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Effect of Different Drying Methods on the
Quality and Flavor Profiles of Fresh Corn Flour

KANG Zhi-min',GUO Dong-xu' ,HE Meng-ying' ,ZHANG Can',
ZHAO Di' ,XIAO Ya-dong’ ,ZHANG Kang-yi'*

(1.Center of Agricultural Products Processing, Henan Academy of Agricultural Sciences,Zhengzhou 450008 , China;
2.Institute of Farm Product Processing, Jiangsu Academy of Agricultural Science,Nanjing 210014, China)

Abstract: The effects of three drying methods ( boiled then dring, baking and freeze drying) on the basic components,

antioxidant properties and aroma components of fresh corn flour were studied.The results showed that the content of starch, total

sugar, flavonoids and polyphenols in fresh corn flour produced by different drying methods were significantly different

(P <0.05) ,the contents of total flavonoids and polyphenols in the kernels prepared by freeze drying were the highest(3.45 and

3.96 mg/g).The freeze dring and boiled then dring fresh corn flour had DPPH free radical scavenging rates of 60.5% and

50.8% ,respectively, - OH scavenging rates of 46.8% and 39.6% .Solid phase micro extraction (SPME) gas chromatography—

mass spectrometry ( GC—MS) were used to analyze the aroma components of fresh corn kernels and three processing corn flour.

Seventy—nine compounds including 3 alcohols, 11 aldehydes,8 ketones,24 hydrocarbons,8 esters and 25 heterocyclics were

identified. Aromatic compounds containing benzene rings were the main flavor compounds of fresh corn. Comprehensive analysis

showed that the fresh corn kernels dried by freeze and boiled after cooking had higher antioxidant capacity,and also had better

retention of aromatic compounds of fresh corn.
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ZPE RS EYI . R BHEE TR S KR R
SRR 2R ISR A R U 4 i 0 2 | SE % 40 i 5
% BTSN E B DI gE . B A N A TG KSR
Wik , AT B a5 M & AE TR RASfb . i 5ok
M =R BB — R ) ZZon RIFEAS . H R TRk & UL
BB 7 2o S B Y I E R oR ™ sl
VERSEA B Y B T S A e g b BRI T HAE
MVREFEVER , LT AW =R & 8 F K0 T 7= 5
RS A R RO 28 TR TR SO , 7 S I )
FEECRRAS IS 322 e vl HON IR AR .

115 LR 179 8 7K 0 T = A B 2R 19 A% B 5T A
B TR T AR T LSBT B AR
FE . R OT LA S, S R R BR AR AT, iR AT
DU S SR i 1 308 5% 7 ) JB P 4 &, 9 o XUk . 3
A g A5 IR ST AN ) 7 2 W R SR SOk R B 5
M, K B VR T R ) TR R SR SRS & T A Bk R
2 F SRS TR R TS R R S R 09 B W, & B D
) 5 e M A 3 T i TR XU 5 W 2 i 25
T T AR R AL T 78 BE X M A 5 5 8O 52 00, A BRI
e = R E Sl < A Y el A S N e < s W
ARG B T 152 88 BUASAIG R AE 5 3, JE T B TR ARG 5 %
FRT IR BEAR 50 HE 10 O B B Y B 3R B L AN S T
WROBEFERBRE K o Kbl T B BE P, s AR EAIG. H Al
T AOHEE TR K B 5 i E 5T /0 DL HRGE . AR
T B EIRT AN [A] 088 T2 X 5 KB i 3L AR B 49
Yo A B XUBER 9 53 B9 52 i, LU A7 8 T KR T
KTk fe A= ft—z 2%
1 #MBEFE
1.1 Rl 5EE

fof TR R Z B A A R F 2 T kR
Hedh R AE YR A RN F s 2Bk TR
MR VEUAALEN RERENEE A3 Bral, 2GR,

