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Quality Evaluation of Branches of Juglans mandshurica by HPLC-DAD Fingerprint
Combined with HPLC-Q-TOF-MS/MS Characterization of Constituents
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[ Abstract] Objective: To establish a high performance liquid chromatography (HPLC) fingerprint of
branches of Juglans mandshurica and to evaluate the quality of the samples from different producing areas and in
different harvest periods. Method: Chromatographic separation was performed on an Agilent Poroshell 120

SB-C,; column (2.1 mmx100 mm, 2.7 pwm) for gradient elution with mobile phase of 0.2% formic acid solution
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(A)-0.2% formic acid acetonitrile solution (B) (0-5 min, 5%-10%B; 5-25 min, 10%-16%B; 25-40 min, 16%-
22%B; 40-45 min, 22%-45%B; 45-50 min, 45%-65%B; 50-52 min, 65%-100%B; 52-55 min, 100%B) at a
flow rate of 0.3 mL-min". The column temperature was 30 °C and the detection wavelength was 270 nm. The
quality of branches of Juylans mandshurica was evaluated by similarity evaluation, cluster analysis, principal
component analysis and partial least squares-discriminant analysis. The chemical constituents of the samples were
identified by HPLC coupled with quadrupole time-of-flight mass spectrometry (HPLC-Q-TOF-MS/MS). The
mass spectrometry was conducted in negative ion mode with electrospray ionization (ESI). Data were acquired
over a range of m/z 100-1 700 for MS and m/z 50-1 700 for MS/MS. Result: A total of 19 common peaks were
confirmed in 40 batches of samples, and the similarity ranged from 0.430 to 0.995, of which the similarity of
samples collected in spring and winter seasons (April, May and December) was greater than 0.90, while the
similarity of most samples collected in summer (July to September) was low. Multivariate statistical analysis
showed that the samples were divided into two groups according to the harvest time, but there was no obvious
classification rule for the samples from different producing areas. The contents of most constituents in the
samples collected in spring and winter were higher than those collected in summer. The result illustrated that
different harvest periods had great influence on the quality of branches of J. mandshurica. Compared with the
samples collected in summer, the quality of samples collected in spring and winter was better. A total of 22 peaks
were proved to be the main constituents that contributed to the difference between samples collected in different
seasons. A total of 83 chemical components were identified by HPLC-Q-TOF-MS/MS, including 49 tannins, 7
organic acids, 14 naphthalene derivatives, 1 flavonoid, 6 anthracene derivatives, 2 lignans, 3 diarylheptanoids
and 1 saccharide. Totally 13 common peaks were identified. Of the peaks that contributed to discriminate samples
collected in different season, 19 peaks were identified and most of them were tannins. Conclusion: The
established HPLC fingerprint can provide useful information for the quality evaluation of branches of
J. mandshurica. Tannin is the main constituents in the samples. Harvest period has great influence on the quality
of branches of J. mandshurica.

[Key words] branches of Juglans mandshurica; quality evaluation; fingerprint; high performance
liquid chromatography (HPLC) ; liquid chromatography coupled with mass spectrometry (LC-MS) ; material

basis; harvest periods
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Table 1 Sample information and similarity evaluation of 40 batches of branches of J. mandshurica
% R FWCHE AHME | HS R4 b RWCHI AL
S1 10T AR BRI T Y = & 2018-08 0.952 S21 WP E O HEMT 2018-08 0.987
S2 1748 BRI T R T & 2018-08 0.668 S22 1L T4 P v i B R 2018-08 0.789
S3 LT BRI T A S 1) & 2018-08 0.670 S23 I 748 T T £ 2035 1L 2018-08 0.920
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S5 L7 AR A 2018-05 0.979 S25 L7 48 AW T 7 5 EL R A 2018-04 0.981
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S7 174 B Ll i A 2018-07 0.953 S27 LT T 0 = 1 & 2018-04 0.987
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S14 PRS2 E R X R DA T HROK B 2018-04 0.977 S34 LT A PN R AE X 2018-04 0.983
S15 LT PR I e 75 B 2018-04 0.991 S35 LraEum Ml 2017-07 0.517
S16 LT PR R s i 2018-04 0.995 S36 LT PR R s 2016-12 0.982
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PEAT S8 AR 30 °C L B4R 0.2% B ERK I (A) -
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Fig. 1  HPLC fingerprints of 40 batches of branches of

