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Effects of green husk browning on components and antibacterial
activity of extractsfrom walnut
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Abstract: Active ingredients of walnut green husk were extracted by two-phase salt precipitation extraction
method, sequentially using petroleum ecther (PE), dichloromethane (DCM), ethyl acetate (EA), and
n-butanol (n-BuOH) as solvents to obtain fraction 1~4 through extraction and separation. The compound
compositions of the fractions were identified by ultra-high performance liquid chromatography quadrupole
electrostatic field orbital trap mass spectrometer. Antibacterial experiments against E. coli, S. aureus, and B.
subtilis were conducted to analyze the influence of browning and non-browning of walnut green husk on
the fractions and antibacterial activity of the extracts. The correlation between extract compositions and
antibacterial activities was analyzed by network pharmacology and molecular docking methods, and the
main antibacterial components and their mechanisms in walnut green husks were explored. The results
showed that while the antibacterial activities of fraction 2 (DCM extract) and fraction 3 (EA extract) were
insignificantly affected by browning of walnut green husk (P>0.05), those of fraction 1 (PE extract) and
fraction 4 (n-BuOH extract) were significantly influenced (P<0.05). Compared with those of non-browning
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walnut green husk, the antibacterial activities of fraction 1 against E. coli, S. aureus, and B. subtilis
decreased by 100.00%, 36.58%, and 39.53% against the tested bacteria, while those of fraction 4 increased
by 128.49%, 53.33%, and 78.50%, respectively. The reduced antibacterial activity after browning of walnut
green husk was correlated with decreased content of quinone compounds (2-hydroxy-1,4-benzoquinone,
2-hydroxy-1,4-naphthoquinone, 1,4-naphthoquinone and hydroquinone), flavonoid compounds (quercetin
pentaacetate, naringenin and isoquercetin), and steroid compounds (prsapogemin A and 3,5-dihydroxycholestan-
6-one), whereas enhanced antibacterial activity was associated with increased content of quinone derivatives
[tetrahydroxyquinone, menaquinone and 2-(hexadecylamino)naphthalene-1,4-dione] and alkaloids (minovincinine).
Fraction 1 and fraction 4 mainly exerted antibacterial effects through negative regulation of apoptosis
processes, binding to the same proteins, and enzyme binding pathways.
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Table 1 Antibacterial activities of different components of
walnut green husk extract
E. coli S. aureus B. subtilis
H . %= e 7% - 7%
7 mEEE L, WwRE L WEEE
12 /mm - 12 /mm o 12/mm o
- P - 3 - {3
N-1  12.22+0.81 - 23.81+£0.35 - 25.45+0.94 o
H-1 — 15.10£1.03 15.39+1.35
N-2  16.21+0.48 25.31+1.41 19.82+1.89
O O O
H-2  16.63%£1.02 25.82+1.00 19.32+1.10
N-3  13.02+1.33 15.83+£0.67 16.91+0.92
O O O
H-3  13.12+1.10 15.40+0.52 16.80+0.82
N-4  13.48+1.58 - 16.37+1.34 x 14.79+1.88 x
H-4 30.80+1.13 25.10+1.58 26.40+2.18

e =7 FRBEAEWEEM; 7 RANEZERLE
(P<0.05) ; “O” FARMHEEFAEE (P>0.05) .

M 1 FIE 1L ATRE H, N-2 F1 H-2 BT
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SWARE (P>0.05), RIFWAXTL 5 2 F 7 3
BRI B 6 PR R S 2 T N1 R H-1 B T
£S5 E (P<0.05), N-4 il H-4 Y305 15 122 55
3 (P<0.05), RUMEASXTL 7 1 F4 5 4 B9
TR B 2 ot N-1 Xt E. coli MR Ay (12.22+
0.81) mm, H-1 X%t E. coli LI G, FBFXF S.
aureus 1 B. subtilis [NINERCREE N-1 435l FEAL T
36.58%%1 39.53%. Ml 4 HBL5E 2 AH R 1E O,
H-4 %} E. coli. S. aureus # B. subtilis BN H 47
WIS N-4 B4/ T 128.49% .. 53.33%H1 78.50%. L) I
SRR, BT B AR XA [ 750 2K BRUZH 43 B
WiGEA 25,