DW-86W420 # L ¥ /R 42 Hl ; BCD—202TD
VKER S8 ; DHG-9240A &5 X T4 48 LIS
FRFERRAF] BRIV MR- LR 2 A
PR 2N H] ; Hunter color Flex EZ B4 22{Y  Z&[FE Hunter
lab ; A590 XUGHR AR DLA Y6 BT B ZANES A
BRZSA] s YSN=XAT B g shptblr ) M & o
THMEA R R MY-010 BULELSHL il BT B AL
W) K1100 4 B 3 L 20 & A . SOX500 #1 Ji Jijj i
A IR RERL ARG IR 7] 7980A/5975 D
GC-MS B AL & Agilent A H] ; MB45 7K 431 5
1 BRZEHY A ( ) BRA A YP-N Al 74
IRV MR A R A BR A .
1.2 LeHE
121 AFETEBRT AR RMHE B Tras
S M D7 35 oA fiE TR Kok 28 5 3 Uk, B K 2 20 min,
55 CARIR T 12 hy kbl £ oK, HlVE T ik o £ ok
brgead iU, W EIIA IR EE S 125 CHBH] 4 hy R+
B K, WIAE 7 v R B oKk 2 i iR, -4 C EAS
VR T4 18 h B = B 0 T 20 I 18 & 5 2K 4351
FrwE, 1k 100 B 5, A3 85 oM (LA RIFREE oK),
BEAT b B AT B RUBR I 52 o e T Ak B 422 AT 9 Uk

Vol.41,N0.18,2020

R Ly LI
1.2.2  fEf FRFEAR S K5 2B T I8 D FNUE #
A 2 4y AR %GB 5009.3 —2016 . GB 5009.5 —
2016 .GB/T 5009.6-2016 .GB/T 5009.9-2016 ; M5 &
28 GB/T 15672-2009 J57 0 %E o
1.2.3  fef FoRRAIEERUA M & FREX5.000 g fif &
KBy, AT 2, ,3000 r/min B0 10 min, X & 3
WG . RO RS Mk s T s i
EE ARG IR )E 30 °C AT 180 W [E VK Lk
1:15 g/mL, IMARFISTH0CR 80% 11 £ BEAE S 75 77 $E B
45 min,3000 r/min Z.0> 10 min 53U

BB & B SR A NaNO, —A1(NO), #&57k, =
% Ma 2567 ) ik WA . BUER B 0.5 mL 5
0.5 mL 5% [ NaNO, #F W UiE IR 2, =R T it E
6 min, il A 0.5 mL 10% B A1Cl, iKW IR, &
6 min, FEHMA 2.5 mL 1 mol/L NaOH %A1 1 mL £
YEAKIRA) , Z i T #EE B 15 min, 7 510 nm P4k
MEWSCEE . LA T & 3 (mg/mL) Sy AL KR, IO
BE AR ER 45 [ J5FE N y = 0.0429x-0.0001 (R® =
0.9996) . B H EFEER LM T SR R (mg/g) o

AT AR FH Folin— ciocalteu 7, 235 Hu 21
P71 B 0.1 mL 32 T30, 2.8 mL L& 7
JKF1 0.1 mL 1.0 mol/L Folin— ciocalteu &7l , 1B & 14
5o HE 8 min JS A 2 mL 75 g/L BRFRENVE VR , 75
5] B ER T #EDE,2 h J5F 765 nm W 8 R OGAE,
SEATINR 3 Wk, LA 1% W3R8 £ T W (1 mL ER 7R A
FF AR BE 22 100 mL) f§02s (1, BB 7 e fisobm il il &,
S A A 5 RR Ky = 0.0024x + 0.0258 (0 < x <
100 pg/g,R* =0.9996) , X\ y HWGHEEM , x HRE
TR (ng/g) , B & i LA 5E TR L 5 v
BT BAH S IR E TR RN
124 SEERPLEACHE ST 2% Arda 257 (193 HL
Jrids B 2.0000 g fif KoK MY, A 80 mL {A&FH %K
70% B, T 80 C B iR #1242 30 min, F2HUM
FE 3000 r/min == JEZ 0 10 min, B35 WAE R & &
KprsA i i BTER B, BT UKFE #5 F f8F E oK R e
Ak e AR s DPPH | R JEWE BR R 2 A B 3t
( -OH) 75 R BE 1 B SRk I RE S 3647 53 o
1.2.4.1 DPPH [ IEWERFR  HYE Liu 4 g3 HL
Jrids, G BEECHIH B 2 0.2 mmol/L (1) DPPH %5 % ,
HEEA A . B 3.0 mL DPPH F ¥ 5 3.0 mL ff £ oK BT
S TR BORFE ST, BEHCE 30 min, 7E£1<517 nm
A e W G BE Ay [FlET 3.0 mL DPPH 5
3.0 mLAEEIR A )R #E5EH 30 min, £ K 517 nm &b
MER SGEE Ay, LA B2 A #% T A=A
DPPH [ H ZEIEBRE,

