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Differential component analysis between Fructus Tritici Levis and Triticum aestivum based on qualitative
and quantitative methods

LI Xuejiao"?, HU Yu"?, CHEN Yun', SHANG Juan"?, LI Zhenyang"*, FENG Yunhua"’, ZOU Jiandong',
YAO Weifeng®, LU Su', XU Meijuan' (1. The Affiliated Hospital of Nanjing University of Chinese Medicine,
Nanjing 210029, China; 2. The First Clinical Medical College, Nanjing University of Chinese Medicine,
Nanjing 210023, China)

ABSTRACT OBJECTIVE To analyze the compositional differences between Fructus Tritici Levis and Triticum aestivum, and to
provide reference for identification and quality control of both. METHODS Twenty batches of Fructus Tritici Levis and three
batches of 7. aestivum were collected, and their fingerprints were acquired by high-performance liquid chromatography and the
similarities were evaluated by the Evaluation System of Similarity of Chromatographic Fingerprints of Traditional Chinese Medicine
(2012 version). Cluster analysis (CA) , principal component analysis (PCA) and orthogonal partial least squares-discriminant
analysis (OPLS-DA) were performed to analyze the difference of Fructus Tritici Levis and 7. aestivum from different regions, and
the differential components were screened. The contents of the six identified components in Fructus Tritici Levis and 7. aestivum
were determined. RESULTS The similarities of the fingerprints of Fructus Tritici Levis ranged from 0.928 to 0.996, and the
relative similarities of 7. aestivum with Fructus Tritici Levis ranged from 0.761 to 0.773. A total of 19 common peaks were
calibrated, and six components including linolenic acid, linoleic acid, 5-heptadecylresorcinol, 5-nonadodecylresorcinol, 5-
heneicosylresorcinol, and 5-tricosylresorcinol were identified. The results of CA and PCA showed that Fructus Tritici Levis and 7.
aestivum could be clearly distinguished; the distribution of Fructus Tritici Levis from Anhui province was relatively concentrated.
The results of OPLS-DA showed that linolenic acid, linoleic
AEETR FE%KARBEIEA T 1T H (No.82374005) ; VLI acid, and other six unknown compounds were the differential
PR ZGRHE R TR HL T H (No.ZD202206) 5 i it S 25 R A 48 components between Fructus Tritici Levis and 7. aestivum. The
Fh 23 4 57000 H (No.XZR2020015) 5 VT IR AIFSS A Stk 17 114 5
H (No.SICX23_0750)
* E—EE WA . W5 ) TP 2GR0 BT S BT bR
. E-mail:lixuejiao1025@163.com
#ABEEEE BISE 5 B AE S0 T BFSEJ7 i Th 2 250 5 and linoleic acid in Fructus Tritici Levis were significantly
FER 5 F bR . E-mail: windcolourl 1@126.com higher than those in T. aestivum (P<<0.05). CONCLUSIONS

average contents of the six identified components in Fructus
Tritici Levis were 0.100 9, 1.094 0, 0.005 1, 0.030 9, 0.098 2,

and 0.024 8 mg/g, respectively; the contents of linolenic acid
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The established qualitative and quantitative methods are simple and reliable, and can be used for the identification and quality

evaluation of Fructus Tritici Levis and 7. aestivum. The identified differential components, such as linolenic acid and linoleic acid,

can also provide clues for the differentiation and pharmacological study of Fructus Tritici Levis and 7. aestivum.

KEYWORDS Fructus Tritici Levis; Triticum aestivum; fingerprint; content determination; chemometrics analysis; differential

components; HPLC
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84 il 192211201 AR H IR AR

s 125 (1 21101421 WEL A RAR
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87 T 01101 TR AR AT
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PLZE (A)-0.1% B R 75 W (B) M It shAH 1E 4786 3 TR A
(0~4 min, 30%A—45%A; 4~20 min, 45%A—80%A ;
20~30 min, 80%A; 30~50 min, 80%A—90%A ; 50~
55 min, 90%A—30%A ; 55~65 min, 30%A) ; i # K 1
mL/min ; K0P A 210 nm (T4 8C R 18 20 K 53 5-
T e FE ) 2R 8 A0 ) FL A B 43 i ) R 275 nm
(T 5t JUBe L M1 A il a2 ) s AR 4 40 °C 5 1F
FEHN 20 rLo
22 BEHEE
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JRE )R M ot B O e RS AR, B TR — 2 i
T B8 i I R 25 i 0B £ v J32 43+ 391) 4y 50.0,500.0
10.0.26.5.63.0.,20.0 wg/mL AYTRA X IS IR
2.2.2 M HER R I A

