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Abstract: Objective To determine the quality of Citrus reticulata from different production areas by combining HPLC fingerprinting
with chemometrics and UPLC-MS/MS to provide a basis for its identification and quality control. Methods The fingerprints of 49
batches of C. reticulata from six production areas (S1—S49) were established using HPLC-DAD fingerprinting combined with the
“Similarity Evaluation System for Chromatographic Fingerprinting in Chinese Medicine (2012A version)”, and similarity evaluation and
common peaks were confirmed. Hierarchical clustering analysis (HCA), principal component analysis (PCA) and orthogonal partial
least-squares-discrimination analysis (OPLS-DA). discrimination analysis (OPLS-DA) and other chemometric syntheses. A
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UPLC-MS/MS method was developed for the determination of eight flavonoid components “naringenin, naringin, luteoloside, nobiletin,
hesperitin, hesperidin, tangeretin, narirutin” in 60 batches of C. reticulata from seven origins. Results The fingerprint profiles of 49
batches of C. reticulata from different origins were established with similarities of 0.864—0.999. Eleven common peaks were identified,
HCA analysis of 49 batches of C. reticulata was divided into four categories; PCA obtained a cumulative variance contribution of
92.748% for the five principal components; OPLA-DA indicated that peak 8, peak 7, peak 10 and peak 11 might be the differential
markers affecting the quality of C. reticulata; and the results of content determination showed that there were significant differences in
flavonoid contents in C. reticulata from different origins, with nobiletin and tangeretin as the main marker components in Xinhui,
Guangdong, luteoloside as the differential component in Hehuachi, Sichuan, naringenin and naringin as the differential in Zhangshu,
Jiangxi, and metabolites, and Guangxi Yulin was dominated by hesperitin, hesperidin and narirutin, and Chongging Yunyang was
dominated by nobiletin and hesperidin; Conclusion Stable HPLC fingerprints of C. reticulata from different origins and quantitative
determination of eight flavonoids by UPLC-MS/MS were established, which can be used for a comprehensive evaluation and quality
control of C. reticulata herbs in combination with chemometrics.

Key words: Citrus reticulata Blanco; fingerprint; UPLC-MS/MS; naringenin; naringin; luteoloside; nobiletin; hesperitin; hesperidin;

tangeretin; narirutin; chemometrics; content determination; quality evaluation
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Table 1 Information on origin of 60 batches of C. reticulata
Lkl F= b Fp T = YR T F= YFp

s1 IR Wk Bz 4 s21 TR M VR 2 24 S41 IR R¥e R

S2 IR Wk Bz 24 S22 TR VR 2 24 S42 IR R¥e PR

S3 RSN Wi e 2444 S23 LR Wi e 24544 S43 JUHREE R CRFIED
S4 IS S Wi e 2444 S24 LREZN Wi e 2444 S44 JUHREE R CRFIED
S5 JTUEE A Bk Rz 24 S25 TN Bk Rz 24 S45 I"HR¥e BRE GRMED
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s7 IR Wk 2 24 s27 TR W 2 244 S47 IR ¥e BRE GRMED
S8 VY )11 g 4E Wk Rz 24 S28 TLPaRE R W B 2t S48 IR ¥ie BRE GRMED
S9 VU )1 45 A Wk Bz 244 S29 VLG AR Wk Bz 2444 S49 JUHREE BRE CRRIED
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Fig. 1 HPLC superimposed fingerprints and control fingerprints (R) of 49 batches of C. reticulata
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Table 2 HPLC fingerprint similarity evaluation results of 49 batches of C. reticulata
s AEABLEE s FHACLEE M5 FHABLEE H's FRABLRE
S1 0.973 S14 0.974 S27 0.969 S40 0.927
S2 0.969 S15 0.972 S28 0.872 S41 0.984
S3 0.968 S16 0.972 S29 0.959 S42 0.981
S4 0.971 S17 0.973 S30 0.959 S43 0.986
S5 0.861 S18 0.972 S31 0.957 S44 0.98
S6 0.977 S19 0.975 S32 0.967 S45 0.991
S7 0.971 S20 0.973 S33 0.947 S46 0.984
S8 0.972 S21 0.958 S34 0.946 S47 0.985
S9 0.978 S22 0.971 S35 0.957 S48 0.967
S10 0.975 S23 0.97 S36 0.923 S49 0.966
S11 0.974 S24 0.971 S37 0.932
S12 0.975 S25 0.968 S38 0.947
S13 0.975 S26 0.967 S39 0.942
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2 49 BRI EIE L BIE HCA
Fig. 2 HCA of shared peaks of 49 batches of C. reticulata
fingerprint profile
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Table 3
components of 49 batches of C. reticulata