22 HWERNEEER

B2 o 1 RS EER, R 28 N-1F
H-1 BTHE (MS) W48, B 3 a5 1
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Fig. 1 Antibacterial photos of different components of B2 4571 WEETaiER
walnut green husk extract Fig. 2 Total ion chromatograms of fraction 1
2 41 MS B E SR
Table 2 MS identification results of fraction 1 compounds
g BRI mz M0 TR o Nl R
/min s WEM
1 2527  [M+H] 162.1155  163.1228 -0.87 CioHuN;  1-FEE2-G-MEIEED)MEIg e + -  mzCloud
2 11.763  [M+H]" 512.0939  513.1012 -3.04 CosHyoOn  Mithe R i 4 WG + - mzCloud
3 12,600  [M+H] 369.1940  370.2014 0.19 CpHyNO, g -+ mzCloud
4 12818  [M+H] 272.0679  273.0752 -1.93 CisHp05 M E + - mzCloud
5 14515 [M+H] 124.0160  125.0233 0.02 C¢H,40; 2-F2J-1 40K R + - mzCloud
6 15264  [M+H]' 578.1415  579.1488 -1.55 CyoHa01,  JRAEH & B2 + - mzCloud
7 15701  [M+H] 158.0369  159.0438 1.36 C10He0, 1,4-Z5R + + mzCloud
8 16421  [M+H]" 174.0309  175.0389 —4.19 C1oH40s 2-F4H-1,4- 25T + + mzCloud
9 17.204  [M+H]" 372.1563  373.1636 -2.58 CyHyOs  H3ETHIT + - mzCloud
10 17.565 [M+H] 110.0373  111.0442 4.70 C6H,0, A + - mzCloud
11 17.851  [M+H] 464.0955  465.1028 0.07 CyHy0n Stz E + - mzCloud
12 18954  [M+H] 7224206  723.4279 —4.83 CyHpOn  EHIRBTT A + - mzCloud
13 19395  [M+H]' 280.1306  281.1379 -1.66 CisHyOs  BHELH5 P IR + + mzCloud
14 20076 [2M+ACN+H]" 198.0316 438.0974 -0.16 C1,HsO; Z5IF[2,3-b1WKI-4,9- il +  + mzCloud
15 20223 [M+H] 298.0836  299.0909 -1.53 CiyH1405  5-F83k-6,7-— H AL BT ~  + mzCloud
16 20339 [M+H] 246.1250  247.1323 221 CisHis0;  thaa +  + mzCloud
17 23171  [M+H]" 418.3443  419.3516 -0.83 CyHu0s  3,5- R FAH S -6-H7 + - mzCloud
18 23303 [M+H] 456.3601  457.3669 —0.36 CioHyOs  FFHURM + + mzCloud
19 24522  [M+H] 409.2973  410.3046 -1.91 CyHNO,  ZEFk -+ mzCloud
20 24.633 [M+H-H,0T 256.2401  239.2369 -0.27 CieH»0,  FHAR + - mzCloud
21 26578  [M+H] 295.1209  296.1282 0.41 CisHsNO; AR R -+ mzCloud
22 26692 [M+H] 337.3338  338.3412 -1.75 CpHiENO  FFFREE -+ mzCloud
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Fig. 3 Heat map of difference analysis of fraction 1 compounds
before and after browning
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Fig. 4 Total ion chromatograms of fraction 4
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Table 3 MS identification results of fraction 4 compounds

