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Comparative Study Between Bran Stir-fried and Sand-scalded Aurantii Fructus Immaturus Based on
Chemometrics

CAI Wenjun'!, SHI Jingyi?, LIN Wendong!, LUO Rong'"(1.School of Traditional Chinese Medicine, Capital Medical
University, Beijing 100069, China; 2.Department of Pharmacy, Beijing Longfu Hospital, Beijing 100010, China)

ABSTRACT: OBJECTIVE To carry out the quality evaluation and comparative study of bran stir-fried and sand-scalded
Aurantii Fructus Immaturus by using fingerprints and chemometrics, which provide some scientific basis for clinical selection
and use of the two decoction pieces. METHODS According to Chinese Pharmacopoeia 2020 edition and “Beijing Traditional
Chinese Medicine Processing Standards” (2008 edition), two kinds of decoction pieces of bran stir-fried and sand-scalded
Aurantii Fructus Immaturus were processed. The quantitative fingerprints of the two kinds of decoction pieces were established
by ultra-high performance liquid chromatography. The similarity analysis was carried out by the software “Chinese Medicine
Chromatographic Fingerprint Similarity Evaluation System”. The 14 common components and synephrine in the fingerprints
were compared by chemometrics in the two decoction pieces. And the 9 identified components were quantitatively analyzed and
compared by chromatography. RESULTS The similarity of the fingerprints of the bran stir-fried and sand-scalded Aurantii
Fructus Immaturus with their respective controls was greater than 0.9, and the similarity of the same batch of bran stir-fried and
sand-scalded Aurantii Fructus Immaturus was greater than 0.9. By comparing with the reference substance, 8 common peaks of
narirutin, naringin, rhoifolin, hesperidin, neohesperidin, naringenin, hesperetin and nobiletin were identified. The results of
cluster analysis showed that there was no obvious clustering of the two decoction pieces. PCA analysis showed that bran
stir-fried and sand-scalded Aurantii Fructus Immaturus could not be completely distinguished into two categories. The VIP
method screened out 7 components that had a greater impact on the distinction between bran stir-fried and sand-scalded Aurantii
Fructus Immaturus, namely naringenin, naringin, rhoifolin, X8, hesperetin, nobiletin and X1. The results of quantitative analysis
showed that compared with the bran stir-fried Aurantii Fructus Immaturus, the content of naringin in the sand-scalded Aurantii
Fructus Immaturus was lower, and the contents of rhoifolin and naringenin were higher, all of which were significantly different.
CONCLUSION The quantitative fingerprints of bran stir-fried and sand-scalded Aurantii Fructus Immaturus and the quality
evaluation method for the determination of flavonoids multi-component content are established. The results of the study could
provide some scientific basis for the clinical selection of the two decoction pieces of Aurantii Fructus Immaturus.
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Fig. 1 UPLC chromatograms of flavonoids in mixed
reference solution, bran stir-fried and sand-scalded Aurantii
Fructus Immaturus

A-mixed reference solution; B-bran stir-fried Aurantii Fructus
Immaturus(F1); C-sand-scalded Aurantii Fructus Immaturus(T3);
3-narirutin; 4-naringin; 5-rhoifolin; 6-hesperidin; 7-neohesperidin;
9-naringenin; 10-hesperetin; 13—nobiletin.
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Fig. 2 HPLC chromatograms of synephrine in reference
solution, bran stir-fried and sand-scalded Aurantii Fructus

