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ABSTRACT: Objective To investigate the effects of different storage conditions on the water migration and

volatile component changes of Zea mays, and to screen out characteristic volatile components. Methods Low
field-nuclear magnetic resonance (LF-NMR) and gas chromatography-ion mobility spectrometry (GC-IMS)
technology were used to study the changes in micro moisture, volatile component composition, and relative content
of Zea mays under controlled temperature and humidity conditions. Results With the extension of storage time,
moisture, fatty acid value, starch, and alcohol soluble protein indicators all undergo certain changes. When stored for
30 days, the moisture content reached equilibrium; the maximum value of fatty acid value was 46.11 mgKOH/100 g
when stored at 65% RH for 90 days at 30 °C, and the fatty acid value was still suitable for storage after 120 days;
storing at 20 °C was beneficial for the accumulation of starch content; alcohol soluble proteins were significantly
affected by temperature; under 65% RH conditions, as the storage temperature increased, the bound moisture content
gradually decreased, resulting in the transformation of T20 strongly bound water to T21 weakly bound water and T22
strongly bound water to T23 weakly bound water; under 55% RH conditions, as the storage temperature increased, the
bound water content gradually decreased, and the changes in the peaks of non flowing water and free water were
consistent with those of bound water; the volatile components in the sample were classified as acids (2 types), aldehydes
(20 types), ketones (15 types), alcohols (15 types), esters (12 types), furans (2 types), olefins (3 types), and amines
(1 type). Conclusion As the storage temperature increases, the ability of Zea mays to retain moisture gradually
weakens, while as the humidity increases, its ability to retain moisture increases. The high temperature and high
humidity environment promotes the release of volatile components such as aldehydes and alcohols, while ketones and
esters decrease. The 3-pentanone, 1-octen-3-one-M, 1-butanol, 3-methyl-D, 1-hexanol-D, isovaleric acid, methyl
ester can be used as characteristic volatile components to distinguish mold growth in high moisture Zea mays,
providing reference for the identification of mold growth in high moisture Zea mays.

KEY WORDS: Zea mays; storage quality; low field-nuclear magnetic resonance; volatile components; gas
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Fig.l Changes in moisture content of Zea mays with high moisture
content at different storage times
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Fig.2 Changes in fatty acid value of Zea mays with high moisture
content at different storage times
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Fig.3 Changes in starch content of Zea mays with high moisture
content at different storage times
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Fig.4 Changes in zein content of Zea mays with high moisture
content at different storage times
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Fig.5 Changes in moisture content of Zea mays under different storage conditions (same humidity but different temperature)
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Fig.6 Changes in moisture content of Zea mays under different storage conditions (same temperature but different humidity)
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Fig.7 GC-IMS chromatograms of volatile organic compounds in different samples (direct comparison)
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Fig.8 Changes in volatile components at different humidity levels at 30 °C
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Table 1 Quantitative analysis of volatile components in high moisture Zea mays under different storage conditions
Nk HE EmHFR FOLAFR N e 39 € 20 0% 30 L% Dz,
. 1 ZR-M acetic acid-M 6169.78 5274.21 4708.15 4239.63 7179.03
. 2 Z#-D acetic acid-D 738.59 498.30 329.21 277.15 1883.79
3 T 1-nonanal 1038.76 923.43 567.70 968.55 514.75
4 ECR 1-hexanol-M 623.28 222223 960.01 2314.08 2587.40
6 L P (E)-2-heptenal-M 86.28 138.62 106.89 133.90 418.56
13 P heptaldehyde-M 297.95 304.47 295.65 329.25 499.42
2 IECE-M 1-hexanal-M 1006.68 1066.49 1141.64 1231.48 248.17
23 IECE-D 1-hexanal-D 978.01 1639.82 1009.07 1464.57 1708.25
30 JKHE-M valeraldehyde-M 283.51 430.96 277.75 461.62 87.01
33 JLEE-D valeraldehyde-D 140.42 413.67 123.46 288.85 39.97
35 2-HURE TR 2-methyl butanal 662.27 203.11 38735 163.60 859.68
40 THE-M butanal-M 345.43 369.28 420.88 359.68 162.76
e 41 TH-D butanal-D 208.11 363.16 687.52 337.20 77.94
) 2- LT 2-methyl-2-propenal 67.19 81.51 166.71 130.77 82.65
44 N -M propanal-M 582.57 556.43 649.85 44374 529.08
45 NHE-D propanal-D 456.42 528.10 556.51 330.80 1583.09
57 2-Pedii (E)-2-heptenal-D 35.49 36.16 26.33 37.97 286.04
65 et 2-CATE-M (E)-2-hexen-1-al-M  105.84 124.84 118.78 105.55 396.66
66 St 2-C T -D (E)-2-hexen-1-al-D 42.67 37.27 32.34 35.65 636.10
69 PR heptaldehyde-D 37.01 3723 30.87 38.41 311.30
71 S 2- i e (E)-2-pentenal 89.22 112.62 80.94 81.89 1276.45
89 T acrolein 143.55 130.47 203.16 188.98 897.28
19 PRI cyclopentanoneD 177124 2362.77 1090.64 1279.09 634.01
32 2% 2-pentanone 69.78 170.47 74.93 174.96 109.78
36 2-1H-M 2-butanone-M 333.19 403.15 368.27 379.10 109.05
37 2-1f#-D 2-butanone-D 332.72 1016.12 961.29 1137.69 374.86
43 P 2-propanone 2858.68 4038.73 3049.64 3978.22 3768.43
49 3- 13 3-pentanone 135.03 357.22 164.88 359.79 3757.99
51 2-Cfi 2-hexanone 189.95 395.52 184.37 348.37 1378.75
Wi ss 13 45-3-1-M 1-octen-3-one-M 220.64 265.74 267.10 208.03 2349.34
56 1-45-3--D 1-octen-3-one-D 129.01 114.30 112.80 124.05 1399.93
58 it i-M 2-octanone-M 12036 156.65 14327 148.42 1321.00
59 =FAil-D 2-octanone-D 26.09 2537 29.57 19.85 100.29
63 5 1AM isovalerone-M 40.02 52.63 4237 42.70 326.37
64 —5 T AL -D isovalerone-D 25.04 20.78 27.55 23.75 177.37
80 113455 -3- 1-penten-3-one 20.89 4131 42.90 39.45 179.49
81 4-FE-2 18T 4-methyl-2-pentanone  330.98 292.83 44939 336.64 757.03