Eigenvalues and contribution of principal

ER RRIEE TETTRE% FBIBTIRR%
1 9.368 42582 42.582
2 4.793 21.788 64.370
3 2.760 12545 76.915
4 2.161 9.824 86.739
5 1322 6.009 92.748

T4 49 BRI HEmRILBUER 5 5EME
Table 4 Matrix of common peak components of 49 batches
of C. reticulata

— TRy
1 2 3 4 5
1 0.430 0.782 —-0.025 -0.312 —0.066
2 0.472 0.600 —0.412 0.332 0.057
3 0.405 0431 -0.171 0.676  —0.308
4 0.185 0375 -0.708 —-0.336 0.380
5 0.855 0.209 0.375 —0.007 0.046
6 0.453 0.567 0.478 —0.346 —0.136
7 —0.789 0.516 0.121 -0.136 —0.107
8 —0.555 0.301 0.375 0.361 0.553
9 —0.726 0.562 0.271 0.110 0.055
10 0901 -0.195 0.219 0.146 0.231
11 0934 -0.151 0.183  0-.032 0.142
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Yy, 1E 0.95 ME(EXIE N, OPLS-DA FrHrigi)
A VIP KK 4. 1% VIP K/ANBFKIKN 8 5
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! e
| Osu Pt
100| Sifegsis ke
| S12 2 [
O: Sy W Rs
‘ s18
= 504 2 532 osy @O
= ‘ ﬁ o 47
:,‘: 0f 33 854 —@ssg
- : 5295 0 s
o | S34 s, 35
S 50 o ® s
— ; 53 5ot i5759 @s19
‘ )
-100/ S8
—150+—=200 =100 0 100 200 -
1,003 76%t[1]

3 49 tBRE Zh% OPLS-DA 547 E
Fig. 3 OPLS-DA score for 49 batches of C. reticulata
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Fig. 4 VIP values of 11 shared peaks of 49 batches of C.
reticulata

25 UPLC-MS/MS E&EBIX S ENE

251 fai%%t  Acquity UPLC BEH Cig fift: (100
mmXx2.1 mm, 1.8 um), EA 0.1% " -7k (A)-0.1%
HIR- 2 (B) J9intalte, BAEESEE (0~1.0min, 5%~
25% B; 1.0~35min, 25%~40% B; 35~45min, 40%~
60% B), A7 & 0.6 mL/min, 13540 “C, #HEHMAF 1 uL.
252 RGN B TUE: Turbo V, MBS
ESI-, A< (CUR) #&Flfi&E: 30 L/min, Wi%
& (IS): 5500 V; LA (GS1) #AFlfifE: 55
L/min; In#GHBIR (GS2) AR & 55 Limin; %
£ ZRMEMBER (MRM); B0
(TEMP): 550 C. tRALIIZZASHILE 5.

®5 FREHEET 8 NREIEMRDHIFLESH

Table 5 Mass spectral parameters of eight flavonoid components in C. reticulata

W (R B min MRM 23
Ji e b miz LIRHIEN fill-4i G i /e V S LRV

EAlES A1 2 2.72 271.0/150.9 -85 -25 -17
Al R T 1.67 579.2/271.0 -217 -42 -8

RBEH 1.51 447.0/285.0 -146 -34 -25

— NS 4.36 403.1/373.0 216 36 12
PR 2.96 303.1/166.0 189 35 12

P R 171 610.9/303.0 147 32 9

T R 2R 4.84 373.3/343.2 156 36 12

AN 1.60 580.9/273.1 151 30 21

253 LA H % BOSIHRR R R mg/mbL), 1 AR % (0.001 0 mg/mL).

029, H#EMe, BREHEMT, HEMAH
i 25 mL, %%, FREiE, AL (.
300 W; #ii: 40 kHz) 45 min JUE =i, HHKRE
Joi e, FH R AR 2 9 2R () 5T &, #5720, 12 000 r/min
B0 10 min, EIEWZ 0.22 um MFLIERR pE,
A JE AR AL I, & . BEE R
B AR 1 mL £ 10 mL &, DHEBEEER,
Ay, It 0.22 pm TALIEME, BRI BR B 3R FIRE
A R R

