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Abstract: Bitter almonds (Semen Armeniacae Amarum) are prone to oil deterioration during storage, so they
often require mashing prior to clinical use. To confirm the medical value of bitter almonds "being mashed when
used" and to determine the optimal storage conditions for bitter almonds, UPLC-MS/MS was used to perform a
comparative study of the chemical composition of bitter almonds in different storage states (mashed and unmashed),
storage times (0, 2 and 4 weeks), and storage temperatures (25 °C and 4 °C). A total of 58 substances were identified
in bitter almond extracts through literature review, this group's previous work, and a Compound Discoverer software
search. Statistically significant differences were found in the chemical composition and content of bitter almonds in
different storage states, storage times, and storage temperatures. The results show that the chemical composition of
bitter almonds stored unmashed was more stable than that of bitter almonds stored mashed; the chemical composi-
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tion of bitter almonds stored at 4 °C was more stable than that of bitter almonds stored at 25 °C; and the shorter the

storage time, the less the chemical composition changed. Amygdalin, the main medicinal component of bitter

almonds, showed statistically significant differences in content under the above three storage conditions, which can

be used as a potential quality marker for bitter almonds.
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Table 1 The storage conditions of Semen Armeniacae Amarum

Storage duration/W  Storage temperature/°C Storage state

0 — —

2 25 Mashed

2 4 Mashed

2 25 Unmashed
2 4 Unmashed
4 25 Mashed

4 4 Mashed

4 25 Unmashed
4 4 Unmashed
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Figure 1 The base peak intensity (BPI) chromatographic peaks
of Semen Armeniacae Amarum in negative mode (A) and positive

mode (B)