- " = e

B AT IE:{;’\ %Fﬁﬁj’; D R0 TR WESE N4 H4
1 0.513 [M+H]' 152.0471 153.0543 -1.01 CsH;0; 4FRIE3-HEAFEHE -+ mzCloud
2 1.61  [M+H] 247.1053 248.1126 -1.01 CHsNOs  Boc-L-A4 M2 + -  mzCloud
3 1.814 [M+H] 117.0788 118.0861 -0.72 CsH,NO, L% + 4+ mzCloud
4 2.843  [M+H] 118.0267 119.0338 1.47 C,HsO,4 T -+ mzCloud
5 2.858 [M+H] 170.0212 171.0284 -1.86 C;H,Os BETmR + + mzCloud
6 2874 [M+FA-H]T  326.1207 371.1188 -1.57 C12Hx010 ZEAE -+ mzCloud
7 597  [M+H] 136.0521 137.0594 -1.82 CsH;0, o R AR P + + mzCloud
8 6.365 [M+H]' 198.0523 199.0596 —2.43 CoH 005 THR + 4+ mzCloud
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g P ey | WATRE@D a0 aEs W N4 D4 PR
Fs} 6] /min T WM E Al cds
9 6.889 [M+FA-H]"  194.0569 239.0553 -4.92 CioH,00;4 PRI B + -  mzCloud
10 7.749  [M+H] 138.1041 139.1115 -1.99 CoH,,0 SR + + mzCloud
11 9.798 [M+FA-H]"  250.1410 295.1392 -2.19 C11H,04 EY b + + mzCloud
12 9.947 [M+H] 147.0531 148.0603 -0.27 CsHoNO, DL-A & + -  mzCloud
13 10.016 [M+FA-H]"  522.2092 567.2073 ~1.64 CyH3,01, &Y e + -  mzCloud
14 10.686 [M+H] 326.0993 327.1066 -2.39 Ci5H,504 FERRTT + + mzCloud
15 10.852 [M+H] 134.0214 135.0286 —0.85 C,HqOs SRR + 4+  mzCloud
16 14456 [M+H] 172.0006 173.0079 —-0.75 CeH,06 PUFEHEATR -~ + mzCloud
17 18.888 [M+H] 512.3637 513.3709 -3.39 C36Hiz0, FH L2510 -+ mzCloud
18 18967 [M+H] 138.0316 139.0389 —0.44 C7H40;5 KGR -+ mzCloud
19  20.839 [M+H] 397.2981 398.3046 0.29 CyHyNO, LY d + + mzCloud
20 22168 [M+H] 354.1934 355.2007 241 CyHyN,0;  Minovincinine + + mzCloud
21 25999 [M+H] 488.3516 489.3589 3.00 C30Hy505 TR + -  mzCloud
22 26286 [M+H] 439.2922 440.2995 -2.59 CuHyNOs  Sanctolide A + + mzCloud
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AIE)ZE-1,4-"1; FAIRERRMR. T,
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Table 4 Molecular docking binding energy of fraction 1 Table 5 Molecular docking binding energy of fraction 4
compounds compounds
5 &y 4t/ (kealmol) N-1_H-l ¥ ) 4 fr e/ (kealimol) N4 H-4
I 0N -6.61 -+ 1 TR -13.35 + -
2 SPECRM -6.31 o 2 HAZEW -13.10 -+
3 L&Y a -5.95 + + 3 Minovincinine -11.08 + +
4 EFRET A -5.78 + - 4 fkBWd —9.97 + +
5 35- RSB -6-T -5.73 + - 5 Sanctolide A -9.76 + +
6 FI[2,3-b]WiE-4,9- -5.67 + o+ 6 PELER -8.65 -
7 KRB -5.58 - + 7 RREA -8.34 + +
8 1-HIIE-2-(3-MEREIL) MK ke -5.33 + - 8 SR -8.05 + +
9 L4-ZMR -5.29 + + 9 4-FREE-3-HAER R ~7.59 - +
10 2-FHE-1,4-Z50R -5.12 + + 10 fkéEWec -1.57 + -
11 BN -4.95 o+ 11 XA R R ~7.50 + +
12 5ER -4.63 -+ 12 Boc-L-A& ~7.26 + -
13 k=R —4.57 + - 13 {k&¥b -7.13 + +
14 5-5HE-6,7- A LR T —4.21 - + 14 EETFR -6.67 + +
15 MR T mRME -4.03 + - 15 THR —6.65 + +
16 AR -3.97 + - 16 Kk -6.60 - +
17 F3ETHIT -3.74 + - 17 LA -6.00 + +
18 2-FE%E-1,4- 0 -3.00 + - 18 PURREAH -5.82 - +
19 JFAEH R B2 -2.64 + - 19 DL-A%M -5.63 + -
20 AR -2.39 R 20 SRR -5.50 + +
21 SRR —2.09 + - 21 FEFHE -5.35 - +
22 JTEREENE -1.20 - + 22 TR -5.16 - +

W 1cal=4.197, Fdl,
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