254 N SEEEIES R SRR R RS
ot IR N OE B, 0 R R &S B B FE D 1.000
mg/mL (1) 5 — B 0 BRI, R 2 B S B k)
HE SR VA VOE AR 3 ALIR A IR R, o )
HAFER T (0.025 mg/mL). # % (0.002 0
mg/mL). #&JZH (0.050 mg/mL). % (0.025
mg/mL) FIZEFEHZEF (0.030 mg/mL), I 45
AKBEAF (0.000 20 mg/mL) H1J11fFz & (0.010

255 LMEXRREBL NE OGRS ER,

T e J 22 A AN RV FE VR A 5 R VAL, 4% “2.5.17
A “25.27 TR FAFEEREN E . AR s H
P B DR B AR AR AR (XD, AITIINAS A D TR R R A
AkR (YD, THELHREIETIRE, 45K 6.

256 RIS kP “2.5.47 TN FEIRER
B XTIE S, % “25.17 Al “25.27 TN &4
BERERTIN, B 7 Ik, 19 2R G0 &
SYHIETIAR, THEAARIE R O R MR

KEBEF, JIRER. BRR. BRE. fBEE.

S R W THIAR A RSD B 23 531 N 2.77%..0.79%.
2.41%. 1.98%. 2.65%-. 1.53%. 1.71%. 1.85%, &
B A 2 B Rt

257 EBEEMRLE  REEIREUE — R TR R Sk
K029, AT 71, %R “2.5.3” TN EAEH] &4t
WAVAW, %I “25.17 F1 “2.5.27 IR &4FERE
R, 15205 5o AR, THEARIS R Gl
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Table 6 Results of linear relationship examination of eight flavonoid components in C. reticulata
D% G Ry r2 2 PEVE R/ (ug-mL™)
Tl e 2 Y=4893 697.6 X+88 759.1 0.999 1 0.002~1.000
il e Y=3972 039.5 X+641 830.6 0.998 7 0.500~25.000
KRB EH Y=2184 654.9 X+62 942.2 0.997 3 0.002~0.200
IR R 3 Y=134 118 010.8 X+34 355 616.7 0.998 3 0.100~10.000
P e 3 Y=530985.2 X+17 283.5 0.999 1 0.040~2.000
7 He Y=206 600.4 X+30 8571.3 0.999 8 1.000~50.000
I HE & Y=54 263 736.3 X+ 120 756 346.7 0.997 6 0.500~25.000
AN Y=200594.8 X+273 724.7 0.999 8 0.600~30.000

R MR, RBREF. ISR ER. BEER. B
FeAf MR SR WY RSD 18 43 7
9 2.89%. 2.33%. 4.01%. 1.93%. 2.11%. 1.89%.
2.63%. 2.95%, KILITTVEEENERLE.

258 fEtElie BRI,
“25.17 M1 “25.2” WURAF, 0 AHE 0. 2. 4. 6.
8. 12, 18. 24 h FEFEATI, 15 2% B s AR,
THEARSES R, Mt REETF. I
MR, BB R, BRH. MR, ZFmEE
FEAS [RI RS WU B (8] N U AR ) RSD fHN 1.39%.
1.86%- 2.19%. 0.93%. 2.22%. 0.83%. 1.46%. 2.53%,
& B R R A AR VA VR P X 8 R B S AR 4 A
24 h WEEER .

2.5.9 JNFEEMCRIRLS A EFRBOE & O H AR R
S B E KR AR R, % “25.37 WiF
il 2 HEIR AV, R RIS S0 IR AR, 1%
“2.5.17 1 %2527 TR AR, 15315 B
UETAR, THEAS B R > (M= il
T KB, JIRE R BRER. BET. R
R EEMBEE) BERIEEECER 250 96.7%-
99.2%. 97.7%. 101.0%. 97.6%. 100.6%. 101.5%-.
98.9%, HXIRMiff] RSD {H47N 4.65%. 3.04%.
4.78%. 3.91%. 4.54%. 1.64%. 3.76%. 4.12%.
2510 FEMEENE  H60 HLBREAESH R (T 2
S 2110 g, FEERE, 20liE “2537 BN
VERI R RE VAR, 4% “2.5.17 TR (it s A HERE I
E, VM 8 B R E L, SRNET,
AT DA [ 7= 1 o 7 S8 T AN 2 oy BATPAE B %
ol A ENE SRR S (B 5, WA
P HENAS R~ o R B AR AL 22 oy o il R 2
T S EFAE VL PO AR (S33) USCHE IR B A ot ol o0
i, A RiAF] 95.62. 2 444.23 pglg, VUIRAEIS