DPPH(% ) = (1-A/A,) x 100
1.2.42  -OH yHBRAES M4 Sun 252" (4RO v,
TR P in A 9.0 mmol/L Z, BE — 7K % i ¥ Wk .
9.0 mmol/L FeSO, 4% 1.0 mL, in A 1.0 mL & E K $i
S AW P B A 12 mL X B oK, i A 1.0 mL
8.8 mmol/L H,0, W IR 5], T 37 °C Rk
15 min, 7EJE S 510 nm A& WG A (LLIZEIRK
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2 HPEE) o R RAZEE KA H,0, I a2 W 6 BB AETR A By S R E (P <0.05) R

Ay, LIZEIE /KB AT AL 0T $2 B I o WG R A
(BB AN H,0, FIRR) . # AR5
-OHUE B,

FRE O HIEERF (%) = A,
x 100
1243 MIRJEAES] % Sun &P R EUT B, 17E
A A 0.2 mol/L pH6.6 [k iR 2% vh K . J0T i 43
R 1% BBEAL B W 25 2 mL, T A B £ KB4
e B PR B 0.5 mL YR 45), B F 50 CoKE T I
K7 20 min S EZFR, A 10% =4 LR 2 mL
B A B2 1k, 55 BU—iX A, 43 50 A N R
5 mL EEFI/K 4 mL K350k 0.1% 1) FeCl, %
W 0.5 mL, YRS EESGERE 10 min, 7EJE 1 700 nm 40
FR SR
1.2.5 GC-MS p#r KUK sl s BB dE AR O R
250 °C , W [ A S A% Bk A #ERE T35 4k 20 min; FR
B 10 g B 5B T AERUR A ,60 COKEE ML 20 min, #R%
J5 e TN AR IS Bk TR A ZE BRUF 60 °C 25 EX 100 min , 1
BREARE S i AR R PR BT o IR B 4 R S 2R BB A
PERE T, R RAZEHS , AEEARE IR 5 min J5 4K
FEBC AT A 6

GC A (i A« 3 4E D VR B2 250 °C, HP-5MS
SR S B AN AT (30 m x 250 um,0.25 pm) , FE4H
FRFE TR TR - 40 C 43 3 min, L 10 °C/min F} 3]
90 °C , T 15 °C/min T} & 230 °C , 25 &5 4li & <
(99.999% ) , WiiE &y 1.0 mL/min; 7 2 : JCHF 5 LE
R, R AR

MS 214 B F 3R =N F U (ED) , B F e
70 eV, B FUREE 230 °C, BB R E 250 C, &2
TESERITHT: GC-MS EE G 2T RS N TR
55 NIST 08.LIT %22 b i bR v £ & W K AR S5 5, VLT
BEIT 800 14k %58 45 IR, i 2 R R L4y i A
ZH %, $Ee v T AU — TR TSR AR X
1.3 ZiEAIE

K OriginPro 8.0 #R{4-2: K, R SPSS 16.0 4¢
THAT SC G B, R S S R 3 W, BT,
BARLER LIS + b 22 2R, R TR =R
J5 2253 FT FIAH G 53T, SR A ¢ A, 2 P < 0.05 B,
FoRERRFE.
2 HRE5EHW
21 AEFHREIZHEXRTEEFRSOM

