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Abstract: Mature corn grains is an important food ration for residents in our country, but its edible flavor quality was rarely
reported. The volatile organic components (VOCs) in whole grain powder with different treatment of 5 high-quality yellow
grain maize varieties were detected with gas chromatography-mass spectrometry (GC-MS), the results showed that a total
of 101 species of VOCs were identified, but only 60~70 species were found in a single variety. These VOCs could be
divided into 12 categories, of which, the number of esters, alkanes and ketones were more, followed by alcohols, aldehydes
and amides. When the composition of VOCs were analyzed, it was also found that there were about 20 species of
components with high content at the level of over 10° peak area, which constituted 80% of the total volatile substances
content, in these high content components, 13 were co-owned which were present in all samples, and 4~16 were specific
which varied among varieties. There were two species of high content components at the level of 107 peak area, n-dodecane
and tert-butanol were identified, which were considered to be important volatile substances in corn. The detection results
also showed that the relative total content of VOCs in the samples distributed from 36.660 to 68.001 mg/kg. When they

were compared each other, it was also found that the total content of VOCs was significantly different among varieties and
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samples, including different storage time and packages. The content of aroma substances in newly harvested grains was the

highest. The ears or grains was stored naturally 1 year, its VOCs lost about 1/5. While the whole powder was stored

naturally 1 year, its VOCs lost nearly a third. But the powder being stored in vacuum bags and under the low temperature 3

years, the loss of VOCs was slightly. These results suggested that the aroma substances content in corn was a variety

characteristic. Excellent varieties and special production areas could effectively increase the kinds and the content of aroma

substances in grains. Storage time and storage conditions could significantly affect the quality of aroma. Storage under the

conditions of low temperature and vacuum could effectively maintain the quality of aroma. These results provided

important reference data for quality evaluation of high quality edible corn.

Key words: corn; variety; storage condition; volatile organic compounds (VOCs); aroma; gas chromatography-mass

spectrometry (GC-MS)
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Table 1 Samples of maize varieties and storage treatment

P A B SBOERAEY Bl [laecaiii] AR e ()
1# #15 2020%k Tl g AR 0

24 W15 2020% R = AR 6

3# B 2019% TRE =0 AR 18

4# H2f.958 2020%k TR AR 0

5# pivass 2019% T pg =0 ARG 18

6# #oE 2020%k A L AR 0

TH# #35 2019Fk T B SRR 12

8# W4T 2019%k A L SRR 12

o# HEER958 20178 ja=E Il B A SRR 36

10# #2H 2019%k T B SRR 12

AR 5+1 C.
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Aldrich,
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National Institute of Standards and Technology, NIST)
2017 SGIEEEEEE “NIST 2017”7,

1.2.3 EVE. EmEiaMr s R BRIk %
RVEMI R E ST MS S5 3R45H . R T AN
AP RIAS [W) S} (8] 22 (a4 e PR o S e 25 5, 11
RS R EY B AIARST B AR, TS Wang
SO FNA T ARAE RO R, AR RS (mg/kg )=
[ CPNBRIZE TET Y AR ERE B (mg) <A i BLIEE TR 1/
ahERE I (mg) < 10°, FH AT A i & i B Al 1T A
PR AT ZE RS AR LR, FH C SR T 22 R
PAAR VLR PR A il TR S A58 Sl 25 A 50 T v Ao
PR S TR o 2 e i 2 ARG 50

2 RS9

10 R, 28 AR C B AR, 287 i s

PRI 5 2 B O P BRI TR ZE A S TR AR — 2, £
REVELS, B SR A A% E AN, BRIg i A AE 22 5,
B AR 2255 . AR X HES EA. 958 (4 FEE 1 5
() AT 2 5 (6#), I H £ . UK, ¥4 MY)k
SR, LAIZ 3 A BURUEE SR B, R RS T
UL 1. 35 958 11488 T it B PRy T FB 53 & i
WA PR O 24 PR, AR T 1) v o A 455 6 e 2 ik AU
T BB B AT e ) sl S AR BE I R . 2R
45 min FifHIESE R, PG EASINERHE] A 50 min.
2.1 IEHE. YRHBEFAS