Table 2 Identification of the chromatographic peaks of Semen Armeniacae Amarum mass spectrum
ty Measured  Theoretical . .
No. . Mode ppm MS/MS Formula Identification
/min value value
1 143 [M-H] 131.0461 131.046 2 -0.76  114.019 6, 95.025 0, C,HN,O;  Asparagine
88.040 3
2 1.44 [M-H]  132.0301 132.030 2 -0.76  115.003 6, 114.019 6, C,H,NO, Aspartic acid
88.040 3,71.013 8
3 1.44 [M-H]  146.0458  146.0459 -0.55 128.0352,102.056 0 CHNO,  Glutamic acid
4 1.47 [M-H] 195.050 9 195.051 0 -0.51 177.0405,129.0193, CH,,0, Gluconic acid
99.008 7
5 1.49 [M+H]" 127.0390  127.0389 0.79  109.028 4, 99.044 0, CHO, 5-Hydroxymethyl-2-furaldehyde
97.028 4
6 1.50 [M+H]" 116.0706 116.070 6 0.00 98.984 1, 70.065 2 C,H,NO, D-Proline
7 1.56 [M-H]  191.0561 191.056 1 0.00 173.0453,127.0400, C,H,O, Quinic acid
85.029 4
8 1.57 [M+H]" 112.0505 112.050 5 0.00 95.024 0, 84.080 7, C,HN,O Cytosine
69.044 8
9 1.57 [M+H]" 166.0862  166.086 3 -0.30 120.0810,103.0546, C/H,NO, Phenylalanine
91.054 5
10 1.58 [M+H]" 244.0927  244.0928 -0.41 227.067 2,112.050 5 C,H;N,O; Cytarabine
11 1.60 [M-H]  341.108 2 341.108 9 -2.05 179.0555,119.0349, C,H,,0, Trehalose
101.024 3, 89.024 3
12 1.64 [M-H] 128.0352  128.0353 -0.78  82.0297 CHNO,  4-Oxoproline
13 1.64 [M-H] 133.014 1 133.014 2 -0.75 115.003 5, 89.024 4, C,HO; Malic acid
71.013 8
14 1.64 [M+H]" 130.0863  130.0862 0.77 84.080 7 CH,NO, Pipecolic acid
15 1.65 [M-H]  115.0034  115.003 7 -2.61 710138 CH,0, Fumaric acid
16 1.65 [M-H] 155.009 5 155.009 8 -1.94 111.0199 CHN,0, Orotic acid
17 1.90 [M-H]  312.1096  312.108 9 2.34 161.044 8,150.0552, C,,H,/NO, Mandelic acid amide-f-glucopyranoside
113.023 4,71.012 6
18 1.95 [M-H] 4741635 474.1617 3.80 263.078 6,245.068 0, C,H,)NO, Mandelic acid amide-f-gentiobioside
221.066 8, 179.055 7,
161.044 9, 150.055 2
19 202 [M-H] 4741619 4741610 190 150.0552 C,,H,,NO,, Amygdalin amide
20 224 [M-H] 111.0087  111.008 8 -0.90 83.0139,67.0189 CH,0, 2-Furoic acid
21 2.25 [M+H]" 268.1035 268.104 0 -1.86 136.061 8 C  H.N.O, Adenosine
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Continued
No t“_ Mode Measured - Theoretical ppm MS/MS Formula Identification
/min value value
22 227 [M-H] 191.0196 191.0197 -0.52 173.0196,147.0296, CH.O, Citric acid
129.019 3
23 2.28 [M+H]" 124.0394  124.0393 0.81 97.007 5, 80.049 4 CHNNO,  Nicotinic acid
24 242 [M+H]" 132.1018  132.1019 -0.76  86.096 4, 69.069 9 CH NO, L-Isoleucine
25 2.88 [M+H]" 123.0554  123.0552 1.63  106.073 3, 96.044 3, CHN,O  Nicotinamide
80.049 5
26 3.08 [M-H] 475.1455 4751457 -0.44 431.1541,161.0448, C,H, 0, Mandelic acid-f-gentiobioside
113.022 4, 101.023 3,
89.0232,71.0126
27 3.58 [M-H]  431.1563  431.1559 0.97 269.1029,161.0446, C H,O,  Benzyl-f-gentiobioside
113.022 3, 89.023 2,
71.012 6,59.012 6
28 3.69 [M-H]  151.0393  151.040 1 -5.03 107.049 1, 59.012 7 CH,O, Mandelic acid
29 421 [M+H]" 134.0602  134.060 0 1.49  106.065 1, 79.054 2 CH,NO Oxindole
30 432 [M-H] 456.1516  456.1511 1.10  174.956 0, 161.044 9 C,,H,,NO,, Neoamygdalin
31 493 [M+H]" 188.0707 188.0706 0.53  170.060 0, 142.065 1,  C, HNO, Indoleacrylic acid
118.065 1
32 495 [M+H]" 146.060 1 146.060 0 0.68 118.065 1 C,H,NO 4-Indolecarbaldehyde
33 498 [M-H] 203.0825  203.0826 -0.49 186.0556,159.0923, C H,N,0, Tryptophan
142.066 1, 116.050 5
34 5.11 [M+H]" 4332213 4332221 -1.85 384.1907,369.168 4 C,H,,0, Schisandrin
35 526 [M-H]  353.0881 353.0878 0.85 191.0056 1, 147.1664 C H O, Chlorogenic acid
36 542 [M+H]" 296.1122  296.112 8 -2.03 145.049 6,134.0600, C H_ NO, Prunasin
116.049 4
37 543 [M-H] 456.1516  456.1511 1.02 221.0662,203.0558, C,H,,NO, Amygdalin
179.055 4, 161.044 8
38 5.94 [M+H]" 173.1073 173.107 3 0.00 172.9952,171.993 0 C, H,N, 3,5-Dimethyl-1-phenylpyrazole
39 6.46 [M-H] 173.0819  173.0819 0.00 155.0710,111.0815 CH, O, Suberic acid
40 6.98 [M-H] 221.1044 221.1044 0.00 165.041 6, 164.034 0 C,,H,/N,O, 3-Isobutyl-1-methylxanthine
41 6.98 [M+H]" 356.1853  356.1856 -0.84 340.1522,277.0476, C,H,NO, Tetrahydropalmatine
192.101 8, 165.090 9
42 7.65 [M+H]" 336.1225  336.1230 -1.49 320.0910, 306.0754, C,H NO, Berberine
278.081 5
43 7.72 [M-H]  253.0509  253.0506 1.19  224.048 5,209.059 8 C,H,0, Daidzein
44 8.13 [M-H]  138.0196 138.0197 -0.72  108.021 6 CHNO,  4-Nitrophenol
45 9.04 [M+H]" 187.0388  187.0390 -1.07 143.0492,131.0490, C HO, Psoralen
151.054 1, 88.021 5
46 9.52 [M-H]  221.0818 221.0819 -0.45 177.0923,121.029 5 C,H,0, Monobutylphthalate
47 10.07 [M-H]  321.1131 321.1132 -0.31 277.0508,265.0506, C,H O, Neobavaisoflavone
252.024 7
48 10.11 [M-H]  295.228 1 295.2279 0.68 277.2177,181.1458 CH,,0, Hydroxy-octadecatrienoic acid
49  10.34 [M+H]" 473.1440  473.1442 -0.42  193.049 4, 149.023 5 C,H,0,  1,6-bis-O-[(2E)-3-(4-Hydroxyphenyl)-2-
Propenoyl]- B-D-Glucopyranose
50 10.67 [M+H]" 2952269 2952268 034 2772147 C,H,,0, (9Z,11E)-13-Oxooctadeca-9,11-dienoicacid
51 11.07 [M+H]" 4152115 4152115 0.00 400.188 8, 119.085 5 C,H,,0, Bis(4-ethylbenzylidene)sorbitol
52 1118 [M+H]" 183.0804  183.080 4 0.00 105.0335 C,H,0 Benzophenone
53 11.30 [M-H]  269.0454  269.0455 —0.37 241.0508,225.0554, C H, O, Genistein
197.060 8
54 1140 [M-H] 2552326  255.2329 -1.18 57.3090 C,H,,0, Palmitic acid
55 11.86 [M+H]" 339.1582  339.1591 -2.65 271.0955,219.1013, C,H,0, Bavachinin
147.044 0, 119.049 0
56 1191 [M-H]  389.176 5 389.1758 1.80 277.0505,265.0506, C,H,O, 3-{3-[(2E)-3,7-Dimethyl-2,6-octadien-1-
252.043 0 Y1]-4-hydroxyphenyl}-7-hydroxy-4H-
chromen-4-one
57 12.79 [M+H]" 262.1434  262.143 8 -1.53  149.3441,121.058 7 C,H,/NO, MDPBP
58 1296 [M+H]" 219.1742  219.1743 046 177.1270,163.1116, C H,0 3,5-di-tert-Butylbenzaldehyde

