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Determination and analysis of main active ingredient of wheat bran from
different origins
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ABSTRACT: Objective To explore the differences in the content of the main active ingredients of wheat bran
from different origins, and to provide a theoretical basis for the subsequent research on wheat bran. Methods Thirty
wheat bran samples from different origins in China were used to determine the contents of betaine, polyphenols, and
alkylresorcinols (ARs), and to evaluate the contents of active ingredient in wheat bran from different origins using
cluster analysis. Results Among the 30 wheat bran samples, betaine content ranged from (10.82+0.09) to
(27.2840.50) pg/g; polyphenol content ranged from (32354.79+26.44) to (73068.27+£15.85) ng/g of total alkyl
resorcinols (total ARs) ranged from (511.05+1.02) to (2186.11£3.17) ng/g. Cluster analysis was used to classify all
the samples into 3 categories, among which No.5 (Qitai County, Xinjiang) was clustered into a separate category,
which had superior content of active ingredients in wheat bran. Conclusion Cluster analysis yielded a relatively
high content of active ingredients in the wheat bran of sample No.5 (Qitai County, Xinjiang), which has a greater

potential for further development of related functional foods.
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WIRIE—2 S BRI A 454, P ALRIRE LR IR,
P00 B Wi Az B, OE N R A DA ZE AL AR . D) Ah,
INFE B R A SR eI IR B B AR 1 Ak, TR O I
PEIP F4  BL 1] %K W (alkylresorcinols, ARs)!OILL & fE T By
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TR NARACHI L SR i B RS A sk, /N Bk R h
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TURH =5 ML 5 1 & B — R AH DG

IRe Pk S F & TGRS SR IBGE T B T £
B, /NZZER R RS B T A RN 22 S P 1) T
e BT I, ARWFFRIEE T & ER R/ 30 ~/NZEk R
FE&L, RTEPE T TEISER . ARs FIZEZEY N & RIE,
i B2 M (cluster analysis, CA)X 30 AR F=HLAY/NE
ER AR R EEEPE S BT R, RN
T /INE B R WS M RO T i 25 e, SRR RIS M A
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1 MR5ERE

1.1 w5 S5EE
1.1.1 A #

INFEER B B HAA LA a5 SWROERE®) .
ARCTERANHL, TC45H, KEAR), IEHIS T I WAME R
Yo AyRITE, 1 80 B, HUEFIARGE XA . Hik
HEWZE 1,

112 & A

(e isal) . 2 (% 4h)(#E E CNW Technologies
A, WRR(Giga, #E SIGMA AT, B TR
98.81%, L5 C8210100, | i %% 256 BH B A A FD);

FHRER (LB 99.21%, #it5: ML210215-03, 26 Stanford
Chemicals 2YF]); 5--LBe A 28 1 (21 = 98%, #it5-
41442-57-3, b AR R AR AR, 5-1
Yot S (B R B (41 = 98%, Hit'5: 35176-46-6), 5- 1 =k
FEMIZE W (Ll =98%, #t5: 70110-60-0)(= R P4 J14:4)
HARBDAIRAF]); 5-Z 4 —ke L EIR B (AE 98.41%,
#t5: 70110-59-7). 5-Z b TbE AL AR B (LR 99.08%,
5 70110-61-1)(ZEE CFWLABS 23 #)); HARHI4 & =
7ol

R NEERBI MG R R &R AT E]

Table 1 Origin and collection time of wheat bran samples
G 7o KRN g5 ML SRAEIA]
1 FEEOtTE 20200601 16 HIRAEFE 2020.06.23

2 PR E 2020.06.03 17 HEEFEGHE 2020.07.07
3 HUERTSIR AT 2020.06.06 18 FEELEE 2020.07.07
4 FEESAE 20200607 19 FEPER 2020.07.07
5 HEmRARE 20200610 20 FEEEZHERE 2020.07.07