BB G ) O AE BT 1S P RS AR, e HLGT
R 195 A~ A3 BT & 3, [R]—4 )51 [W] 5T 1y
b Z WG G Lh ek, Je 2238 7 4, 4N 12,15-+/\g
TRFRER . 6-F B AR KRR RO,
B R Sr BBEE 101 Fho ¥ 101 PP il
BFEAENLZER, Si | M. L L B TR . MR . MRk
iy 2SR AL S R4y, BT 4 12 R(FR 2) . &
T 0T Y B ATR, B B 2 A2 TR, 18 B,
UOBBEFOER, PR IS . WEREE, I 18 . IRIsi b,
XL TR, 4 R 2B, AN 5 -4 R ()
WA, B EERD |« 2-T i CRA R ) . R
CRABFFFRIGHGA)  BCT EECGEREERL . H B
(BRI 22 ) A I8 IR I, e K A A SRR S 2 Fh
TP R RAER I AT o
22 ELXMYIRMENEESE

08 T AR AR S B A S AR X B i, 10 M AF
AhAS AR SR LR 3, nIE L, ST A 7E 36.66~
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Table 2 Categories and its quantities of identified volatile substances in maize
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GC/MS total ion chromatogram of volatile components of three maize varieties
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KZ.J#); 4: Methyl 6-oxoheptanoate(6-

F AR BB I ) 5 5: 2-Propanol, 2-methyl- (AU T ) ; 6: [1,1'-Bicyclopropyl]-2-octanoic acid, 2'-hexyl-, methyl ester(2-c %&-1,1-XFF
PIbE-2-F TR H R ) ; 7: Benzaldehyde, 4-ethyl-(4-Z FEAHI i ) ; 8: 12,15-Octadecadiynoic acid, methyl ester(12,15-1 /\ i — Bz B

@E) 9: Paromomycin( L 75 % ); 10: 1-(3,4-dimethylphenyl)-(3,4-—.

HIR, 75- =Mt THR) o

FRELIK 2.1 ) 5 11: Phthalic acid, hex-3-yl isobutyl ester(ZP7% —.

3 AR | PERNEY RIS | AR A AL S P2 i

Table 3 Peak numbers, volatile substance categories, relative total content and average content per component in samples

FES S AR R % H R R E Y S M AR A i (mg/kg) B4 8 i (mg/kg)
1# #15 105 64 63.788 0.536+1.227
24 w15 80 57 51.062 0.429+1.097
3# w1 82 64 36.660 0.447+0.895
44 HBE958 85 62 50.451 0.424+1.421
54 jivass 82 54 37.747 0.317+0.933
6# w25 83 61 65.145 0.547+1.989
TH H35 77 57 40.368 0.339+1.047
8# #4S 88 64 39.848 0.335+0.989
o# ¥2A958 112 77 68.001 0.571+1.254
104 #2245 81 63 44308 0.372+0.936
(B EARES A, W0 4% 5#, 1 4 Fh. FE¥E 1 S pildgem ZAE T R ALY 22.44%, 15 AT B S ) 4R

=107 BEEE ST R
AR 3,6-1 N T ERBRTES (3 6—Octadecadiynoic
acid, methyl ester ), 14 5T W& T A /B ik

