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EFFECTS OF MICROWAVE TREATMENT ON MAIZE

GERMINATION, NUTRIENTS AND ACTIVE COMPONENTS

ABSTRACT

Microwave, as an efficient and environmentally friendly physical
technology, has been widely used in industries such as food, chemical, and
pharmaceutical. In recent years, many reports have shown that microwave
treatment can activate various enzymes in seeds, improve the germination rate
of seeds, enhance the nutritional quality of seedlings, promote the synthesis of
bioactive components, and thus enhance antioxidant capacity.

Maize (Zea mays L.) is a significant foodgrain. And maize is rich in
protein, fat, vitamins, cellulose, carotenoids, and various trace elements, which
have great potential for developing high nutrient and high biological functional
foods.

This study measured the germination characteristics and lutein content of
five types of maize, and selected a maize variety (Zhengdan 958, ZD) with
excellent performance for research. This study investigated the effects of
microwave treatment on the microstructure and germination characteristics of
seeds, and nutrients, active components, and antioxidant capacity of
germinated maize, in order to provide a theoretical basis for the development
of functional foods for high nutritional germinated maize. The primary
research findings are as follows:

1. The effects of the germination characteristics of maize seeds after

microwave treatment were studied. The results showed that moderate

v



8 W YN R R TAT.S'S

microwave treatment significantly improve the germination characteristics of
maize seeds. Under the microwave treatment of 200 W/20 s, the germination
potential, germination rate, germination index, and average germination time
of maize seeds were 88.67%, 99.33%, 36.39, and 1.83 d, respectively. Analysis
showed that microwave treatment can only effectively promote seed
germination within a specific power and time range. Microwave treatment
increased the sprout length and edible fresh weight of maize after germination,
with the microwave treatment of 200 W/20 s, the sprout length and edible
fresh weight reached 18.63 cm and 1.79 g at 10 d, respectively. After 20 s of
microwave treatment at 200 W, the respiration rate of germinated maize at 7 d
was the highest (3.53 mg CO»/g FW/h), which was 41.50% higher than that of
CK and 3.65 times higher than that of seeds. The analysis of scanning electron
microscopy showed that microwave treatment can change the original
structure of maize seeds, the binding between the protein matrix and starch
began to loosen, the shape of endosperm starch granules became irregular,
with obvious surface depressions and adhesion between starch granules.

2. The effects of the main nutritional components of germinated maize
after microwave treatment were studied. Microwave treatment could
significantly increase the moisture content in germinated maize. Under the
microwave treatment of 200 W/20 s, the moisture content in germinated maize
at 10 d is the highest (83.70%), which is 7.60% higher than that in CK.
Microwave treatment could significantly improve the hydrolysis of starch in
germinated maize. After 20 s of treatment at 200 W, the amylase activity and
reducing sugar content of germinated maize at 10 d were 2.68 U and 17.73
g/100 g, respectively, which were 13.56% and 6.04% higher than those of CK.
The starch content in germinated maize at 10 d was only 21.45 g/100 g, which

was 68.44% lower than that of seeds. Microwave treatment could increase the
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content of free amino acids in germinated maize, and with the microwave
treatment of 200 W/20 s, the highest content of free amino acids was found in
germinated maize at 7 d, which was 32.09 mg/100 g, an increase of 19.52%
compared to CK. Microwave treatment could significantly increase the content
of soluble protein in germinated maize and accelerate the decomposition of fat
into small molecule substances, but the difference in soluble protein and fat
content between the treatment groups were not significant (p>0.05).

