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Abstract: To study the changing relationship between the fingerprint characteristics of tangerine peel’s flavonoids in the terahertz band
and their structural information, terahertz time-domain spectroscopy (THz-TDS) technique combined with density functional theory (DFT) was
used for simulation and experimental analysis of the terahertz absorption spectra of the flavonoids in thetangerine peel. First, the terahertz
absorption spectra of hesperidin, nobiletin and tangeretin in the 0.2~2.0 THz frequency band were obtained by using flavonoid compound tablet
experiments. It was found that hesperidin exhibited two distinct characteristic absorption peaks at 1.63 and 1.89 THz. Nobiletin has four
characteristic absorption peaks at 0.42, 0.66, 0.97 and 1.51 THz, tangeretin can observe three absorption peaks at 0.41, 0.53 and 1.03 THz. Then,
the B3LYP hybrid functional method based on density functional theory used the 6-31G (d, p) and 6-311G (d, p) basis groups to analyze the
hesperidin, nobiletin and tangeretin in the tangerine peel, and their terahertz vibrational spectra were simulated and calculated. The results
showed that most of the absorption peaks of flavonoids came from the torsional vibration of their dihedral angles, and the highest proportion was
13.0%, 17.0% and 25.2%, respectively. This study reveals the response mechanism of terahertz characteristic peaks of flavonoids, which has
important reference value for rapid detection of flavonoids in the tangerine peel by terahertz spectroscopy.
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Table 1 Assignment of vibrational modes of absorption peaks of hesperidin
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1 C(31) C(32) C(35) C(36) (2.3%)
1 C(31) C(32) C(35) C(40) (2.3%)
TH(70) C(32) C(35) C(36) (2.2%)
10(33) C(32) C(35) C(36) (2.1%)
TH(70) C(32) C(35) C(40) (2.1%)
10(33) C(32) C(35) C(40) (2.0%)

1.63

1C(26) C(30) C(31) H(69) (-1.3%)
10(34) C(30) C(31) H(69) (-1.3%)
1C(26) C(30) C(31) C(32) (-1.2%)
10(34) C(30) C(31) C(32) (-1.2%)
1C(26) C(30) C(31) H(68) (-1.1%)
10(34) C(30) C(31) H(68) (-1.1%)

1.90

1C(37) C(38) O(42) C(43) (-2.2%)
1C(39) C(38) O(42) C(43) (-2.2%)
10(34) C(30) C(31) H(69) (1.7%)
T C(26) C(30) C(31) H(69) (1.6%)
1C(26) C(30) C(31) C(32) (1.5%)
10(34) C(30) C(31) C(32) (1.5%)
TH(69) C(31) C(32) C(35) (-1.5%)
1 C(26) C(30) C(31) H(68) (1.4%)
T0(34) C(30) C(31) H(68) (1.4%)
1C(30) C(31) C(32) C(35) (-1.4%)

E: r KT Z@ AR, A5 RTIRERGIRSAULADR, B 2R TR R TR E L.

308



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.5

2 )IIBRE RER SRR VA B Hind

Table 2 Assignment of vibrational modes of absorption peaks of nobiletin

HEEMR  FEEETHz  329%{A/THz

X2

TC(11) C(9) O(10) C(5) (3.8%)
1C(3) C(@) C(7) C(8) (3.2%)
1C(5) C(@) C(7) C(8) (3.2%)

1C(8) C(9) O(10) C(5) (2.9%)

1C(1) C(2) 0(20) C(21) (5.9%)
1C(3) C(2) O(20) C(21) (5.6%)

1 C(4) C(3) O(18) C(19) (-4.3%)
1 C(2) C(3) O(18) C(19) (-4%)

0.66 0.68
151 1.50

NEKRE
1.84

1C(12) C(13) O(28) C(29) (6.4%)
1C(14) C(13) O(28) C(29) (6.1%)
1 C(13) 0(28) C(29) H(49) (5.8%)
1C(13) O(28) C(29) H(50) (5.6%)
1C(13) O(28) C(29) H(51) (5.6%)

7 3 W RIS REMER B A
Table 3 Assignment of vibrational modes of absorption peaks of tangeretin

HEAEMF  FBEETHz  B%{E/THz

X2 B

1 C(20) C(9) O(10) C(5) (3.6%)
1C(5) C(4) C(7) C(8) (3.5%)
1C(@) C(3) O(12) C(13) (-3.2%)
1C(5) C(4) C(7) O(11) (3.2%)
1C(3) C(d) C(7) C(8) (3.1%)
1C(3) C(4) C(7) O(11) (2.8%)
1C(8) C(9) O(10) C(5) (2.8%)
1C(2) C(3) O(12) C(13) (-2.6%)

TC(8) C(9) C(20) C(25) (-6.4%)
10(10) C(9) C(20) C(25) (-6.4%)
T C(8) C(9) C(20) C(21) (-6.2%)
10(10) C(9) C(20) C(21) (-6.2%)

1C(4) C(3) 0(12) C(13) (-5.5%)
1C(2) C(3) 0(12) C(13) (-4.9%)
1C(2) C(1) O(16) C(17) (-3.9%)
10(12) C(3) C(4) C(7) (3.8%)
1 C(6) C(1) O(16) C(17) (-3.6%)
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B
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