K FREOTE /N BN R (380 Hiffi ) £ 1.0 g,
BT EIEHIE M R I 10 mL L, I35 IR, 8
7 (I 250 W, H% 40 kHz) 15 min, J04 , FRE B,
P 2 B 2 9 B, PR35 1 mindR4AT, 2R 0.45 pm 73
FLUBRE NG, SEHCIEW , B15
2.2.3  FrEill e Hh R i A

KB PRI /N2 B/ N EE R R (3 80 Hfi ) 29 1.0 g,
BT REMIR R %A L B8 10 mL, 4k 5 15
A7, MR (TR 250 W, 455 40 kHz) 15 min, 3853 5 & 7 ]
40 °CEAM A, A 4 mL (FE/NZ2 60 i ) 35 2 mL
(/N VS ) F B A2, 4R ¥ 1 min YRS, B (T
2250 W, #1540 kHz) 15 min, % H 0.45 wm {3 L 78 B
DAL, SRR, RIS
2.3 FINEFNER HPLC EMESHT
2.3.1 RN ARBURIS N W T TE AR S 5

(I FE% T BRI 25 R (S19)29 1.0 g,
KB FRAE , #2.2.27 TR J7 ¥ il £ 8 P 43 A i i v
W, 3 217 WUF gk SR B2 A 6 IR il ik A
DI T PR U (06 3) Sy 2 MG | 1345 45 A W A X R B
fsf 1] 1) RSD #4171\ T 0.15% | A %) U6 1 BR (1) RSD #1/hF
2.64%(n=6) , RIWNZ T IENG B E R AT

(2) e M O/ NZ 25 B R (S19) 29 1.0 g,
KG9 PR, #22.2.27 TR 77 1 il £ 2 M 4 A 3 T
W, o B TR A 5 19 0.3.6.9.12 .24 h % “2.1" T
O SRR e ST LT R I (14 3) 2y
2 MR , T A5 A A I AH X7 B B[R] % RSD ¥/ F
0.36% . A1 X 1% i1 FL Y RSD 217N T 3.48% (n=6) , £ ]
24 h NI R RS P R AT

(3)FEE ML BUF/NZ 25 R (S19)25 1.0 g,
FERPRE  #522.2.27 T T J - PAT 45 6 10 1 43 B 1k
TR, F 2.1 I i S5 R HERE DN , e SR ]
DI T PR e (06 3) Sy 2 HRG | T35 45 A e A xR B
i 18] Y RSD 3478 T+ 0.99% | A Xt 1 T A2 % RSD 21/ T
2.96%(n=6) , RIZ LRI R,
2.3.2  TR/INEARBURI TS S SR BTN

B0 I TF /N YA, $52.2.27 00 R J5 il 25 /e 1
BT HE S, 32 1 T B A R AR I A L e SR 6
TR PR 20 LR/ N 2R 1 i 1R T AT 2
6 SUETEALEE PEOT R 48 ) (2012 i) , LARE Al S19 (1 &
T RS IRENG , R AR A R AR S KT R, 4 2
SUREIE S UEAT H B VLA es 20 i (B 1) , FE11H 54
IR . S5 RoR, 20 PR /N AR S LA E T 1943
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I REAR LAY R S0) (2012 i) , LATR/INAE o) B 4 514
TR NS R N (] 2) IS AR . 452
R, 20 L/ NAE Y 19 A gt /N BT LA /N
A IR NE BRI 9 0.761~0.773 , $ 75 /N A 5 /N
AR —E 225