3. The effects of the active components of germinated maize after
microwave treatment were studied. Microwave treatment could significantly
increase the content of malondialdehyde (MDA) in germinated maize, enable
it to quickly synthesize a large amount of active substances to eliminate
excessive free radicals caused by stress. Moreover, under the microwave
treatment of 200 W/20 s, the MDA content at 10 d was the lowest (1.23 nmol/g
FW), which was 9.82% higher than CK. Moderate microwave treatment could
increase the content of proline, total phenols, and carotenoids in germinated
maize. With the microwave treatment of 200 W/20 s, the content of proline
and carotenoids were highest in germinated maize at 10 d, reaching 70.72 ng/g
and 184.99 pg/g, increased by 15.48% and 14.16% compared to CK,
respectively. Under the microwave treatment of 250 W/20 s, the total phenolic
content in germinated maize at 4 d reached its peak at 4.27 mg/g, an increase
of 46.05% compared to CK. Microwave treatment could significantly increase
the lutein content in different parts of germinated maize. With the microwave
treatment of 200 W/20 s, the content of kernels and sprouts in germinated
maize at 10 d were 43.02 ug/g and 917.06 pg/g, increased by 6.14% and
11.53% compared to the CK group, respectively. Fourier transform infrared
spectroscopy analysis showed that microwave treatment can enhance the

absorption intensity of characteristic peaks of carotenoids in germinated maize,

VI
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both germination and appropriate microwave treatment can increase the
content of carotenoids in maize.

4. The effects of the antioxidant capacities of germinated maize after
microwave treatment were studied. Moderate microwave treatment could
maximize the antioxidant capacity and antioxidant enzyme activity of
germinated maize. Under the microwave treatment of 200 W/20 s, the ability
of germinated maize to scavenge DPPH free radicals and the total reducing
power at 10 d were the highest, which were 21.62 umol TE/g and 18.12 pmol
TE/g, increased by 28.81% and 58.57%, respectively. And the ABTS free
radical scavenging ability of germinated maize at 7 d was strongest (129.75
umol TE/g), increased by 37.67% compared to CK. With the microwave
treatment of 200 W/20 s, both superoxide dismutase and peroxidase activities
of germinated maize at 10 d reached their highest levels, which increased by
8.46% and 56.27%, respectively. And catalase activity of germinated maize
was 1109.06 U at 7 d, increased by 20.87% compared with CK.

KEY WORDS: microwave, maize, germination, nutrients, active

components

VII
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Fig.1-1 Structure of maize seeds
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FEbE (>45°C) BK (<6.2°C) W, BEE T BI0H], TORBUCIER D, fRig
SEBUHAFNREE (25, 15 A1 8°C) AP RFRT, Z5AUGRW], (RIR M0 53 Bl R 1
(V)R 2 2R Sl R AV S -V MBS 1, H 15°C AR ER AT 8°C i, ANIR] S
TRORHR P8 P HR AR BE 0 AT S35 22 5 o B TRBARIAS R EE RS & AN A il 18 0K
Fiy, SiRRIL, (£ 25°C LAY, BEEIREERTBRAR, AN]SR A TR IR A 28 AN 2F
F R AR, BN SRR TR R TE P AR [F] . A BT TR, g &
AN S BRCRT DL 25 5 e A TR B B R 7 B HE AR . I A AR AR R AT
PUEACBE TR, B9 TOKPh T UM

124 B

KEMFERY, (RIRERE RS et ik, (HBRHIREL S, N
P A B AR HGER IR o reEok, LI B G S ORI s, A
W, B LLZE R AR, REI AR K. DIRE SRR EEE . K.
By AR B B BEAERSETCHLT S R & AR, RIS e E. R (Cd)
RPEERA, PREIEIE T, e SR, KUV S, EERARTIH 2%
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B BIERBOR, FEOFRAERADCEERAS, HEREYE N, S0
FEEREN], AFREZR) CA 00 FK B AR ER S AR, AR Cd> (5~10
mg/L) Redem FRFFRIREER, HEKER CE (40 mg/L) EI&F R KFFHIK
FHREEFEIT CK A, HEREE CA2 X T KA S0 R T% 2 e, X2 AR K
BRI CA IR A EAR B . HY (Pb) HARMEMERNE, XA A,
REMEHNHIRE B R, PR E S IEY = 5. DA B SRR IO FOKFR T ik 5 R
fERAFIREE ) PO A BE T KPR, 255K, B—f) Pb?" (10 mg/L) ALEEX £ KFh
TIIH R R A — & FRBEE R, T EER Pb? (20~200 mg/L) JUl25%F T K Bl (1)
HEF ARV ZF BB AN RIFE B (A, 23 PRI K A5 M K AIAR K, H P> x
HREB RS S KX B3y CGFEL 22 [dnfls, WL EMBKKEE, SE
<5 B AN T A A, BT DA B 4 B