6 HEEHEABRE 2020.06.10 21 HEEESTT 2020.07.07
7 BRI
8 HiEAN

9 IR
10 HSEH &
11 HrsmpT 4R B 2020.06.23 26 HiliBEm™  2020.10.25
12 B
13 R
14 B A
15 A REE

2020.06.12 22 HEEANGE  2020.07.07
2020.06.23 23 #rEmsiE 2020.07.07
2020.06.16 24 FiEEEHH 2020.07.07
2020.06.23 25 INZRZEALTT 2020.10.21
2020.06.23 27 BEPEEXGT  2020.10.25
2020.06.23 28 AFAFRHLTT  2020.10.29
2020.06.23 29 VHLIRATT 2020.11.07
2020.06.23 30 WIALFIITHT 2020.11.07

113 MEBELHEE

SQP PRACTUMG612-1CN HL 7 RKFCHEEE 0.1 mg, 1%
[ Sartorius 23 /); MS3 Basic iWEIRG 7. T18 ¥ AL (FE
IKA 23 wl); SK6200HP Ly A el 75 i ot e (35 28 AR ¢
R 5 RN 7)); Heraeus Frescol7 B0 4L, TSQ Quantis 5
OB - = 5 UMK AT B I R 3 B FH AL (3 ] Thermo Fisher
Scientific 23 F); Agilent 1260 JAH (Y . Agilent Eclipse
plus Cg A i%FE(100 mmx4.6 mm, 3.5 um, 3&[E Agilent /A
]); YMC-Triart Cg 3541250 mmx4.6 mm, 5 um, HZAS YMC
/\T]); Waters BEH Cg {0154(100 mmx2.1 mm, 1.7 pm).
ACQUITY UPLC HSS T; ffi%#£(2.1 mmx100 mm, 1.8 um).
Waters BEH Cg (3% #:(100 mmx2.1 mm, 1.7 pm)(3E[E Waters
A 7]); ExionLC AD = BABARIX (2 [ AB Sciex 22 7))o
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1.2 LWHEE
1.2.1  #EBAZNEF %

%2 T/SDAQI 040—2021 Ak EEEmm e &
BT AR (B T % ).

FESRALEE: Sy BIRSBERR /N E BRI R 0.2 g 2 10 mL
Fe A R, i 70% B B A 30 min, B EIEWGL 0.22 um E
JEE G B 20 ul i 70% I ESE R 2 10 mL B840
HSFRI

PR R B 70% B ESEEC ST AL R 4 200 ng/mL
1A SRR T i T VAR

WA 54 R TSQ Quantis =y 0 RAH- = H DU AT
FRIE T TR Waters BEH C g (ai45:(100 mmx2.1 mm,
1.7 um)FEATRGEIN . FSIAE A W2, WA B A& 0.1%
F R K VAT, BREEVEMG: 0.0~1.0 min, 5% B; 1.0~2.0 min,
5%~95% B; 2.0~4.5 min, 95% B; 4.5~5.1 min, 95%~5% B;
5.1~6.0 min, 5% B, ik 30°C, HEh#AERIREE: 4°C, #F
FEMRFRL: 10.00 pL, Ji5#E: 0.3 mL/min,

JEE 4R DL 2 E N W (selected  reaction
monitoring, SRM)1E & F 15 (positive ion mode, POS)i# 1T
JRTEA AT o HLIGE 55 B I (electrospray ionization, ESI)Z 4L
lf FEAE R 21V, WEBEHE 66 V. BT WS R
+3500/-2500 V, B 35 Arb, BTEBERIE: 325°C,
AR 350°C,