554 W BRiG 4, 45 ARERAS X E KK A E R AR 598 K o328 AL 152 ) 33
= 1(5)
; - 20°C55% 30°C55%  20°C65%  30°C 65%
VAG p == A
ZES K et PSR RH/a.u. RH/a.u. RH/a.u. RH/a.u. DZ/a..
8 JREE-M 1-pentanol-M 865.68 1601.56 988.21 1479.27 1103.04
9 SR HE-D 1-pentanol-D 226.28 765.06 329.83 860.91 1830.22
11 5 EE-M 1-butanol, 3-methyl-M  956.77 803.88 799.11 537.23 874.40
12 5D 1-butanol, 3-methyl-D  612.88 463.49 491.25 338.85 5876.25
16 IETEE-M 1-butanol-M 718.02 1120.85 1007.66 940.72 459.41
17 IET WD 1-butanol-D 280.49 994.29 1414.79 1381.03 998.05
20 S TE-M 1-propanol, 2-methyl-M  893.33 726.25 593.19 399.73 209.80
i 21 5 TELD 1-propanol, 2-methyl-D  989.98 475.4 327.17 179.36 804.14
25 ENEE-M 1-propanol-M 301.09 412.34 294.37 280.06 143.62
27 IEPRE-D 1-propanol-D 57.24 71.29 80.57 89.11 33.45
34 LB ethanol 5207.16 3997.40 5125.67 3995.48 6644.24
47 IECEE-D 1-hexanol-D 141.42 782.65 221.34 1124.30 3170.08
48 2-TH 2-butanol 17.51 49.49 31.90 21.14 35.68
53 3 2-CHi-1-BE-M (E)-2-hexen-1-0l-M  143.19 206.19 154.62 153.02 1343.04
54 [ 2-24i-1-BE-D (E)-2-hexen-1-0l-D 57.07 54.20 63.94 61.13 292.63
28 TR butanoic acid ethyl ester  177.46 231.38 231.99 173.46 151.32
% &M . R
38 ZELH acetic acid ethyl 570.52 519.75 450.06 512.28 276.54
ester-M
39 LR LD acetic acid ethyl ester-D  1501.73 1684.46 1150.15 2054.53 6190.22
62 IR R acetic acid hexyl ester 9~ 27.55 28.06 26.10 23.95 154.61
Z A B b s B ~ _
73 RS I-butanol, 3-methyl-, ;¢ 36.83 23.37 22.66 487.21
acetate
2-HL T W 2 18-M ] ic aci
74 FETMLE Z-methyl butanoic acid 35 5 46.16 29.85 30.75 389.10
ethyl ester-M
[ 2. T s Z,15-D R R
75 LT R TR 2-methyl butanoic acid 15.20 12.80 17.35 14.52 198.35
ethyl ester-D
72y =3 . .
79 HRIENE pr"pan"‘gsi‘;‘d propyl 44 59 37.05 41.76 33.59 650.64
% EL TG
82 LB T 2-methyl-1-propyl 431 4.12 472 4.04 66.57
acetate
EL b fie b 1 1 1
83 St R 1S°V31°”Z:t‘;‘rd’ methyl 65 04 56.71 59.48 5457 2482.81
73 1= -
84 5T cthyl 2-methy 40.75 46.05 4301 46.28 1189.78
Ipropionate
90 TR W R methyl acetate 57.93 46.54 56.90 48.32 804.32
. 10 2-1E 8 FE 0k IR 2-pentyl furan 158.03 241.68 155.15 194.38 1194.14
72 2-1E T ki 2-butylfuran 194.49 124.82 269.55 310.92 374.79
50 B-IRN B-pinene 428.90 319.01 450.33 383.49 133.17
I 61 [ETRliiE alpha-terpinolene 52.83 57.27 361.84 128.11 506.72
87 o-JEM a-pinene 88.56 43.55 37.82 31.51 1073.64
i 46 =Wk triethylamine 776.12 472.93 755.32 265.34 996.69
3 2 B WA BT B, i 5 7K 43 5K TE 20 °C 65% RH 2544 T ik

i B 7K 3 R AE SE B 45 14:(20 °C 65% RH., 25 °C 65%

120 d, Js 76 04 & 3% i A Aok
65% RH &1k z; ILoh, KIVFERIEE S, FRIRERK

+
, E5E

KPR R B UF, 25 °C

RH. 30 °C 65% RH) [ 7K 7% AR 8 135 i e Ad S AR RE TR, RO BB R, RPRLOR A 2D 0 RE B
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