J. mandshurica
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Fig. 2 HPLC reference fingerprint of 40 batches of branches of

J. mandshurica
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Fig. 4 Cluster analysis of branches of J. mandshurica
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Fig. 5 Score plots of PCA from branches of J. mandshurica
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A EWSY 1(VIPL1]) B £ sF 2(VIP[2])
BEl6 7 [E R UCHI S BEAk A 4 & PLS-DA B VIP E S 47
Fig. 6 VIP values based on PLS-DA of branches of J.

mandshurica collected at different harvest periods

& 7 > A Bk AR RE S ST6 A B TR . R AR
b2 1o AR S A I 1~13 KR ik B 4,6, 9,
23,26,28,45,46,50,62,63,76,77, Horh A7 1% 3,
5,7, 10 A1 11 J2& 3 2k 5 xf B L 0 e % A A
6 ML A I (14~19) KAk % Hai . BHIkfFR
W22,

t/min
E7 Wk MR S16 B HPLC-Q-TOF-MS/MS 5 B F it
Fig. 7
HPLC-Q-TOF-MS/MS

TIC of sample 16 of branches of J. mandshurica by

Table 2 Identification of chemical constituents in branches of J. mandshurica by HPLC-Q-TOF-MS/MS

ks ) [M-H] . . ) .
tp/min  ———— 7 Fal FEWN 2RSS £
7] e HieE  S/ppm
1 0959 341.1082 341.1084 -0.59 C,H,,0,, 179.056 0,161.045 4 B TR

2 0987 191.0200 191.0192 4.19 CH,O, 111.008 0,85.029 6,57.034 8 AHLER AR
3 1.014 133.0143 133.0137 451 C,H,O 100.924 4,72.991 6,71.014 2,59.013 9 HOLER SRR
4 1.042 331.0676 331.0665 3.32 C,H,0, 211.0254,169.013 9,125.023 5 BT BA-O- V£ Tk B -l 4

5 1.042 481.0630 481.0618 249 C,H,0,,
125.025 0

6 1350 481.0629 481.0618 229 C,H,O,
119.047 5

300.998 1,275.019 1,257.008 6,169.013 8, #E i

331.069 4,301.001 1,275.020 6,169.014 3, #%Jix

BL_O-75 F2 S OR H
3L (HHDP)-7 %4 B
.-O-HHD P-4 %) %
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gR2
(%t . [M-HJ- . N e
fp/min ——— - ¥R FEWER SER Y A
W WM HIe{E  S/ppm

7 1.587 331.0675 331.0665 3.02 C,,H,0,, 211.022 4,169.013 8,125.023 6,59.013 9 BERT HL-O-T 13 T Tk JE -1 4
8 1.853 331.0674 331.0665 2.72 C,H,0,, 211.024 3,169.012 5,125.023 9,59.013 8 B BL-O-TE T I - A b

9 2.095 169.0145 169.0137 4.73 C,H,O; 125.024 7,79.019 3,51.023 9 APLR  BETR

10 2241 483.0780 483.0775 1.04 C,H,,0, 313.049 6,211.0199,169.015 3,125.024 7 HEFi Z-O-B B T LA A

11 2755 633.0728 633.0728 0  C,,H,,0, 543.029 7,491.164 3,300.999 5,275.018 1, #EJi H-0-B B T M-
249.039 7,169.571 2,92.926 1 O-HHDP-#j % b

12 2932 783.0674 783.068 1 -0.89 C,H,,0,, 481.057 3,300.997 4,275.025 0,231.031 4, ¥k Z-O-HHDP-H#i%j
145.027 7

13 3.024 153.0192 153.0188 2.61 C,H,0, 124.0171,96.920 0,79.958 1,51.023 6 AU RILER

14 3.146 287.0402 287.0403 -0.35 C, H,,0, 242.936 1,135.029 8,125.023 1,108.015 5, #EJ& T T I 2L -9 B I
92.926 7,75.008 6,61.988 2