122 Z®8aEFix

22 T/AHFIA 005—2018 RIS H A i 8
Z M IINE G WA /N2 Bk B vh Z2 T 1) 5 ik

FEARANEE: S BIRERFRAE 2 g /INEBRRRIAR, JIIA 50 mL
70% BRI, SO°CKISHEE 2 h, B b3 R AS R L R AR -

B O B bR IR 2 A2 70% 2 BEA 1501
Behl R R 0.1, 0.2, 0.5, 1.0, 2.0, 4.0, 6.0, 8.0 pg/mL
P F TR ARV S VRS, AR AR s ot V3 V190 T o VR (X
IS AR AF W' BE AL ()2 Tl b 2%

ZW S B 200 pL BESL AR, A 4 mL
10%BRBREIEI, JIIA 0.8 mL f@AREHEH, IIKEZZE 10 mL,
IRAT, 50°CHREGIN 1 h, 7E 765 nm I Tl WOk S

(optical density, OD). FRAR bR 2k 7 R i1 i /N2 Bk je
LRE AT
123 ARs M & % ik

FESAEFR: NGB FRE/NZ BRI A 10 mg & 10 mL L
AR, M G AP 30 min, B EWEEE 0.22 pm JEE
EHRER

o o i T < PR Y A R R RN 50 pg/mL (1)
ARs RFIARHEM: 17-ARs, 19-ARs. 21-ARs. 23-ARs,
25-ARs,

AR GRS S5 R Agilent 1260 R0 AR (3% F
Agilent Eclipse plus C;g 4%+ (100 mmx4.6 mm, 3.5 um)i
AR o i SIAE A R, S hAH B A7 0.1% KIS, i
ATHB B : 0~4 min, 15% B; 4~8 min, 15%~5% B; 8~13 min,
5%~0% B; 13~34 min, 0% B; 34~35 min, 0%~15% B, 4l
PWke: 280 nm, FEI: 40°C, A BhUERERRIEIE: 4°C, UEFEMAR
FL:10 L, %iEE: 0.500 mL/min,

1.3 #HIELIE

B T A B8 2% ] Microsoft Excel 2016 #F47483T .
WG BN, A B EZNE 3 K, SRR
FHP bR e 22 3675 o 8] Origin 2019 Fda 2 &l 4 #r
WA AT G R 2, %R IBM SPSS Statistics
20.0 SR AL TR, FEhRIA AR ES RIS
P, 2RI

2 HER55H

2.1 HFWE=E

RIS OE — FhE A h T2 A KRR, %
JTRE A BE 1D R A B, IR HERE BT A Ak A%, D82 RE i AR
BB FER R G E ARSI A 1 L RR S RARAE A
TR L 1~2, RGeS R IR 2. LR EM, kA
AN HII 30 AN/INAZ R ERE L S A RIS, TR
Hi/NFZ KR RIS B AETE2E . 3R 2 BdE T A,
FH SR A Y B 76 (10.8220.09)~(27.28+0.50) pg/g; Hr,
15 SFE S R BR A 38 B ) 1 /INZZ Bk e rh RSl ) B B e,

5 1.4x10°F 052 6.0x10°
1.0x10 Lax1ok 0.82
vin
8.0x10 1.0x106F 4.0x106f
S i & g ox10° &
g po £ 60x10° g
& ¥ 6.0x F =
4.0x10° . 2.0x10°T
4.0x10°F
4L
2.0x10 2.0<10° \J
0 ' : 0 : ; 0
0 1 2 0 1 2 0 1 2
B BF )/min AR B4 F ] /min R B [A)/min