0 5 10 15 20 25 30 35 40 45 50 55 60 65

t/min

B2 3#t/NEFREHPLC EMELFZE/NEZ TR
IBYEER
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T (0 6) (5~ JUAE R AL R )y (W 11) \5- e dk
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DL 3,
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(2) 43437 (principal component analysis, PCA) ;
K 20 LT /N F2 TN 3 L /N 2 R il i) AT e U T B A
SIMCA 14.1 4, 54T PCA . 44 500405 U5 — 1k b 2875 481
G133 PCARAL, 25 R 7R BERL Y X M SR e g
NZH(R'X) R 0.818, T GE S Z40(0°) K 0.574, 1]
AN RE ) R4, 115 i PCA T4 IS5 A
3L/ B AR B AR 7 R BB TR N A
IR, 5 CA G REA 5,

8 —6 -4 -2 0 2 4
q1]
E5 20#LiFNEMSHNERNPCAESE
(3) 1F 2 i e /N — 3 12 #4031 43 Bt (orthogonal partial
least squares-discriminant analysis, OPLS-DA) : Kyt —3
RIY 22 S Y, ARS8 20 41 R /INZE I 3 41/ il 3t

LG 2024 AR5 35 455 11 4]

A W0 T R R A AR E AL AL B PR AR v AR A B Y B
A SIMCA 14.1 8, # 57 OPLS-DA #71 , Z5 1L 1
IR EIES B R°X=0.823, YAE I St Bt
ZHU(RY) 9 0.905, 0"=0.669, 1t I FiT dAF U m] 5 41
L OPLS-DA #7819 - 35 47 g (1 45 i 1 % 1 43
(variable importance in the projection, VIP) {H , L ¥l 6.,
DL VIP>1.0 i e bmife , i ik th 8 4> 22 5 Wl on , Kk Ry
19.1.5 20 KER ) .7 3(WIHER ) .8 18 ok, fii ]
GraphPad Prism 9 A4 %) 2 Fif i b VIP {E HERT 3 44 /9
22 (O TE I (191,55 (%) (46 i AHLEAT LSD-1 45
b, KB K HE «=0.05. G5 WoR, TF/ANET19.1.5
ST I ) S S T AR R 272 933,110 465,72 082,
P8 2 KT/ N it X I B I T AR (53300 105 617
55 048,47 420) (P<<0.05) , #f— 5 £ B X s fa ik 14 1] fig
SRR/ INAE N 122 R LT o

VIP{H

191 5 2 7 3 818146 9 4 16 1113 17 1210 15
25

E6 ZINEHNEIINEFIER VIPE

2.4 FINEFUNEFFISARSHESENE
241 JikepEg

(DA RFEEE 53 RO KR 2R | 5- 1
LBEREHIR i 5-t JUGERE AR -y (5-— b L ]
IR T AN 5 e R ] R T X RE A 10.03,100.06
1.02.5.30,12.62.4.04 mg, 43 & T 10 mL 25 &5 4, H
PR T e D R 22 200 32, o o Jo i e 35 43 1] Oy 1.003
10.006.,0.102,0.530 . 1.262,0.404 mg/mL [] &L — X} B 5,
WL, A3 RS B B b 6 B — 3t B A RO e,
Tl 10 mL 2 s rh , i P s e 22 20 B, T BTV R
FiR SIIMER | 5- b SE I 28 ) 5-F JUbe kA 2R
5- e BL ) R A 5= = b A R Tk
BE 4351 100.1 000,10,53,126,40 wg/mL FYTR A X 1
Fn VAR 5 PP T BB R LU B LR 91 o VA B (RS
Xef FE it V8 VR (A STV JRR 122 19 Jot 2t V4 25 4331 >4 100,50, 25
12.5.6.25.3.125 pg/mL) , #%“2.1" Tl o35 2 A4 2645
FE o LA RS A% BT ok B (X0 B AR A L TRTER (Y) A4
AEFRUEAT Z R [0, 75 21 4% 43 14 [0 05 7 F R v
Fil, W26 2, S SRERWT 25 U AR I ) S5 et Ve J32 Y0 1Rl 1A
HHE TR L R R AT

(2) K5 %% B PR /N A 25 By R (S19) 249 1.0 g,
KSR, #2.2.37 T Jy 3 28 & 2 0 3 ot
W, 4% 2,17 T (A% S5 R 1% 2 AE 6 UK, 10 s I TR AR
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R2 OMEFNHRSHIEIAHRE BAXREMEEERE