15 3.175 315.0716 315.0716 0  C,H,0, 152.010 6,136.921 9,121.941 2,108.021 1, #£J5i H-0-JF L AS Bk 3 - 5 4
77.098 3,

16  3.335 329.0872 329.0873 -0.30 C,HO, 167.033 8,152.012 2,125.025 3,108.020 8, #£JF - O-F i Bk 4

59.0141,51.022 8

)=

17 3.534 783.0674 783.0681 -0.89 C,H,,0,, 481.0554,300.999 1,275.018 7,53.020 7 78 -O-HHDP-7 % #l

18 3.694 483.0780 483.0775 1.04 C,H,0, 211.0240,169.013 6,125.023 5 gy OV T A
19 4248 483.0780 483.0775 1.04 C,H,,0, 271.043 8,211.022 6,169.014 0,125.023 2, #£JF T-O-B TR R AT
61.988 0

=

HoO-T T RS- -
O-HHDP-#j %] 5

20 4717 633.0728 633.0728 0 C,,H,,04 448.999 4,300.997 5,275.021 1,169.012 9 74

21 5.063 359.0987 359.0978 2.51 C,H,0, 182.017 7,138.029 3,89.023 6,59.013 9 L79h Ho-O-TT 75 Ik -7 4
22 5368 783.0674 783.068 1 -0.89 C,,H,,0,, 633.071 5,300.996 3,275.019 5 L7 ~.-O-HHDP-7{j % 4
23 5.921 359.0987 359.0978 2.51 C,H,,0,, 197.046 0,152.047 6,89.023 6,59.013 3 L7 BL-O- T Ik S A
24 6304 483.0780 483.0775 1.04 C,H,,0,, 313.053 3,271.044 7,211.023 9,169.013 8, %£/% T-O-T T LA A
125.0217
25  6.546 289.0714 289.0712 0.69 C,H,O, 164.009 6,151.035 6,137.023 9,123.044 4, i L&
109.030 2,97.0286
26 6.663 483.0773 483.0775 -0.41 C,H,,0,, 313.0553,271.045 1,211.024 6,169.013 3, #Ef5 1,6-—-0- % £ ¥ [k K -
125.021 4, B-D-7i % b
27 6.893 359.0989 359.0978 3.06 CH,0, 300.083 3,239.052 6,181.014 8,121.028 4, %£[k -0~ T 7 B - %45
59.014 1
28 7.064 483.078 4 483.0775 1.86 C,H,,0, 313.056 0,169.013 5,125.023 5,59.011 7 BRI Z-O-1 B T LA A
29 7.242 533.1511 533.1506 0.94  [C, H,O,+ 193.0500,175.0389,169.012 8 R = B -tetralone- I B
COOHT - B
30 7.352 635.0888 635.0884 0.63 C,,H,,0 465.063 7,313.059 6,169.014 0,125.024 9, ¥ /& = -O-1 BT T - 2 b
94.925 0
31 7479 453.1039 453.1033 1.32 C,H,,0,, 313.054 5,169.013 7,151.001 8,125.026 9, %£ 5 455 R34 LR T -6
89.0237,59.013 6 O-1 B ¥ Ik K- 4 Wl 17
32 7.600 325.0923 325.0923 0  C,H,0, 225.870 8,183.001 9,145.029 2,119.048 2, %£/k O~ 1 I 3 - 4
59.0127
662 401.1 401.1084  0.75 C,H,,0,+ ZENTEY) B -tetralone- T BT
33 7.662 401.1087 401.108 [C4H,,0, 208.985 4,193.050 1, 175.038 9 ZER R ) — % Sk -tetralone-C B
COOHT
34 7.925 281.0665 281.0661 1.42 C,H,,O0, 163.039 0,135.028 9,119.050 4,75.008 5, #EJf AR SN i
59.014 5
35 8.192 533.1511 533.1506 0.94  [C, H,40,,+ 193.0502,175.040 5 MY = FR gL -tetralone- S H#
COOH]J H-CHE
36 8309 177.0560 177.0552 4.52 C,H,,0, 159.0143,131.049 1,115.055 2 LAY —#% K -tetralone
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&R 2
(%t . [M-H]" . N e
tp/min ——— - ¥R FEWER B RS A
W Ml BISMH S/ppm
37 8505 635.0888 635.0884 0.63 C,H,0, 465.065 1,313.054 9,169.013 9,125.0217 ¥R =-O-T T TR A
38 9.328 355.1029 355.1029 0  C,H,,0, 191.072 3,175.040 0,135.039 1,92.926 2, ZfiiA: ¥ =¥k -tetralone-C i 11
59.014 0
39 9.831 481.0985 481.0982 0.62 C,H,0,, 313.056 1,169.014 6,152.011 2,125.023 0, e B-O-F BB S -8 -0-