ph e 1 AT, = b1 T2 A A R TSR BE RS

—(Ax _Axu)/Ao

0 R OK A B P TR A RS A S 12.12% |
28.89% , bl A2 Je Wt i T A % e R KBS T
RS, UR T R OK IR A B AR KPR T A
PRy et 5 oA ok S B B e A 27.53% L, B LTIk,
VR T ADHR i d /b o ¥ R T B TR Km0 2 T R
Ty 2 4y 3.45 F1 3.96 mg/g, i 2w T A 2 Fp
T AL (P <0.05) ;£ T K B3 R A B iy 7 5 B
[ s BB QI - ol < 0 B ) =l A B 5
TR PRI T R AL W 5 B9 Bt B A, U B BB i Tk
fief A 3R N A A B MR AR, I SR B ST
— B, IX AT BE S i T o AR TR R AR R R
25 RNy 24 S5 P SR Ak B TR 14 40 it , ¥ R TR Bl T Ak
TRAR A, X 75 A 1) B TR A s T e TR 4 /0 5 9 4]
TN AT i 2 1R A Sy & s i e i 27 . B,
BRI R R IR RE T X T oK AR E IR
SRR UT
22 AETFHRIZHEXMELERSHT

DPPH [q i 2 — ARG E I o0 i [ 3,
AT, 76 517 nm ZbA — 50 W2 g, LT s o S 4%
fo,, 24 1 i S R R AEAERT, B T 5 H A, T e X
TP ol JE R WA R 9T 1 O, LR (0 R R S HE A2 iy T
BRI E B DG B, B AT LR 430 06 BE I 2
TIEMrRE S ARSI ABRE I . I8 LA AT 0, fif
EKiE K DPPH A 3L AE T 67.2% , ik TEEE
MR Kb K R S . D S 2R ML e R ok
765 DPPH [ i REAE ST L FE 225+ (P >0.05) s 8E &
S R K 5 55 AN AR D T Ty 2R i oK
Wkk DPPH- [ LA 2 22 % B3 (P <0.05)

FHILAMIL(-OH) & —FhEE B IE A, & H
AEM(OH ) KkFE—AH T, B ARA P
T RS, 78 AN 238 B i e & B,
GEBNR™E, AE 1A AJLIEH, 3 A f R
SRR S BE KN 62.7% , kil B E ok
LI B R AL, 0 oK B ROk R ML e R
KEHETEEEKRFR A RLER R A 225 8 3E
(P <0.05),

1B AT 4, 8 R K 19 R T B Rl 0.637 , 1%
HFE SRR R EE ok B IR R 8 R T Rk
JIRZ Wi i e fs 6 E oK BT A AL BE S k. W
JE A ST G, 22 W H B S Ak P R R 5 A ¥4 R T R
MR TRy E A B A B JEE, X5
PRI BTSSR — B, B RS S R R TR
T HIVERIRE S B By B R P A e R A b

T RJE T AR ORE TR

Table 1  Main components of fresh corn subjected to different drying methods
TR S Ko it sl rigpiy il TER SO SHTHR ey
(%) (%) (%) (%) (%) (mg/g) (mg/g)
FIGHFEEEK  7.85£0.02"  12.05£0.04"  7.68 £0.06°  27.88 +0.15" 2437 +0.14"  2.69 £0.05"  2.89 +0.03"
MEHIEEE R 873 £0.02°  11.96 £0.07°  7.73 £0.09°  27.02 £0.02° 27.53 £0.19°  2.08 £0.01°  1.86 =0.02°
HTEEEKR  688£003° 12.12+001° 564 +0.02" 2889 +0.14° 20.66 £0.15°  3.45£0.04*  3.96 +0.07°
fif FOK (XTI 3.68 £0.03° 451 £0.10°

T RS TR, R AR AR (P >0.05) 3 R, RIHZRIERE (P <0.05) .
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HEE—E g 79 Fh, Horp R EESE 3 Fh BESE 11 Fh R 8
80r Bl SR 24 Bl FRSE 8 Fh LR 25 Bl i ROk A&
701 il S5 HET 09 5 oK KD i B R OR NS YR R KA H
S 60f W H 38 (17 32 FhAT 8 Fhdg Ak EE AT . ULEH A
g sol oK R e TR KRN T, KU & IR e £
:@ sl Bl LT 09 F R XUBR Y B A 2 B =2 85, R T
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? gEEN e %i% e LRSS e g wA
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0.8

<
=

BRI I(A )
o
N

<
)