TRl EEyigs; r SR (ugml)
TR ¥=29400X421 200 09988 3.125~100
QIR Y=15 50054105 000 0996 6 31.25~1000
S-TLhE A =89 600X+5 540 09991 03125~10

S JUbEA R B 1=5 380441890 09988 1.6562~53

S bk A R =46 000X+33 900 0.998 6 3.9375~126
ST hUEA R 1=502004+10 800 09992 1.25~40

ZEIL R RRIR AR | 5-T-E e eI - 5-1 L
Joe S MRI R — Wy \5- ke R OR )y 5- . sk ]
2R W 0 T AR 1Y RSD 43 51 R 2.37% . 1.67% . 1.97%
2.92% .1.94% .1.83%(n="6) , %I R % % B AF.

() FE MRS R /N 25 R (S19)49 1.0 g,
FG W FRE , #22.2.37 T J5 15 il £ 5 B I A
T, ) T £ 5 890.3.6.9.12.24 h#“2. 17T F
O TE AR UERED R SR T A, S5 R RIR
TR \5-T-E e 3 b 2 )y \5-+ Juke LI 2R 5
e LR 2K Ty 5 e R () R T 0 e AR
RSD 4351k 1.80% . 1.35% . 2.80% . 2.70% . 1.06% . 2.91%
(n=6) , 2 I3 5 7 WA 1 25 )5 24 h NI R e 1
[SY/To8

(4) TG MRS BUF /N 25 R R (S19) 25 1.0 g,
RSB, $52.2.37 T F J5 i A7 4 6 105 el o {3t
BRI, 2.1 B g S5 AR AR o , 1 SR T AL
FEARAFRAERZIT 345 o o . SRR, WRRIR
VAR | 5- b b JE A A Ul L 5- Jube LA K L 5-
B .5 L] S S Wy Rt o7~ |1 S 13 O 5
4% 9k 0.157 3, 1.727 4.0.004 6. 0.029 3,0.099 5.
0.016 4 mg/g, RSD 43514 2.10% . 1.48% . 1.85% . 2.76% .
2.24% .1.31%(n=6) , RWZ I L EE R AT

(5) L MIKCRIR G - BUTR /N 25 R 3 R (S13) 24
0.5 g, #& HEXT &SI AR AR S & 2 1 LR Eel,
SIS BRIR SR 5--F-E e 3L R 28—y \5-1 Jukbe
FEAR Zp 5- e B R R Ty (5 e R )R
TR $02.2.37 TR v AT A 6 40 S e
MBS, H2 2.1 WA i S5 R R A T, i SR 06 1T A
FEIFEANRECR . 53 EoR , WHRRIR AR \5-+-&
BE LRI AR 3 5= JUBESE AR 1y 5- - — e Sk ] R
T 5 b b S ) 2R T Y R R ACR 43 B
96.66%~101.73%.97.00%~104.93%.99.83%~104.12% .
97.88%~104.42% .98.05%~104.31%.98.89%~103.05% ,
RSD %35 1.96% .2.61% . 1.57% . 2.00% . 2.15% . 1.64%
(n=6) , RUNZITILMEE R 47
2.4.2 MGG E

20 17 /INZE 25K Ry AR A 3 HHL/INEE 254 R A, 4353l
F22.2.37 TR J5 15 il £ o B D A A T, SR 4R
“2NTI N ARSI A2 T SR AL, IR AR
DR A, BRHIEEESINE 3 Uk, O YA, 45 5% WLk
3o ZERYIRNTR/ANEE O RRIR IR | 5- b e 3 ]
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R 5 JUBESE )R By | 5- e S R R A
5- b = ] R R Y P 44 A 43 i R 0.100 9
1.094 0,0.005 1.,0.030 9.0.098 2.0.024 8 mg/g, /N |-
R A 1Y 34 E 1 4 510 0.036 0,0.342 9,0.005 2,
0.031 7.0.084 3,0.022 7 mg/g. f#i F§ GraphPad Prism 9
BRAEXF 2 2588 vh 6 A L3 S #EA T LSD-e A 45 4317, K
K a=0.05, 455 R, /N PO KR IR Y
A R TN R (P<<0.05) o [RIE fSE ]
IR TR XS IR/ INAE N2 v IR DT R 2 B 43 R e Bk ] 2R
B L) B 102 SN T S A R VB S T A NG VAN e
JE I R S 3 1 - 34 B (1,194 9 mg/g) 35 = T/
FHRESL(0.378 8 mg/g) (P<<0.05) ; 17 /N2 v b 3ok ) 5 —
By B A B 24 5 £ (0.158 9 mg/g) Wi T/ N RE i
(0.143 8 mg/g) ,(HER TG I E L (P>0.05),

x3 FNEMNEHRP MBS SENELR (ng/g,

n=3)