113.023 3 T W TR
40 9.946 337.0929 337.0923 1.78 C,.H, O, 175.040 7,131.049 7 WY = RE-ZE k- O R
41 10.122 193.0507 193.0501 3.11 C,H,0, 191.032 7,174.031 3,158.042 1,129.034 6, ZEfii/E4) =¥ H-tetralone
108.021 3
42 10302 469.1355 469.1346 1.92 C,H,0, 175.039 5 AR SRR bR -2
B
43 10.304 467.0833 467.0826 1.50 C,H,,0,, 313.0572,175.040 0,153.017 5,108.020 9, %%k TREFRTR-0- LT
89.0239,59.014 9 T I - R
44 10.575 337.0929 337.0923 1.78 C,H,O, 175.040 1 Lkl SRR b - O
45 10.729 635.088 8 635.0884 0.63 C,,H,,0, 465.065 8,313.051 9,169.013 6,125.0209 ¥R 1,2,6- = -0- % & 7 B
$-B-D-Hi %G b
46 12.570 635.088 8 635.0884 0.63 C,,H,,0, 483.076 7,313.058 4,169.014 2,125.024 2 #EJf =-O- T T I B - 4
47 13.041 281.0665 281.0661 1.42 C,H,,O0, 163.047 5,135.028 2,119.048 0,75.009 0 L7 T LA S R
48 13.884 531.1710 531.1714 -0.75  [C,,H,,0,,+ 485.166 2,339.108 6,286.829 5,159.045 1,  ZEfi/EY . J& 3 -tetralone- /% Hf
COOHT He-CB
49 14236 509.1293 509.1295 -0.39 C,;H,0,, 313.0539,271.044 0,211.024 4,169.014 2, ¥k B-O-F BB K-8 -0-
163.037 7,124.016 4 T T - 2
50 14.504 935.078 1 935.079 1 -1.07 C,H,,0, 783.054 9,633.072 8,300.999 6 B BoO- B TR -
O-HHDP-#i %
51 14909 649.1038 649.104 1 -0.46 C,H,,0 479.083 1,313.055 7,271.042 4,183.029 1, ¥Ejf PR T I JE-—-0-
169.0129,125.025 1 B T - A 0
52 14973 635.0888 635.0884 0.63 C,,H,,0, 465.0653,313.052 8,169.014 0,125.0219  #Ei = -O- T T B - 4
53 15.209 787.0989 787.0994 -0.64 C,,H,,0,, 617.0079 7,465.070 8,169.012 3,125.023 1 i VU -O- 5 £ - I B - 4 4
54 15.892 539.1401 539.1401 0  C,H,0, 327.068 2,212.067 1,197.045 9,153.054 8, #E i T-O-T TR AT
124.014 6
55 16.202 481.1343 481.1346 -0.62 C,,H,0,, 297.057 8,189.018 7,153.019 4,137.995 1, ¥k Jo e - AR R R -
108.012 1 O-1 7 Ik K -4 40 il 17
56 16228 5111452 5111452 0 CpHyOy 341.084 8,197.043 4,183.029 7,169.044 8, FF /7 oA LA -
153.018 5,125.025 3,107.012 4 O-T 7 T 35 -7 25 Bl 7
57 17.147 649.1038 649.104 1 -0.46 C,H,,0, 465.069 9,295.039 6,169.015 2,125.023 1 BB L & Tl - —-0-
VEET T - 4
58 17.276 507.1146 507.1139 1.38 C,;H,,0,, 313.053 6,193.049 4,175.037 9,169.013 5, ZEAi/EY) = f% 3 -tetralone-H1 -O-
151.001 3,125.024 7 T Tt - 4 M
59 17.772 511.108 7 511.1088 -0.20 C,,H,,0,, 297.035 3,285.065 4,239.056 0,211.061 5, ¥k B-0-T & Bt K-8 -0-
197.046 2, 182.020 0, 169.014 7,151.002 7, A T I3 - 4 b
137.023 8,125.022 2
60 18.268 937.0939 937.0947 -0.85 C,H,,0, 767.073 2,466.072 4,300.998 2,169.0123  HES Z-O-B T B AR
O-HHDP-7 %
61 18.725 787.0989 787.099 4 -0.64 C,,H,.0,, 635.084 7,465.058 2,313.050 7,295.035 9, i VU -O- 1% £ - Ik 5t -7 %5 4
169.013 5,124.026 3
62 19.694 300.9982 300.9984 -0.66 C, ,H,O, 283.992 1,271.997 5,257.011 8,245.067 5, AHLE HEE TR
161.062 1,129.034 4
63 20390 787.0989 787.099 4 -0.64 C,,H,0,, 617.075 7,465.064 4,295.044 3,169.013 3, #EJ% 1,2,3,6-04-0-% & F it