1.3 AELIEX ERPEEEFATHIFN

P -F (R R & — N E IR AR, A BB B R T IR S FR N R AR (1
HR, EERITEFRE T K. EREHL 12%K5ER, 10%H 8 B35 4% 5
B, WEEENERESZEKEERIER, SERHEKRMIL, #RE T KIEFR
ARG, R NRRHER T A . K FOKIE FRAEIEZ FORPE . R 2 I (R AN
Qb B 2% A1 5 DR 3R R R T

1.3.1 SEMAIHES

A R IUIE] TR R R B VRS 9, R R B SE R 0 AR R (A SRR A
AR T RS KB EEBTIRRT TER M, BEAE B A R EE N, FORME ek & BRI,
(EBEE JC I (8] A/, KM 73k IV FE B 180T P BRI SS, 1 24 h SR 201
NRFAFRB TR TSk & Rfom, XKW, REFERT e KREHME H
AN TRV ' B 8] BE A8 2 28 R A 2F TOK Rt & . v S CS A E A B OR T
SEREFWNATE P ARG, REFEREEESERE ST CK A, HEREW 2
FEE ) A AR AT RN T TR T (R R B Ak, SR IROKGE 2R, (T H A DR B
R 2P EER KA L B » Karmakar SE0VH S8 &0 P ARAL B TR 1, 45 REBH, A
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[F] BT [ F b B 35T R s TR (R APV PR B 5, X T R AL B AH FOK AR = R 3 N
JE ] o 38 A OV H AN [ o R P PR 44 AR FR AL B TR, BEFER I VB e R E i
7d RS ROKR VAR S, e T KRBT . B AR TR A,
FKBRE 1200 I, JEMEECLM 74.37% FEEE 45.37%, AR, Al E Mm-S
B 2.63%$2 E 2 23.4%, X2 URFEHTRING, KR T IITER (R B AE R K
RN T RE . KRB TR, BT KR IR A N 49.02%, EEFES BN
4.87%, BEE R ZFNRIIER, SR & mRrE PR, &% 36 h J5OUH 27.30%, A&,
R RE S ETH R 6.61%. WhAeBEFEBIRAT FE LB, B KM T HITER & &N 37.69%,
RIF A8 h J&, WEM S REE N, UH 29.37%, HAMESEM 6.88%HET+E 17.85%.