B 1 EEE TN (118.100/58.000)25 [, ARAESFIEE & (43 A
Fig.l Chromatogram of quantitative ion pair(118.100/58.000)blank, standard and sample
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0.82
6.0x10° | 0.82
4.0x10*t0.00 ' 2000000
& & 40x10°f &
= = =
£ p0x100t & ¥ 1000000
2.0x10°f
0 L . 0 . . 0
0 1 2 0 1 2 0 1 2
R B 5 ) /min R BR B 61 /min LR B I i) /min
B2 BFXF(118.100/59.113)%5 [ARR M . AR ifi S FIARE & € R 4]
Fig.2 Chromatogram of ion pair (118.100/59.113) blank sample, standard and sample
2 A2 #3 TRREREFHRINERMNESESR
Table 2 Content of betaine (ng/g) Table 3 Test results of gallic acid standard with different
) ) ) concentrations
P #iSRmMER S fiSRmEE 7S SEEmEE
FY FiRWE/(ugml) OD S FiEWKE/(ug/mL) OD
1 10.82+0.09 11 16.67+0.09 21 26.64+0.13
1 0.1 0.0214 5 2.0 0.1077
2 15.91+0.38 12 16.39+0.28 22 25.65+0.30
2 0.2 0.0254 6 4.0 0.2085
3 16.71+0.08 13 19.32+0.21 23 26.15+0.45
3 0.5 0.0403 7 6.0 0.3233
4 18.16+0.11 14 18.66+0.25 24 20.19+0.37 4 1.0 00617 8 3.0 04173
5 22.93+0.21 15 27.28+0.50 25 22.91+0.18
045r
6 23.73+0.38 16 18.66+0.25 26 18.24+0.17 040+ ..
7 21.5620.54 17 14.54:0.14 27 21.95x0.01 0.35r o~
0.30F
8  20.170.12 18 21.14+045 28  23.74+0.13 ﬁ 025k
2 o0k . Y=0.0506X+0.0128
9 20.28+0.14 19 17.98+0.15 29 21.59+0.05 % 0'15 | ; 77=0.999
10 1427£0.19 20  21.49+0.04 30  25.29+0.12 0.10f L o
0.05F o
O * L Il L 1 1 Il 1 L J
HRIE 21 SHF A CHrsms AN Fl 23 S e Chr s 4 2 o 1 2 3 ﬁ“ s 6 7 8 9
. - e WETIRIE
(R /N F2 5 e RIS S s, DA b I Ry .
SEIX, HRAMYILAFE R (25~30 5 S R, RIS N A E

Fig.3 Standard curve of gallic acid

{ELAT ik (T oA BT S 8™ X, T MU TE B AL g 1
SRR L CHT SR AL Bl /NS Bk B rp SRR 1 BRI

L5 BT, 30 SRR SR TS S R RS
SR > SEANAEH > BT gRAbE . HEI AT AR R g e X
AR ZE R, H RN ] S5 PR R 3R A T/ A2 2k B i
Bl i) SRR, AL TR O TR, A TN B B

x4 ZBHMEE(e/e)
Table 4 Content of polyphenols (ng/g)

Z W Fs Z W

Z W

75

1 32354.79+26.44

—_

1 47859.28+17.85 21 48425.95+19.23

e . 2 35857.65+16.43 12 33357.68+14.72 22 49801.11£20.39
BN g o
A 3 36324.26£23.77 13 56108.57+18.97 23 48893.69+19.29
22 ZEEE
. . ; N 4 47632.37+17.99 14 44427.19+20.75 24 45829.28+23.73
W ARG R H, Ayt 2Ry R EA B
% . PUAALBITRL, SO i LA B 1 TS A 2 S ER T 1 5 73068.27+15.85 15 55835.48+19.08 25 59228.57+22.38
ER . X FREE s M A, nll s H kg R i £ 6 53385.48+24.87 16 54987.85+20.87 26 46323.17+19.10
By Sl R LD Y S RIESS R ILE 3, % 7 45579742452 17 39902.40+16.51 27 47612.49421.98
i e e 25, N
BFERARMEMZAILIA 3, AHCRELr=0.999 LAEAIC RAF . 8  36019.27+20.58 18 49837.41+20.83 28 43998.30+£23.10
B 30 NM/NEF M R 2B S, SRR 4, hEE
- o . 9  49147.58+19.87 19 48947.59+19.73 29 52287.19+23.72
4 WAL, ONTE] 7 R /N 22 Ek R TR 2 W A TR (32354.79+
10 54796.52+21.74 20 49702.58+18.54 30 43321.28420.31