FHPRNE, 7E8T 2 S ik

Ko MR = 10° BREA BGA T PUEE . 7SR
iR, 4-FER RS 2- R HITR I ER . 3,4- FHIOK

4.22%107, 2 R ZRZR T HIER T HESE . 9 SRS AR E AR R
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Table 4 Co-owned VOCs with peak area greater than 10° in the whole corn grain powder
T8 PAEREE (min)  MIRUEHE K YESLAFR L&A AR PR (mg/kg)
1 3.786 639 9-Octadecenoic acid (Z)-, phenylmethyl ester 9- 1 NI R (Z) -4 H g 2.74x10° 0.978+0.419
2 4732 673 Bicyclo[2.1.1]hexan-2-ol, 2-ethenyl BAR[2.1.1] 2 pE-2-, 2-D0%  8.72x10° 2.935+0.772
3 4.902 896 Dodecane EHTE 1.27x107 4.345+1.297
4 6.157 688 1,3,7-Octatrien-5-yne 1,3,7- % =4-5-5k 3.76x10° 1.157+0.476
5 6.425 690 9-Octadecen-12-ynoic acid, methyl ester 9-/\Jfi- 12-He iR T i 1.53x10° 0.522+0.333
6 8.194 850 3-Heptanol, 2-methyl- 2-FBE-3- Pt 5.98x10° 2.012+0.754
7 12.459 754 5-Hydroxy-4-octanone 5-FEHE-4- ] 1.97x10° 0.682+0.268
8 12.711 870 2-Propanol, 2-methyl- BT B 1.89x10° 6.472+0.978
9 13.741 647 Octadecane, 6-methyl- 6-FAE/\ 1.76x10° 0.595+0.479
10 19.173 726 3-Trifluoroacetoxypentadecane ERCERET NI 1.32x10° 0.447+0.218
2(3H)-Furanone, dihydro-5-methyl-5- ZA-5-HRE-5-(2-F TN 3 ) - p
11 26.741 831 (2-methylpropyl)- 2(3H) - 4.56x10 1.553+0.520
12 46.250 786 Phthalic acid, hex-3-yl isobutyl ester PRI, N-=BEF THE 7.88x10° 2.705+1.693
A A SR -8/ 20 e 5
13 47.739 800 Octaethylene glycol monododecyl ester T s 1.23x10 0.423+0.217
5 RIS IETIRUR T 10° MREA R PRI G 8
Table 5 Number of specific VOCs with peak area larger than 10° in different samples
R 1# 21 3# 44 S5# 6# TH# 8# 9# 104
R AL S e () 14 11 5 4 4 6 7 6 16 11

958, Pl R U FE G L X X, JHE ARG I = - 25
. U2 E-D-—FF 3L . T ke . A= B 254F
BRI o
24 EAMYIREEMREEFEEMHRE

2% 3 MYRE SRR R MR BTAR T B S R, FHC
FLEMATT ZE AR P2 5 Wl B R 50 R
S T PR L TR 5 B 25 55, WL 6, FIE H: a. i E]
SRS L 3 e 3 22 5 (P<0.05, P<0.01), 3
1 S AN 2 SR i SRl FBER 958, P 3 SR
4 SRR ARSI PP bR [RI RS Ta) 2 8] bhER, B
225 W (P<0.05), 1 143 3#2 18], 5#5 6#=2 A,
FEA] LA, AS R R, 22 5 W2 (P<0.05) .
W1 S 3 AVRES, TR ], $E R PR B e

N RRRZ, AR Y 15%; 85 2 5 A9 AR
(10#), HERFFHUAN 1 48, ¥ R EYI BT B & = T k%
31.98%; c.9#FE iy, J2 T 45 B B AL R OER B 958, P
34, BE R ER S EAKE, 58 1 5MEE 2 52y
AERESRZE SN S, DRSS A B R EY) o & B
BRI SR (R HAFE /s 12208 = T R 2 )1, SR B
Le B B A 2, 2017 AFIRAE, 5 °C fIRIE R IV A7,
B o R R YT BB AR HAT G, TR A /)
S O, Bt S B REA BT 1 BT
Y o
3 #ip5itie