(S14) NIAyffils DY) A7 feith LAA B8 A i & 40 4
BEETHAMMX, A E 7 =ik 19.98
pg/g (S15) 1 8.328 pg/gs JIBRE RAE R /AL 2R
Wres (S44) WEEIMR R FE S B i s, 21 lis %) 10
384.44 pg/g A1 1 182.59 nglg, ZHEM (S21) K
Bf%s TP AR DR R 3R R R A Al B
N, PRRESEE RS m T HA X R
TE LB M SR IR B R S AT T T bk, ER
B # A T A X s 25 R AR P A
PR RIRE SO T I8 bR 28 P 2 PH U A 1
EME R ERE, P EN T XA

gE oM R, A R 2R B TR N IX 43T
V7= bt 5 A = b R B D 22 S5 e 2 5 A R R T
VBN 23 DY 7= b 55 HAth 7= b R 7 1) 2 57 1 A 9
P B2 28 B B R 2 A5 Al B TR N X 43 T P =
5 A M R B I 25 R s S BRI E R
“RRA” ZIMETRL PR = AR R AEAZESR
PERLSYs A T WREE” 2R 28 2 7= M bk Bz
V) DAV R 2 R0 Rz 35 1 A X 43 At = 1 Bk R 11
ZERPERSY o VT U AR RN 22 B M b A B T
ARBREAF . )RR R FIRE i 2 1) & A AR R,
0] b 22 A DA S B i 2 B e v o AR BEIZ A
TR AR 8 FEIEEA SRy T LA S A EE B 2
FH BRI 2 KA FAT AR e i, RS (hE
i) 2020 SERRIE R “NIBREZ 2 B R H R
FE” 3 R AT G0, it 45 R WE
6. ZEFRM, R R WS A i O PR
R MLAHR 7y, BB R R R A, AL
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= BH IR B 2 A Y O SR A SS . 3 AN B DL A
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R BGEHEST 8 MREIEMTHZENE (n=3)

Table 7 Determination of content of eight flavonoid components in 60 batches of C. reticulata (n=3)