26.44)~(73068.27+15.85) pg/g, HH 5 SEM A 5 H)
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B/NZ AR B B 2 B e d e, 25 SRR (LI AR SR BT Y
W, 1 SHER CRTSRAR T ) B /INA Bk B vp 22 W 5 B Fe IR

/INZE R BZ FR i) 2 Wy 2 ) IO R A A o i B
Pk PR 342 2 T A Y E S RIS SR AT L, 30 AR
hE B SRR R FRBEREE D X > BT IX,
Horp i )™ X 200 Tl Rl 2
SRR L BB ZERAF N Z A TN A2 Ak B A e
ZWIIR R

23 ARs & E

ViR /INAE R B A= AR ik, ARs HUA Z R A= 3R )
Tk o AMRET P, 70 RETE H o 8] N = BRI
TR, K445 /N BB H B IRE, $25 ARs AR
L, A AR AT R I 25 11 IR B30, T AR
FUBIE S T, 08 1.2.3 7 EE0E ARs 5, 45
F 5. AFF=HI /N H C17-ARs & FE(0.7240.12)~

(45.9240.59) pg/g; C19-ARs & H1E(71.81+0.39)~(433.97+
4.57) pg/g; C21-ARs 7 (314.41+3.29)~(1332.744+1.97) ng/g;
C23-ARs & B 7E(79.35£2.39)~(330.09+0.26) pg/g; C25-ARs
O B 7E (14.04+1.34)~(80.46+0.51) pg/g; . ARs 7 & 7F
(511.05+1.02)~(2186.11+3.17) pglg, Hrf 5 SR GHriEar
BEYM/NEZR B ARs e, HUOR 6 SR A
B R BRI/ NE R T ARs B A8, | SRS R
T E Rk

2L A SCRR T AT, N ARs B R EAR B/
FE RN IS, PRk AR R B /N L E g
ARs FiWEE o L MERA R ATAL 30 AL ARs i
KEGEHE R Frasdtem > SAMbIX > HipEmE. Fimda s
B HARFERESERINARIGH X, 7 T i 2 15 b,
TN TR, CRFEL, 2 gL E SR TN ER
WeFE gy, PR/ N BRI LA, ARs &2 thE s

&5 ARs 2E(ng/g)
Table 5 Content of ARs (pg/g)