125.0211

FE-B-D-H %
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gik2
(%t . [M-H] . S
te/min  ——— - ¥R FEWER SER Y A
W WM HIe{E  S/ppm

64 20526 475.1240 475.1240 0  C,H,0,,

65 22.003 511.1087 511.1088 —0.20 C,,H,,0,,

313.055 1,284.030 3,169.013 9,151.001 9, ZEAT4W)

¥ 3 ~tetralone- ¥ -O- i

125.022 6 kAL - A AT
331.064 1,169.0139,168.007 0,131.048 5, #EJ5 FL-O-T it 3 -1-0 %
125.024 7 £ T 3 - 25 0

66 22.034 787.0989 787.0994 —0.64 C,H,0,,
124.009 1

67 22.590 433.0772 433.0771 023 C,H,0,

68 24.180 361.1656 361.1651 1.38 C,H,O

69 25777 489.1033 489.1033 0  C,H,0,,

70 26.145 391.1755 391.1757 -0.51 C,,H,0,

787.094 7,769.087 2,635.069 9,617.073 5,
599.062 9,465.066 0,169.013 5,124.014 7

71 27.792 939.108 6 939.1104 -1.92 C,H,,0,,

72 28703 649.1394 649.1405 -1.69 C,,H,0,, 325.0332

73 29.654 315.0142 315.0141 0.32 CH O,

74 30968 619.1300 619.1299 0.16 C,H,0, 325.0330

75 32520 619.1306 619.1299  1.13 C,H,0,

76 32.837 535.1450 535.1452 —0.37 C,H,0,,
137.023 0

77 33.113 487.088 1 487.0877 0.82 C,H,0,,
78 33.817 639.0982 639.0986 —0.63 C,H,,0,

79 37.022 5512125 5512129 -0.73
COOHT

80 38.591 549.1969 549.1972 -0.55
COOHT

81 39.728 329.030 1 329.0297 1.22 C,.H,,04

635.083 8,617.074 8,465.060 1,169.012 9, #FJiT
369.162 9,163.038 7,145.028 4,135.030 1, #FJi

75.009 9,61.988 1
179.073 1,121.026 0,107.049 8

175.079 2,160.056 9,137.079 2,135.045 6

299.990 3,216.003 7,132.020 6

325.0347,307.020 3

341.088 9,315.065 6,193.051 0,175.038 1,

325.0352,308.020 3,296.034 1,239.029 2
487.086 3,325.034 1

[C,oH;,0,,+ 501.080 4,343.151 2,325.145 1

[C,oH;,0,0+ 341,139 9,323.126 7,210.837 5,

298.982 6,285.007 0,270.986 2,242.992 2, A HLER

VY -O- 3 B - I i - 4 2
T LI R - T I R -

AREHE PR FEMRER

313.056 7,271.044 2,187.038 2,175.038 5, ZERTAY) =R EE-Zhi-H-0-% &
169.012 9,151.002 7

T Wt - A T

353 juglanol B
Pk

VR T-O-TC T I HE ) 4 bl

BT TR - 0 [a]
i - — OB
AL L3 3 i 1
B NRE-EREI a]E
T - P32 - L I
By HREE-E AR [a]
T - P A - AT
. = #& % -tetralone- 1 -O-
R
FREY 1 o it 1
R4 juglanthracenoside A
B TR - A [a]
Tl - V5 £ < ok e - ] )
T %3 jugcathayenoside
Pk
53 juglaside A
Pk
R R