123.080 5, 121.101 0
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Figure 3 OPLS-DA score chart and its replacement test chart of
Semen Armeniacae Amarum with different mashing states in

positive (A) and negative (B) ion modes

Table 3

Armeniacae Amarum with different mashing states. VIP: Variable

Different compounds can be identified by Semen

importance in projection; FC: Fold change

Compound VIP value P value FC value
Fumaric acid 1.03 3.61E-13 3.34
Asparagine 1.67 4.74E-08 2.13
Indoleacrylic acid 1.00 7.66E-08 2.10
3,5-di-tert-Butylbenzaldehyde 4.03 0.006 295 11.72
Amygdalin 2.31 0.010 183 7.16
Nicotinic acid 3.02 0.012 177 2.10
MDPBP 1.11 0.021 144 4.20
Gluconic acid 1.94 0.025 285 3.18
Glutamic acid 2.36 0.029 055 2.86
Palmitic acid 1.83 0.041 540 0.28
Nicotinamide 1.75 0.049 483 0.43
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positive (A) and negative (B) ion modes
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Table 4 Different compounds can be identified by Semen Arme-

niacae Amarum with different temperature

Compound VIP value P value FC value
Nicotinamide 4.12 2.08E-08 0.28
Cytarabine 1.26 3.30E-08 0.42
Tryptophan 1.36 9.03E-08 0.42
Malic acid 2.31 6.87E-07 0.41
Fumaric acid 1.53 7.68E-07 0.40
Amygdalin 1.45 2.67E-06 0.43
1,6-bis-O-[(2E)-3-(4-hydroxy- 1.20 3.85E-06 0.41
phenyl)-2-propenoyl]-f-D-

Glucopyranose

Glutamic acid 1.50 1.17E-05 0.28
Gluconic acid 2.13 0.000 101 0.10
Prunasin 1.27 0.000 753 0.15
Adenosine 1.69 0.010 515 5.65
Proline 2.64 0.012 215 6.48
Bavachinin 1.21 0.028 265 5.94
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Figure 5 OPLS-DA score chart and its replacement test chart

of Semen Armeniacae Amarum with different storage duration in

positive (A) and negative (B) ion modes
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Table 5 Different compounds can be identified by Semen Arme-

niacae Amarum with different storage duration

OWvs2 W 2Wvs4W
Compound VIP FC VIP

! value P value value value P value value
Prunasin 1.82  1.26E-11 3.32 1.02 0.010 102 3.07
Tryptophan 1.14  1.09E-06  4.62 1.02 0.030633 3.67
Amygdalin 1.18  3.89E-05 5.31 1.37 0.047 550 2.25
Fumaric acid 1.22  0.000586 2.34 1.18 0.002 866 2.07
Gluconic acid 1.27 0.001359 2.15 1.04 0.040 550 3.28
Adenosine 244 0.002163 2.89 - - -
Pyroglutamic acid 1.37 0.002780 2.10 233 0.040 751 5.96
Bavachinin 1.10 0.004 820 0.49 - - -
Proline 1.30 0.017430 2.16 - - -
Oxindole 1.34 0.018239 2.10 - - -
Glutamic acid 2.53  0.033580 6.88 1.22  0.042699 8.38
Palmitic acid 1.24 0.045508 030 429 0.034588 0.27
Cytosine - - - 1.55 0.011431 0.33
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