haca C17-ARs C19-ARs C21-ARs C23-ARs C25-ARs M ARs
1 0.72+0.12 71.8120.39 314.4143.29 79.3542.39 44.76£0.36 511.05+1.02
2 12.53+0.36 167.43%0.80 593.56+0.60 140.93+1.02 27.21%0.88 941.66+1.73
3 10.26+0.08 180.61%0.36 636.44+1.90 141.87+0.83 34.78+0.51 1003.97+3.52
4 26.5642.93 300.27+8.55 979.06%1.29 218.74+0.30 61.21£0.59 1585.84+7.19
5 45.9240.59 433.97+4.57 1314.96+8.43 330.09+0.26 61.17£1.02 2186.1143.17
6 37.34%1.16 355.03+8.29 1332.744+1.97 289.4620.16 66.8020.29 2081.37+5.31
7 28.31£0.42 281.8620.50 1038.75+7.13 249.53+1.39 55.73+0.12 1654.17+8.56
8 18.69+0.46 268.79+8.99 849.31+0.42 228.120.50 53.48+0.32 1418.40+10.71
9 30.39+4.03 326.91+4.39 1223.32+10.13 291.68+0.90 70.2040.12 1942.50+8.99
10 10.81+0.14 165.48+0.08 597.90+0.98 147.48+0.88 34.74+0.71 956.42+1.08
11 17.01+0.08 239.2645.96 804.84+0.66 196.44%1.63 48.80+0.94 1306.34+6.06
12 9.06+0.26 161.6620.77 591.31+0.20 149.9040.35 29.38+0.39 941.31+0.26
13 30.47+4.24 309.83+0.61 1071.35+0.67 262.54+1.51 65.34+0.24 1739.53+5.44
14 18.89+2.07 268.89+4.31 971.90+1.24 270.73+0.20 61.30+0.26 1591.71+7.78
15 21.20+0.12 323.06+4.02 1219.04+0.42 317.66+0.79 80.46+0.51 1961.42+4.85
16 11.67+0.10 198.93+3.22 797.99+1.36 170.39+0.87 42.15+0.22 1221.1345.56
17 6.91+0.30 136.8120.67 467.5120.20 140.54+1.19 21.73%0.00 773.50+1.37
18 17.4620.57 250.60+0.59 874.49+0.88 210.32+0.86 51.6240.49 1404.49+0.49
19 13.20+0.10 215.9240.24 896.66+3.75 212.2040.67 51.62+0.96 1388.60+4.18
20 19.99+0.14 256.7342.02 1058.22+1.08 254.1641.68 62.70+0.22 1651.79+4.41
21 15.87+1.00 265.16+20.83 938.75+0.38 210.08+1.69 51.68+0.22 1481.54+17.98
22 29.65+0.42 282.80£0.20 1154.73+1.77 242.5622.31 74.65+2.45 1784.38=0/92
23 21.05+0.18 285.79+3.42 1153.89+1.33 247.2041.47 69.66+0.06 1777.59+3.52
24 8.8420.14 172.9120.08 771.88+0.04 192.38+0.38 45.05+0.46 1191.0620.02
25 2.80+0.08 123.78+0.26 443.09+1.04 90.7842.19 21.2540.12 681.70+3.17
26 3.85+0.16 88.53+0.75 418.8241.67 95.55+0.59 14.04+1.34 620.51+3.01
27 17.79+5.53 186.39+3.21 689.82+1.94 166.35+1.57 34.09+1.13 1094.44:£4.09
28 9.88+0.14 190.90+0.38 766.24+0.00 167.00£0.06 54.80+1.02 1188.83+0.84
29 15.37+0.20 258.210.08 953.89+1.26 218.4340.43 53.1120.14 1499.10+0.41
30 19.10+0.06 255.6042.32 1007.85+0.86 219.2241.08 54.5020.34 1556.2643.97
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24 BED

KA SPSS 20.0 B PEXT 30 ANAS[A] 7 Mt /N 22 Bk B R
T RS CA, G ILE 4, MERCIEESY 12.5 B, B
INEEFEREG AT A 3 R, Hidh 5 SO 12, TR
EEEN 1525 .35, 125 175 26 5 052
X, MR G ERZ 45, 65, 75,85, 95, 10
L5, 135,145, 155, 165, 185, 195,
205,215,225, 235,245 255, 275, 285,
295 30 5 OMEE 3 2%, TEMER O AR K

LEL R AR A H B L B AT, BramAa s BT
RANARACHE, Brom2E B4 F R IV R 8, f b ml 96 4
RS R, R AT /N B 227 A R L L ik
FIHLIX , B, FE—ERRRE L, AT HERTAS R P ) S
LG S X /NFE R TR A A3 B T R

R R R R AT
0 25 50 75 100 125 150 17.5 200 22.5 25.0

I I I I I I I T U

B4 AR H/NE Bk BRI SRR T

Fig.4 Cluster analysis of wheat bran samples from different places

3 Wit54%R

TE i I 5 Hh 22 B X /N A2 B/ A2 Bk Bz v o 3R I o
{00 T RETT A R ERAR 0, e B X 43 2R 10/ N A2 Bk B
FI PR BT A SR SRR S o AR ST TR e
filt, XAl 7 AN G AN TR X B 30 A/INAE AR A i v
22 B S R TIE, FEXTHEE T CAL M CA,
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