g)
W B2 A&
HFOR HFHIR H3IR HS5SKR HIR
BE TR ND 12.88+2.40¢ 113.8242.92° 47.57+0.46" 39.60+2.52¢
JR LA R 35.45+2.57¢ 59.58+7.83¢ 71.82+2.73° 84.73+5.68° 94.74+2.27°
of 5 HE 2 R 13.17£0.11¢ 17.41+1.14° 79.04+3.29° 469.07+28.38° 452.10+31.11°
SRR 197.50+13.27" 33.00+1.28¢ 188.02+2.89° 82.42+5.72¢ 100.67+6.80"
H R 56.45+4.40" 180.00+6.85° 34.30+4.57° 72.57+4.99° 86.22+3.81°
I 33.51+0.93¢ 63.04+£4.41° 57.47+1.17° 35.84+2.22° 69.46+1.27°
T HR 25.84+2.03° 51.70+4.91¢ 69.17+1.43° 168.13+4.42° 178.26+2.41°
PO ERILy 39.66+1.62" 67.63+3.23° 25.21+0.44¢ 35.28+1.75° 42.64+1.90°
] 2 R 31.22+1.53¢ 105.22+0.53° 55.78+2.51° 71.5245.57° 72.00+3.07°
TR 179.08+8.75° 87.69+4.05¢ 183.72+6.75¢ 352.72+0.62° 235.25+3.64°
K 131.12+£7.91° 134.35+£7.91° 139.85+15.05™ 160.66+1.43° 86.24+2.11°
HBmBRLEY 743.00+43.13¢ 812.51+44.54° 1018.20+34.61° 1 580.52+35.47° 1 457.16£60.92°

TE 2 5 0 RARTR AR B /N2 0 R s ND R R AT E] 5 7] — 47 A FEVNG 5 BEOR %8 5 2 % (P<0.05) .

3 i

PE& R IE T A B B8 B 1 0h R 2 BB/ F2 h
1N FBBRAEWOEE TR VEJLRIR R 2R
FR SR R R A IR UNHERR . T & IR W & SR
B R R  IF 1 R A1 K R ) & i & 43 B s2 ), I
#EAL T A HPLC PRI & 11 Fh 9 18 4 & 0 1 5
] RL RIS R BN S T 1 M BR AL A ) i
17058 F s B Mo R 5F Ak B AT DA idE R /N 22
W IR ) A 1, B A R SF I TR) B G K, SR /N 22 R
MEETRRE > BAAEL3IREBEMH, A
(113.82+2.92) pg/g; 11 Ml R4k & 0 8 5 & 7 2
TERZEE S K, N (1 580.52+£35.47) pg/g, & Ak
RN S R A 2,13 3%, 30X 3R W K 2F Ab B AR
BN FRBAEMR RS HTIERA
B IR S PR A AR e M, LR s, mT A
TRZFBRY S R 11 M E RS Y0 E 25T,
N J Bk BN F7 AR T e I R4 B R NI A R o
T IRMES % .
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