G5

[}

REDEU(ng g

Hili Bz 3R ol B2 AREEHAF NEES B R i Bz %S A
S1 20.97 1664.13 1.32 2 119.56 22.19 53 229.58 530.46 1967.36
S2 10.65 1949.34 0.56 1925.93 15.36 50 409.65 540.30 2037.27
S3 42.45 1679.91 2.72 1950.42 27.65 46 011.93 497.94 1633.64
S4 85.23 1682.14 5.36 3479.99 80.26 46 292.21 596.07 2058.84
S5 11.52 543.94 9.35 10 858.84 79.52 51 390.98 1081.89 573.68
S6 23.55 2317.2 2.88 3433.11 35.35 50 462.84 624.48 2233.98
S7 36.39 1895.99 1.81 3127.74 33.92 44 350.70 565.18 1818.24
S8 3.04 358.47 7.63 9374.58 35.67 43 545.13 944.64 419.80
S9 20.33 1458.09 2.93 2489.62 22.43 36 453.54 560.59 1 425.66
S10 8.27 1739.36 1.09 1526.02 9.19 45 433.96 477.23 1797.67
S11 10.73 1729.77 0.48 1365.32 8.94 41 850.51 456.34 1721.96
S12 4.85 415.74 17.40 9541.82 86.40 50 340.84 954.81 522.60
S13 391 339.69 7.67 9592.12 56.04 37915.44 956.79 357.16
S14 0.65 389.02 4.09 9857.82 22.74 49 321.95 901.03 330.82
S15 5.22 450.10 19.98 9670.17 101.27 45122.39 963.23 468.57
S16 2.85 461.55 3.76 9 878.36 35.16 46 996.63 945.06 519.54
S17 3.08 588.34 9.66 9963.91 38.30 40 858.64 958.82 602.92
S18 6.34 539.42 13.43 9 748.58 50.56 47 542.56 946.58 612.66
S19 11.48 1073.20 11.81 7001.99 33.72 47 866.13 907.13 1236.84
S20 11.99 1848.36 0.43 1157.76 11.43 54 917.05 495.20 1853.15
S21 15.79 1749.14 0.70 968.76 26.35 45514.44 402.40 1734.70
S22 25.68 1781.32 1.23 1139.24 21.42 48 964.83 466.62 1735.36
S23 17.83 1817.75 0.79 1263.81 17.23 48 614.53 477.90 1795.90
S24 9.49 1673.61 1.07 1101.14 21.98 46 650.37 431.89 1696.84
S25 11.21 1756.52 1.82 1288.19 12.14 44 294.61 477.19 1912.43
S26 14.67 1817.70 0.76 1132.50 16.50 51522.34 459.39 172951
S27 24.63 1599.86 2.09 3509.49 21.02 46 894.66 620.45 1652.20
S28 11.60 1580.21 0.79 1940.11 13.76 40 572.63 486.32 1596.26
S29 14.23 2072.04 0.79 1216.60 15.77 47 211.74 476.41 1 865.92
S30 13.11 195748 0.83 1181.43 17.01 47 430.71 471.41 1708.21
S31 12.69 1905.12 0.74 1200.38 16.00 42 372.84 479.95 1638.85
S32 64.53 1638.96 3.88 5323.49 47.38 43 619.15 787.41 1499.45
S33 95.62 244423 1.85 3522.78 57.37 42 323.09 633.46 2088.37
S34 14.27 1919.81 1.05 1635.31 9.46 40 506.32 447.65 1818.38
S35 50.77 1433.54 6.70 6 445.43 37.79 35989.80 827.68 1290.17
S36 20.15 2127.12 1.69 2390.19 17.32 48 257.00 499.90 1973.36
S37 17.05 1799.61 151 1174.48 17.12 48 461.97 459.11 1701.74
S38 4.93 1630.11 1.46 1360.02 8.64 47 621.11 443.41 1421.10
S39 12.58 1799.71 0.66 548.09 9.24 51 665.62 449.27 1613.70
S40 11.91 1693.63 0.67 642.49 10.43 49 035.96 432.83 1792.92
S41 0.81 404.02 0.82 7323.00 18.75 49 929.29 941.23 770.30
S42 0.35 342.69 0.92 6 863.57 12.03 42 693.22 889.45 536.54
S43 1.90 41151 211 9546.18 35.31 48 507.78 1106.54 534.72
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Bg7
e FESE/ (ug-g™)
N S MRz AR JIBR R 2 (e (RS e LT R Y

S44 5.99 512.16 2.90 10 384.44 36.24 45712.82 1182.59 598.11
S45 8.44 655.23 1.86 9771.75 45.46 46 880.96 1110.00 693.61
S46 3.46 402.96 2.38 10 064.16 40.33 40 683.72 1 049.55 453.24
S47 8.49 406.49 1.94 8 328.03 63.08 44 613.60 922.20 496.27
S48 5.47 576.19 2.66 8990.09 42.92 41 606.06 1047.29 626.28
S49 10.14 1927.07 0.77 8 157.74 15.58 42 572.35 357.93 1 608.88
S50 0.21 514.19 0.53 8 195.75 17.06 50 183.56 896.36 485.72
S51 1.05 501.49 0.78 8 342.85 8.80 47 874.63 903.48 492.12
S52 0.80 276.09 3.14 8 429.88 11.87 43 044.98 890.68 248.27
S53 0.22 171.28 1.42 8 906.20 11.65 42 710.59 899.20 182.19
S54 2.32 135.20 0.89 9 337.46 9.46 46 010.60 934.44 128.56
S55 0.27 481.81 1.45 9 145.18 16.01 45 311.49 978.26 438.09
S56 2.62 310.82 0.86 8 370.12 15.52 48 596.98 910.90 301.62
S57 0.21 637.61 1.01 8907.30 14.08 51941.74 896.06 594.49
S58 1.17 412.74 3.84 7 954.08 18.05 48 236.10 857.60 431.17
S59 0.01 364.39 1.36 9906.23 14.71 49 514.82 956.60 407.19
S60 1.88 877.13 1.27 8500.62 8.69 32 327.39 702.07 798.52
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Fig. 5 Box plot of the content of eight flavonoids in 60 batches of C. reticulata by UPLC-MS/MS
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Fig. 6 Statistical comparison of average flavonoid content
of 60 batches of C. reticulata
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