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Abstract: To understand the effects of natural fermentation on the changes of phenolic substances in Citrus microcarpa and
the inhibition of digestive enzymes, the changes of soluble total phenol, total flavone, a-amylase, a-glucosidase, and
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pancreatic lipase inhibition rates before and after fermentation were measured. The types of phenolic substances before and
after fermentation were identified by UPLC-Q Exactive Orbitrap-MS, and the differential metabolites and their enrichment
pathways were screened. Finally, the correlation relationships between the different phenolic metabolites and the inhibitory
activities of the above digestion-related enzymes were analyzed based on the correlation coefficient. The results showed that
natural fermentation could increase the contents of soluble total phenol and total flavone by 9.20% and 23.68%,
respectively, and increase the inhibition rates of a-amylase, a-glucosidase and pancreatic lipase from 11.90% to 28.50%. A
total of 52 phenolic substances were detected in Citrus microcarpa. Fermentation did not change the types of phenolic
substances, but it significantly increased nine phenolic substances such as nobiletin, caffeic acid, and vitexin, and
significantly decreased methoxsarin (P<0.01). The four kinds of pathways significantly affected the change of the above
phenolic metabolites, including the biosynthetic pathway of phenylpropane compounds, flavone and flavonol biosynthesis,
flavonoid biosynthesis, biosynthesis I pathway of various plant secondary metabolites. There was a significant positive
correlation between the inhibitory activities of three digestive enzymes and the four different phenolic metabolites, which
were nobiletin, apigenin, caffeic acid, and kaempferol (P<0.05). Therefore, natural fermentation can promote the release of
soluble total phenol and total flavone in Citrus microcarpa and improve the inhibition rate of digestion-related enzymes,
which can be used to effectively process Citrus microcarpa.

Key words: untargeted metabolomics; Citrus microcarpa; phenolic substances; differential metabolites; a-amylase; o-
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glucosidase; pancreatic lipase

T 44 (Citrus microcarpa) 2= &R G iR 4=
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Fig.1 Changes of soluble total phenol, total flavone, bound
phenol and inhibitory activities of a-amylase, a-glucoase
and pancreatic lipase of Citrus microcarpa before
and after natural fermentation
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Table 1 Types of phenols in Citrus microcarpa before and after natural fermentation