R e R e S Sy w7 Sy

L e =

S1 0.1076 1.2618 0.0074 0.0269 0.096 7 00231
S2 0.1130 13869 0.0043 00254 0,086 1 00222
S3 0.1072 12133 0.006 6 0.040 8 0.1159 0.0287
$4 0.1145 1.3007 0.004 7 0.0289 0.093 6 0.0249
S5 0.1255 11564 0.0033 00229 0.0847 00223
S6 0.1300 1.236 6 0.006 4 0.0395 0.1263 0.0322
S7 0.0730 08411 0.004 4 00271 0.0851 0.0190
S8 0.0912 1.1438 0.0054 00335 01111 0.0260
9 02021 22117 0.0055 0.0352 0.1240 0.0310
S10 0.0585 0.7748 0.004 6 0.0297 0.0873 00201
SI1 0,048 1 0.5814 0.0057 0.0362 0.1077 0.0259
S12 0.059 1 0.7277 0.006 0 0.0373 0.1028 0.0255
S13 0.0589 0.7323 0.005 1 0.0324 0.1004 0.0262
S14 0.1428 14203 0.0049 0.0298 0.09 8 0.0277
S15 0.1136 1.0422 0.0055 0.0346 0.1084 0.0295
S16 0.0650 0.7040 0.0043 0.0264 0.0763 0.0205
S17 0.0778 0.7703 0.0040 0,024 6 00713 00191
SI8 0.1056 0.9943 0.0052 0.0310 0.098 7 0.0283
S19 0.1576 1.7278 0.004 6 0.0294 0.0997 00164
S20 0.066 8 06471 0,004 1 0.0255 0.0905 0.0270
X1 0.0353 0.309 1 0.0050 0.0314 0.0847 0.0222
X2 0.0510 04861 0.006 4 0.040 6 0.0858 0.0284
X3 0.0216 02334 0.0043 00230 00823 00174
3 itit

3.1 BiLEHFNRL

P SCHRARIE L 17 /22 v i TR A R TR 2 e
LA 2R 12K R S AR AT AR T4
LEE BT, 7 210 nm KT BRI AL S
F9 5317 A HE B 22 Y € 3 5 AT 5 s I D 5
JUe 3 (R 28—y (16 11) 7F 210 nm K FRIA T98,
RSB AE 275 nm T EA Tl , o4y 5 Rl 43
MRIHTE 210 nm A T HEATINE o 56 T OB R, A
WG JE % 58 T SCHRARIE 7 /N1 R H At vh 25 48
SL P TE T H Y Cos (35 A, 40 Kromasil Cis (250
mmX4.6 mm, 5 wm) Fl Agilent SB Cis (250 mm X 4.6
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mm, 5 pm) %, {H R R, HLEE G B
VR TG UEMACR 25 . IR BN/ NP R b &
YN R /N, B 3% ) Alltima sk (250 mm X 4.6 mm),
5 wm)HEAT B . T IR S AR T A MULAH A RE R, A5
2 PEFTE 210 nm RN F H B TR0 BE R O, JE2k
W B, BB S A WU BEA T IR ; 5 T s AH
HROKAH RS AR 558 T 1% BRI R 0.05%
FH RS WL, 45 5 B 7 0.1% Wi PRV VL3 15 1 T e ) R0 R
BT, PRI T TH 2015 -0. 1% BB v WV E R i shAH .
32 HiXMARHEARNER