Immaturus

A-reference solution of synephrine; B—bran stir-fried Aurantii Fructus
Immaturus(F10); C-sand-scalded Aurantii Fructus Immaturus(T10);
15—-synephrine.
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Fig. 3 Reference fingerprint of UPLC fingerprints of bran
stir-fried and sand-scalded Aurantii Fructus Immaturus
A-bran stir-fried Aurantii Fructus Immaturus; B—sand-scalded Aurantii
Fructus Immaturus; 3-narirutin; 4-naringin; 5-rhoifolin; 6-hesperidin;
7-neohesperidin; 9—naringenin; 10-hesperetin; 13-nobiletin; 1, 2, 8, 11,
12, 14 were unknown components.
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Fig. 4 Superposition of fingerprints of bran stir-fried
Aurantii Fructus Immaturus
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Fig. 5  Superposition of fingerprints of sand-scalded
Aurantii Fructus Immaturus
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Tab. 3 Similarity evaluation of 10 batches of bran stir-fried
and sand-scalded Aurantii Fructus Immaturus
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F7 0.993 T7 0.983 F7vs T7 0.985
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Tab. 4 Eigenvalues, variance contribution rates and
cumulative variance contribution rates of principal components
EWAHET FHIEE JETRE/% Rt 2 00kE /%
1 6.136 40.905 40.905
2 4.686 31.240 72.145
3 1.496 9.975 82.119
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Fig. 6 PCA score plot from 10 batches of bran stir-fried and
sand-scalded Aurantii Fructus Immaturus
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Fig. 7 Loadings plot from 10 batches of bran stir-fried and
sand-scalded Aurantii Fructus Immaturus

X3-narirutin;  X4-naringin;  X5-rhoifolin;  X6-hesperidin; X7-
neohesperidin; X9-naringenin; X10-hesperetin; X13—nobiletin;
X15- synephrine; X1, X2, X8, XI11, X12, XI14 were unknown
components.
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Fig. 8 Hierarchical cluster analysis from 10 batches of bran
stir-fried and sand-scalded Aurantii Fructus Immaturus
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Fig. 9 PLS-DA score 3D plot from 10 batches of bran
stir-fried and sand-scalded Aurantii Fructus Immaturus
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Fig. 10  VIP of 15 chromatographic peaks in PLS-DA model
from 10 batches of bran stir-fried and sand-scalded Aurantii
Fructus Immaturus
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Tab. 5 Content determination result of bran stir-fried
Aurantii Fructus Immaturus(n=2) %

e S R B B WE Wik R IR ek
BtF H WO M R R R MK
Fl 147 2101 012 036 10.50 0.10 0.06 0.11 0.89

F2 142 17.05 0.13 0.60 14.08 0.11 0.08 0.12 0.43

F3 143 1539 0.10 021 580 0.12 0.03 0.10 045
F4 1.69 1490 0.08 029 516 0.12 0.04 0.08 0.40
F5 148 2032 0.11 042 1182 0.12 0.02 0.10 0.49
Fé 1.77 2127 0.13 045 996 0.13 0.04 0.10 0.63
F7 1.56 19.26 0.12 0.60 1523 0.16 0.04 0.11 0.96
F8 1.51 17.06 0.13 0.69 14.67 0.17 0.04 0.11 1.01
F9 146 18.87 0.12 037 926 0.14 0.04 0.11 047
F10 126 14.09 0.16 0.77 16.26 0.14 0.05 0.09 1.15
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Tab. 6  Content determination result of sand-scalded
Aurantii Fructus Immaturus(n=2) %

.. WA R BFE W WE M #EC IR ¥k

Bty RO i R R® R K
TI  L16 1436 0.16 048 11.83 020 0.06 0.13 0.97
T2 152 13.67 0.19 057 10.89 021 0.08 0.16 0.59
T3 139 1262 0.3 0.9 504 015 004 012 020
T4 193 1288 020 053 6.61 025 004 017 0.57
TS 164 1409 025 055 991 026 008 022 0.57
T6 159 18.09 0.17 049 10.02 022 006 0.14 0.71
T7 120 14.08 0.16 0.65 14.66 0.9 008 0.12 0.97
TS 172 1348 0.1 099 1198 0.4 007 0.08 1.19
T9 2001 1390 020 052 748 025 012 0.18 0.60
TI0 097 1194 0.17 062 1426 0.6 0.09 0.08 123
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Fig. 11 Contents of 9 components in bran stir-fried and

sand-scalded Aurantii Fructus Immaturus(x £s, n=10)
Compared with bran stir-fried Aurantii Fructus Immaturus, "P<0.01.
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