- a b
|I | II IIA
ﬁﬁ%wmﬁ»ﬁwxﬁﬁ%%yﬁﬁ*
RN 2

1 OR[EFEE T 25 oK A 3t
EBRBES (A) \EGEIRJ1(B) BRI

Fig.1 Effects of different drying methods

S
o

on the free radical scavenging capacity (A)
and total reducing power(B) of fresh corn
T ARV NE FREOR AR TR L 2R )
Préa LRt 125 5 35, P <0.05,
2.3 GC-MS & MR 5> 5347
B AN [R) T gk Ak B T S A i oy AR AR
FH L PR AR R A 5 o R 2 R f KA
3 AR Oy A5 2 59 8 e oK B89 4 4 P AR ) i

Ao R K KUK Ay BT R 2k i 2 e 22, B B b

P32 2 AT, 8 B oR A SIS W A 3 Fh, AH
XN 8.90% I EF RIS A 3 Fh, AHXT 5 B e
ik 42.38% SR oK A9 B R B 5, i oK AR
BEA T IR R E 2R o B R 2 T, AR X
R 6.65% , 1+ =%t (0.17% ) \IE+PUEE(0.66% ) |
TEFEIRT B (3.26% ) 45 , X S B fa b A4 22 22 i At
5 15 1 5 B2 N AS A RIS U5 iR 2 SR AR T2 ki), o £
KRR TR 15 04 A FH B8 /N, AR AE L RUBR T il B v 5
) S T R T 21 46 5 25 T b w8 VR RN R 4 A 5 5B o
FKEAE M ERSE Y A 7 B, AEX SR 10.92% , Bk
W TR R DT Sk = A 14 U S R DT TR RN I 1 A B A
FIEZ R, 22K R FR, & & ST 0 £
K= AR EEE Y AT 3 Pl AHXT &R 19.38% , %30
&I A 3 B, A& 20.73% |, ke
W EAT 6 R, AAXT &R 52.38% , B RIS HETEEE
KA BRI BT, R T R 7 A I 2 BR S
YyJEA 19 Fh AT & R 79.12% , 53X A] GE 2 T fif
TR b il b B, AR I A A R P R R SE R A
R JE R B I 22 RS/ R G W R T 8 £ oK™
A EESE A 3 b, AT SR 52.90% . I LLE
HA 8 R KN S ML T 04 B RO ST R Y S
o I oK 2R IR Ak A 0 28 R S AN A i
Z R TIN T EoRERY Rk, ffEoK
R S TER 2 I AE 0 BRGe A e  E EAR R N, R4y

K2 AIFTHE TN TR 5

Table 2 Effects of different drying methods on the relative contents of aromatic components in fresh corn