AR T AN FSEHGE R K ik BE LR
LR RITR/NAZ /INAZ R fb (L G ) S ), 25 SR R B
BEERHU TR /NAE NFERE L B I i &2 | PR HR SRS
FF 5 rh e f FH A R B G 00 5 1T A 2R £ TR B 77
INAZ IINZERE G TR 6 SRR R A3 A D PR i
FERTIERE O TR CBRE PR B ] o AR , AR 5T iR 5 5%
TRFEHR HE (1:10,1:20 . 1:40, m/V) RIS [R]85 B
B 1] (15,30 .45 min) % 2% €8 i i 04 T R 52 i), 45 5 %
PUAE L IR R H A IR [R) T R E A ) o i 0 0
TAIFRAHZE AN, BG4 12 10(g/mL) ARHA HEHEHL 15 min,
3.3 SENEIEIRMR S HERE

P B[] OR B A B YR E SR Y R R B — 2
RN , BAME oM Bua b S0 o %
WHT Bl P A VR ™ AN S i TR AR 4 5 sk
BT BAEAE T WA P e HLA AT 1 P K 1 g
R RIS S8 BRI R B ko R R A I A FEE
PRI, o 35 (R 2 W 2 B 4 N FRL TG o T R AL 9§45 e
FR AT B AT AR TR /INAE O INEE RN W Bl . H
i, 2T HPLC W77/ NE S i 7 i b i 98 e 2 38 i
JE5- e R 2R T S R | R w4
WA I8, (EL[R] P Y ot 22 RO 2 R, AfFSR
T HA I o — B A A5 B S S B X, B IRAE TR
INEFEBEITE R A T P RRAR S At 3 A 3R] AR —
Wy 2 A (5--E ke JEm) 28—y 5-+ ke LR 28
5- T S hE R ) o AN, RIS TR N 1R
SR 5 TS B A S BT IR S W T T X (H
HAETE/INFE 8 S 15 v A O A Ak DL B B e 0
I ARG T (RO a2 ol g 5 1 A0 4 ot 2L 1]
RS & BB HPLC 7, IR /INE S /NG vp
A AN, B S AT T IR
34 AREFHZNENREZMEZURZFNES M
EMERRS LD

R EINE R A 7 AR AT R LR R
A6 VLA HrEmaE Oy, Hoh il eg L AR VR BOR AR R 4
[l /N 22 Aok T AR S = T 3 A, 3l it CA FITPCA &
B, A RTINS AT R — 2 R H T8
) — B0 MHAH X 77 /N AP — i 22 57, X
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AIRES 17 /N AR R EAEE SRR R RN Tk R
I [) 45 PR A O TR NG RN T DL 43y 2
BKORH A Z M EER  MX —2 5 e T
A o 2R

ARHFFEHEHE OPLS-DA F1 6 Fft i 23 14 5 5 I i 45 SR
KB, WIRRIR I IH RS 8 B o3 T e /INEZ FITR/INZE A7
FE 25 57 BOAR B 0 , Bt 25 SR AR S VR /NG I
JPRIR DI IR 1) 7 1 B 38 i T /NEE X T e /N Bk iz
HRORTR R AR 1 5 = T/ N IR 2E A M 0619 L1
5T/ INAE /N HERT 3 44 09 T2 B 5 Ay, s AR
AT BT, B R R TR /N h L3 3 R A Y
SR E T/ N X R SR E T OPLS-DA 9455,
P 1 H 11 2 S WX 7 43 7T RE /N2 TR /N2 T
2% 5 0 S SR A AR Y T SR AT o A Fr it — 2 F
X0 WA, AW B, INAE TR /N A7 e 55 1) 28— 1y
KA EEEFIFLGEITFE X, EYREN L
B, 5- A — R R AR VRN A R /N
B 1.54 1%, LR ke BE ] 28 — B2 nT eI AR 1PN /N
HWEEZER Sy AP NERA A FIARZ A
WF7E BT /N2 0 0 A9 31 1 8 4> 22 5 A4 2 75 REAE
R IF/INAE FI/INGE B S B AT A 4 KRR S it s iF—
HIE

25 LTI  AHF9E EE ST TR /N S5 /N A R HPLC /2
PE B BN IR E AT ERAE T R ST AR T
17 /INZE 55 /NG 2R I T A B AR o AR F 5 3403
i A2 EAE R D e AT o TSI PRI R I R 55 8
AVRINGE 5/NE W25 58 858, v R TR /NZE RUINZZ (R S5 5
TR 2E TR LR R
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