FOKRAETE A, kR E s ae i, L A Al
gy, BAR H e TR ELER )5 R Sy, (H i AR

6 10 AVEEM AR R FAR T A 2 S B TR IR (¢ AR
Table 6 Difference significant test (t-test) on relative total content of VOCs among ten samples
i M
PSS B B AL TR S (mg/kg)
1 24 3# 44 5# 6t TH 8t 9#
1# AR 1S HRL 63.788
2 g6~ F # 15k 51.062 3.928"
3# 98184 F 35 15 kPR 36.660 8373 4.445"
44 MAERRERLOS KT 50.451 4.116"  0.189  —4.256"
S# IF-5E244 H #52- 5k 37.747 8.0377 4110  —0335  3.9217
6t AR S HRL 65.145 —0.419 —4.346" -8792" -4535" -8.456"
TH# P18~ H 8535k kL 40.368 7228 33007  -1.145  3.112° 0809  7.647"
8# W31 240 H HE4 5 AR 39.848 73897 34617  -0.984  3272"  -0.649 7.808"  0.160
9# IEg36 ™~ H £k 68.001 ~1.300 -—5.228" -9.673" -5.417" -9338" -0.881 -8.529" -8.689"
10# W 124~ H #2548 44308 6.012" 2084 2361 1896  —2.025 64317 -1216 -1.377 73137

T B A (E=49.360; KA I 25=96.6305 MAFFIEZ=10.757; SARFRIEIR=3.243; 1, 0s=2.228; L0 0,0,=3.163 *F/R 25 L, P<0.05; ** o 2 5 i

=, P<0.01,
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PRAE S TR & I8, VR e sk H i)
PP S AR . BRI B AR5, AR o
BT, A SCHASFLE R TRl S AR R L
FIRRACFTRL . [F]— S AP ASTR] 7 b S5 A B R PR 4 A7,
Ao L K PR A R R 2 AN R, R B B R 2S5k
100 43Fh, BALFR 60~70 B, ANF/NED, mdE
2153 20 43R, BINE ik AR S i 80%. H e L
2l 53 Al oy S A S R WSy, HEA b R R
TET e R T S B w5 4.345 1 6.472 me/kg,
T AR TR ST A A PP TR AR, 1 —
s 8 ol B b R, AR 3R 3,6- Bk B RS, 1E
w2 S AR AR R Y RS B 20%. Kl
L BN, 5 AL S BRAEN B S &
A 36.660~68.001 mg/kg, a2z 5 W2, BRibis &
BN, BERER S AT S S N RRIR R R, {H B
2SR A AR R G L1 X X A P2 R EESP- Tt
DCAE P R & B W S R v, S5AR, ISR L ROk
KRR TP . SRR RIFEPRZS | W ek
PEAEHRAL T S
3.1 ERBEYRASFEE

R 2% S R, TR AR 3 - P R R 2 T
K] 100 F LA L, 1H 80% 4T i 20 AxFhdy 5t
LH AR, IX -5 FERAE AR PR oA TP L RO AR 3
AR —Z 7B RASC G IR 5 i R A I A LA, AH
LU S22, AR /0, AR A AN 10%, AHALL
WA FIZEY, 25 5 RSk (C) E B AR L lsE
FH A BN R s D e R SRR B AN TR, an- ke .+
DUk, Hoske. /B, 6-H et /e, T AT,
BN A MRS . 13X 822 SRR ek [ T B KAPkL
TEN i 1 1] (9 5 S 5 ARG 0] Ff A it BT Ah BHEAS ]
FARFEF WLt & it AHaE AR, R
SRS R RN AR SE , SR bR AR S 2l A g
XM K BRI R 25, It AR S B s 2l
FHA— A & S P (A A SR £
SRS 2H S IR B, AN B i . ASSCFH AR T
BRI AL B, 3R — AT N ARY) 2-H 3 -3- el
st S ol E2 T A S e v o A = S =iy
FRH FRE S S B TE 60~70 mg/kg YR 2 W), T4
FrETE 50~60 mg/kg ZH, AIGE ELHFE 36~50 mg/kg
P o ORI AR AR T AR X
B, AIRTF /NG, /INE e A 2 o B R, PRI
T T ARA L A 2 ) 5 e A T B 22 1 IO R
TE R A o
32 ERBEWRBIXER S

A GT A EE U 5 H R T AR R ) S A
R 5T B 5t @y R E A B AZ O FR AR, fH G
BHEPE TSR, TR 2 T4 S S i o
PERLGT, — BNy, — A MR F KR, i
Bt Bikad 70 AR ESMES E K b S
FH Rk 2 AR P E A R 5T, (2 B e b =
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