FHXT (% )
5 8 5 M AR ) BT A=Y fEEOK  EEHT B %HT
(XFR)  BEEROK BEEK EEEOK
3- 3¢ C,H,,0 6.24 - - -
2 Pk 2- -1 C.H,,0 1.50 - - -
3 1- T C,H,,0 1.16 - - -
B 8.90 - - -
4 EO C,H,,0 4.65 11.48 2.49 6.00
5 X =2- IR C.H,,0 2.14 - - -
6 2- THE C,H,,0 0.46 - - -
7 TR C,H,,0 134 6.36 3.02 -
8 2,4-F s G,H,,0 0.19 - - -
9 fiE ZEEE C,H, 0 0.77 1.54 0.33 -
10 2— =W C;;H,,0 0.42 - - -
11 % 2-H -2 T C,H,,0 - - 0.56 -
12 2R H C,H,0 - - 2.51 -
13 S PP Lk i C,H,0, - - - 1.91
14 5-F% B Bl CsH 0, - - - 45.99
B 9.97 19.38 8.91 53.90
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AR 5 (% )
75 5 M KR ) B 3K fEEoK  EEHT B %HT
(X)) BEEOKR SRR EEEROK
15 3—FH-2— TR C.H,,0 2.04 1.59 - -
16 3,5-3 " Js-2— T C.H,,0 1.62 - - -
17 1-(6—H -7 -TEXLIR[4.1.0] Bi-3- 4L ) — Z i C,H,,0, 0.38 - - -
18 _— B+ AR C,H, 0 0.33 - - -
19 4-(2,6,6- =HH-2-F o i-1-2)-3-Tk-2-F] C,;H,0 0.24 - - -
20 6,10- —HI £:-5 9— |k — 4752 C,H,,0 0.38 - - -
21 2,3- % R C5Hg 0, - - 0.66 -
22 2,3- " H-3,5 ZRH-6-H H—4 (H) - k0 —4 - i CsH, 0, - - - 10.90
pevill 4.99 1.59 0.66 10.90
23 (2- H LN 4L ) S s CyoHyg 2.30 - - -
24 IRIEFR N BE CeH 4 3.26 - - -
25 2,6,10- = H |- puksg C,,Hy 0.26 - - -
26 2,4 ,6- =W 3¢ C,, H,, - 0.92 - _
27 Tk 1E DUk CsHy, K50, 0.66 - - -
28 2,2,7,7- VU H R g Cy,Hyg - - 1.07 -
29 + Gy, Hy - - 0.39 -
30 +3J:Jtﬁ C13H28 0.17 - - -
31 +pus Ci4Hs, - 0.57 - -
pevill 6.65 1.49 1.46 0
32 10- R HERGR[44.1 ]+ —Fk-1,3,5,7,9- 1l C,H, 0.25 - - -
33 2RI 1-TN M C,H,,0, - 0.73 - -
> fida xgﬁz% CioHq - 3.03 - 8.01
35 HT W C,H, - - 0.29 -
36 KN CsHy - - 0.50 -
37 5-(1-HdHk) -1-HEFR IR CioHig - - 0.76 -
pevill 0.25 3.76 1.55 8.01
38 ZH C.H,, 252 2.74 - -
39 ) — 2 C.H,, 39.20 - 436 10.67
40 1,3,5- =3 CoHy 0.66 - - -
41 LHEKR CsH,, - - 3.94 -
42 FEHERE B C, H - 0.51 - -
43 A H CgH, - 34.10 - -
44 X RO CyHy - 12.59 - -
45 ES CyoHg - 1.55 - 1.65
46 1,4- —5~1,4-HH2E C, H, - 0.89 - -
Jevill 42.38 52.38 8.30 12.32
47 ENR 2 Ml CgH,,0, 1.59 - - -
48 O T Tk I R P CgH,6 0, 0.90 - - -
49 1-H3E-4- (1- F 3L 2.3%) O B2 2 R PR C, H,0 0.35 - - -
0 e LR RS CoHp0, 036 - - -
S T (12,4, 4- SIEG-3- 20 2- I mEE CpH 0, 255 - - -
52 a— R FETR R Y e C,H,,0, 459 - - -
53 T B (2- PR fig C,,H,,0, 0.58 - - -
54 FERER 2 B CisHs 0, - 0.66 - -
S 10.92 0.66 0 0
55 . 2 1F ALk i C,H,,0 7.15 10.56 6.25 -
56 1;%% 3- 2,32 5- — I LA CeH,, N, 3.46 2.63 - -
57 48 e C.H,NO, 217 - - -
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AHXF (% )

Jre FER MR ) 5T 7353 SEEK EFHET HT

(W) BEEOR SRR SRR
58 2,3,5- = H -6 I e CyH, N, 0.41 - - -
59 2- WA -4 - LR BT CyH,,0, 273 - - -
60 4- T2 - W AR FEIR ) CyH,,0, - 7.54 - -
61 1-F - 1H-nng CoHyN - - 1.04 -
62 2— F Ly g CsHgN, - - 2.65 -
63 2,5 — I S C H,N, - - 11.22 -
64 4,5 —FFLnm CoHgN, - - 5.05 -
65 2— £, F—6- I Lnh gk C,HgN, - - 4.60 -
66 2- 4 F-5- H FLn C,HN, - - 3.02 -
67 2—- 2 F-3- H gz C,HN, - - 9.33 -
68  Zuf 1= 2, Hm2 HIE— 1 H-gi% C,H,NO - - 1.16 -
69 fLEw 3~ LTt HE— 1 H- LI Ak CgH,NO - - 218 -
70 3-H-2,5- F kg CH,N, - - 23.65 -
71 2- 233, 5- HIUALN s CH,N, - - 0.61 -
72 2- H -5 (2-T M 55 ) ik CsHyo N, - - 0.68 -
73 3- LI IR B CgH, NO - - 0.43 _
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