e 2 LA A (min) T8 BT (m/z) MSMS(m/z)  CASS  REGT ABE HUIHRE
1 B RS R 8.985 372.12 373.13 [M+H]" 373.13,343.08  481-53-8 + + g
2 BB JFRER 6.92 270.06 271.06[M+H]' 271.06 520-36-5 + + 7
3 BEIE FSER-7-0-p-D-ML i A 497 432.11 433.11[M+H]" 433.11,271.06  578-74-5 + + 7
4 BB AR 5.32 300.07 301.07[M+H]" 301.07,286.05  520-34-3 + + 7
5 B2 SRR 6.16 316.06 317.06[M+H]" 317.06,302.04  480-19-3 + + =
6 BB 1L 7.05 286.05 287.05[M+H]" 287.05 520-18-3 + + =
7 B NS 6.31 286.05 287.05[M+H]" 287.05 491-70-3 + + =
8 RS JIBRR 2% 8.41 402.13  403.13[M+H]" 403.13,373.09  478-01-3 + + &
9 RS R 435 448.11 449.11[M+H]" 449.11,329.07 28608-75-5 + + jos
10 EEIK HIRE 458 432,11 433.11[M+H]" 433.11,283.06 3681-93-4 + + b=
11 BB Hb SR ] 6.19 608.16 607.16[M-H]" 607.16,299.05  520-34-3 + + w
12 B HEAH 3.84 596.16 595.16[M-H]” 595.16,355.08 13463-28-0 + + b
13 BB AR 8.32 344.08 343.08[M-H]™ 343.08,313.03 152743-19-6  + + =
14 [ 5.04 372.11 371L.11[M-H" 371.11,59.01 2306-27-6 + + 2
15 B SRR 4344 448.09 447.09[M-H]” 447.09,61.98 23627-87-4 + + 2
16 B GES YeRT-2 4.002 594.15 593.15[M-H]” 593.15,353.06 23666-13-9 + + g
17 B IR -2"-0- AR 4.57 578.17 579.17[M+H]+ 579.17,313.07 64820-99-1 + + =
18 S R 5.12 346.07 347.07[M+H]+ 347.07,332.05  489-33-8 + + =
19 TECEEE L 4.96 302.08 303.08[M+H]" 303.08,153.08  520-33-2 + + i
20 EHEARE it A 5.31 610.18 609.18[M-H]™ 609.18,301.07  520-26-3 + + 5
21 AR BAIE 7.45 518.17 517.17[M-H]" 517.17,168.04 52589-11-4 + + b
22 ZAEEAER B B 5.199 610.19 611.09[M+H]" 303.08 13241-33-3 + + w
23 AR EiNCE 13.71 592.27 593.27[M+H]" 593.27,533.25 20633-93-6 + + 2
24 TECETRE Isomargaritene 5.17 592.18 593.18[M+H]" 327.08 64271-11-0  + + 2
25 AR Margaritene 5.50 592.18 593.18[M+H]" 327.08297.07 64271-10-9  + + b
26 _HAH il e % 5.005 272.07 273.07[M+H]" 273.07,153.01  480-41-1 + + w
27 EAH R 5.49 274.09 275.09[M+H]" 107.04 60-82-2 + + =
28 A AT Ay 5.07 610.19 611.19[M+H]" 303.08 10236-47-2 + + g
29 A AH R H 5.48 436.12  435.12[M-H] 273.07 60-81-1 + + =
30 EAEHM  MREE-3.S-T-CA-RARHT 4714 598.18 597.18[M-H] 357.09 357401-40-2  + + &
31 [irEs 2-FRIL N EERR 5.61 164.03 163.03[M-H]" 119.04 583-17-5 + + =
32 [irEs INHERR 427 180.03 179.03[M-H]" 179.03,135.04 501-16-6 + + o
33 [irEs SRR 3.8 354.08 353.08[M-H] 191.05 327-97-9 + + g
34 [IirEs T 6.11 164.07 163.07[M-H] 119.04 97-53-0 + + =
35 [Ii7Es T 5.096 224.06 223.06[M-H]" 223.06,208.03 7362-37-0 + + w
36 [Ii7Es WEFIR 2.26 170.02  171.02[M+H]" 111.00 149-91-7 + + w
37 R Je iR 0.78 211.85 212.85[M+H]" 212.85 25351-24-0 + + w
38 RIS BEF® 226 170.02 171.02[M+H]" 111.00,139.00  149-91-7 + + w
39 HHFER T-RIEFEHE 119 162.03  163.03[M+H]" 163.03 93-35-6 + + b=
40 EHEHEHR HFHE 5.36 146.04 147.04[M+H]" 91.05 91-64-5 + + b
41 HEHEHR B R 5.31 178.03  179.03[M+H]" 133.10 305-01-1 + + b=
4 HEHEHR CEE=RUVIN 7.42 216.04 217.04[M+H]" 217.04,202.02 298-81-7 + + b=
43 BEEERKE REFER 5.19 192.04 193.04[M+H]" 193.04,133.02  92-61-5 + + &
44  FEEHK LA 3.85 370.08 369.08[M-H] 125.02 524-30-1 + + pis
45 RS Wit Rz % 6.36 302.04 301.03[M-H]° 151.00 117-39-5 + + g
46 EFREESE T 4.64 610.15 609.15[M-H]” 609.15,300.02  153-18-4 + + %
47 R o1 R 9.078 394.15 395.15[M+H]" 395.15,365.06  83-79-4 + + 2
48 AEHERK BT R R 474 594.16 595.16[M+H]" 287.05 18719-76-1 + + 2
49 AKfgFE¥k BT 7.948 53420 533.20[M-H]" 61.98 20362-31-6 + + 2
50 HoAth TR 522 270.17 271.17[M+H]" 271.17 53-16-7 + + b
51 HeAth I F BRSO AR G 4.993 340.07 339.07[M-H]” 223.06 76656-81-0 + + 2
52 HoA S REH 5.12 420.13  419.13[M-H] 213.09 32727-29-0 + + 2

T+ SR AR R i PRI s = SFRom i S AR RO i PR B AR I
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Fig.3 PCA scores of phenolic substances of Citrus microcarpa
before and after natural fermentation
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Fig.4 KEGG enrichment of differential phenolic substances in Citrus microcarpa before and after natural fermentation
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Table 3 Metabolic pathways involved in significant differences of phenolic substances
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Fig.5 Thermal map of correlation between phenolic differential metabolites and biological activity of Citrus microcarpa
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