159.238 1,61.987 8

625.886 0,325.034 2,197.043 5,189.015 3, ik

82 40331 667.1289 667.1299 —1.50 C,,H,0, 160,01 5

83 42122 343.1550 343.1545 1.46 C,H,,0,

179.068 3,121.029 4

TR H AR 0] &
Bl F-O- T A Pt Jik - U 1

AR BAIFHRERR

B AT W A1, FRAE T B Bk AR R T 2 1B 3 b HE A
16 > €4 3% W 1 AL 2= 254, 43 ) A6 & 90 7(P20) L, 1k
G 8(P21) L& W 17 F118(P22) ,4L& % 19 120
(P23) 4k & % 21 F122(P24) , tb- &) 24(P25) 1k &
Y35 F136(P26) , L5491 39(P28) , L& ¥ 42(P29),
b4 %) 44(P30) , 1L A4 60(P32) , 1L & 66(P33),
L5 %) 68(P34) , 15 69(P35), L5 %) 70(P36),
L&Y 71(P37), R REYE & P27,P31,P38 I P39 [y 24
F . MRAE PLS-DA 45 3R | A [m] SR WO #F o 119 22 S i

224 RAE T H P 194 3% (1,3,5,6,7,9,
11,13,20,21,22,23,24,25,26,28,29,30,37) [ 45
M A 3O (16, 18,3 1) B L5 M R fiE % 5E

3 iFig

3.0 BB AR SO ) B R S H
WIEAT T B R R LR 50% A 70%
F IR, AR D i 1 g TR K, FL A B L {H 50%
FH it 2 B o 06 g 2 50 K K, B B 50% HT B
DAL B Ak P 22 Sk A B R 6 A 43, R AR A ML R 6
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2 B3 Y A IO T 4 L A 0.5% HT R F 1%
FH T XoF = 000 g g T B 5 e AN K, 32 B A i RS )
A 0.5% W . ¥R & 10 mL 5 20 mL i,
o 0] 06 ) U T ARUTC W 2 2 S AV VA L 4 mL Y
g T AR 1, A3 R R B 7 R 7 0.5% H R 1Y 50%
P, FH 10 mL(BE S A9 504%) .
3.2 RHE RIS B RORCRE S e AR SOt
% R IR, B S SR WA (] SR 2N A A1 TR D
M AT SRS o B SR WSO R S e A A ARk R BT £ Y
U R 2 — M 7E R AR b A, 7 O Ak
SRR B ) A /N LG B S R . 2 A SR i B[R] B
FE i T & a3 B B 28 S R, B R SRR i R R
Sy SR BT ELET RN . ZE
MR AR BLEE BEAIG, BA BAR  AIR, IX — &5
AT RE 5 AR AL R AR KR G B AET
MR R MR T BB B EZ  E RO &
B 2, B AL T B A A o ik S AR 2 b
A e R WO — B0, ZEAR M — RAE R 1Y
Wity 25 5 B0 R TR WA, I A 24 R AL R
TR A RO B 2, 20 B B0
3.3 AR RAE AR SCNEA RO R M T
83 LG W (G5 W r S il A ) o XSk S BT 4y
RN NG W) 491, 2 IR I
LRI I R A AR L A A BCT A R AR
e T R R A LG AR A s A MR B Y T 5
AW 144, FE NS ZE WAL W) 5 w251k
EWIAA B A 6N s RIBREMED 2402
IR I R AW 1. RIEM
134 A 35 O BRI, 2 A MLIR , 1 A28 M1k
PIA LA AT AR o FRAE R[] SR 305 Bk ABRARSE
194 22 R W 23 MG 48 17 DR, 1
AN HLER 4 D ZEMT AR A LA AT A . ] DR R
Sk AR AR R B S R4y, H S ) B SR O B9 AN TR
RAA J5 S K BRI 5T B AR 24 2R o3 1 Bl A
S A A S T A
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