I

1.3.2 EHRMIEL

T R S R AT €5 B BRI P Pl 5 U IR, P DA K I A B SR B I A =,
ABAENKI R — . BRI, TP & F R A, TR |
RN, R T REEAM, HBZ &R KEEARMEES, FEEARSERK
BEARIM., HIFFEUEARY, FORR GRS E A SRR ERC, FEER M TP
FEFREL, RAFIEFE PR AR 1 G AN R PIVA T E R B S RGN, B AR S TR
RIS TR R E A& &, oA s A s T, RRKEEEA .
LIRS IR A B Kaur SFWIRF TR, TOKEHF 720 J5, EEBEEMM 10.7%
BHTRARE] 7.2%, FEER T HIINEER . ERTEE MEEES R L FHEIER, 3
R BEAE KSR ¥ 70 A R BB 545 2 T A Ao I FEIE ), FoRR 2 72 h )5,
JE b T BRI B B ORIF A, (HAL TR EU BRI & 8N T 4%, HEFR(17.3~30 mg/g).
N EIR(108.7~24.2 mg/g). HiZ F2(18.9~25.8 mg/g). #H% M2 (166.2~168.2 mg/g). 4
AWR(16.5~17.5 mg/g). AR (11.5~19.2 mg/g)S L FRIEMR S EAH K 72h W2 BT+
a, SRR T RER S BN E T REH . B oS FORT R R, K
RARBR SR S dwm, AREERSBIEEEARREHIN, QKNS #
2R HER . ARARE UL HEER S B RERE . 5 LRH AR, Chavarin-Martinez
SEWE AR, W ORI EE 207.7 h AR A S EINT 38.48%, KR NEXK
FERFEEPTERD GEMPIHEFE LU E A NS . Hiran 0K
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W, #OGAET, FRMTRFFEIHESSEMMN 12.1%8 005 15.7%, X £ &
KRB R T E AR E AT A M. s EBIM R, Sd
MR 2E B R E AT EM 10.4%080 % 10.2%, 1 AT E A2 M 1.08%3 0
3.88%, XsEH T RN, B EEERRGE, (R B BUKIIE 5 8 T K

I T AR .
1.3.3 BERAFNASRAER

TER TR, AHAEAE TR b I 6 s Bl A G Bl 2 o g T R A H 4. Kaur
LEUSI I LRI, B ROKRTE 25°C M1 90% RH 2614 F R 2 72 h, Heli & &M 3.68% N &
3 2.81%. S2PE RO FORERER KM T (26.9°C/207.7 h), 1EAHIKZFI 1) 2
BRIV, BRI & EBECT 35.5%). B mbSSHIR e R, EREFE SdI,
T & R 3.88% % 2 3.71%. #EJI7C5EWIIH 25°C #E4T FoK A F 50, R,
FAREHF S d G, AERIEIRRN &8 B2 S T, 2d R FKIERA B s

R[5 &

o

1.4 NEIRLIEXS EARPIFEMEA T ERIFN

SEHIR RN Z BT RETE R HOTEAERIR, LA B DR A2 B2 0E .
Ub, RCEFA VI S B RO BAT 2 Pl i R 2 AR AT 25 RO EL A D REPERE R Ab e aE
FERY R AL BN DL SR ARV R, A AT ARV VR TR & A i e

1.4.1 ERSEYIFR

By RN AL T TR RIETERY, REVS A RIRER B Ak FRIME. B,
H R BETOTE AR PR N R R AN, (MR e & . ikt , Nk
SEE 20 M B K PR IR ) T PR A B B, TR S5 S RS TR I 22 R TSR 4 L R Jo e 481,
TR BEECOIRIE LR, el 3.5 mT 7 A 60 h J5, &5 G Ay B 2 4K
XA AR S 1, SRR A BAR s T R g e T OGBS 1, A5 R
B, RS RN IR Mk 2 TR B B &, R R ORI EERERE T . Kaur
EWIIWE LR, B 72 h )5, TOKREB S EAR TR T iEm Ty, KRk
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S, VEROKE, SZEENmIM S ERER, rUUaB S ERE IR
Chalorcharoenying ZEPUF T AT, K EFReIE R KT DB &2, 7d 8w amS

BEREET 24 h FEMEKRFNT. Lu Z02%0 6 AN Ar ) £ k3T & 2506, WELs)
Frf il Bk m ey & e AR AN (3d) 5 ESEE, Hd Hetian 4 [F 00y & &
BE T 41292.72%.

142 #E%

EXREELRAEAESR, W VC. VE. VBi. VB MRS, RS 78 \AKFT 7
RIFREEER S KRS E RN &&=, oS R RE, TR 72h )5,
BERSEILMTZ 10 5, VC SELU FHE 1 24.25 mg/100 g. BB A
FRY, SEAKKZF 48h 5, VCHEEMNRHIEIME 991 mg/100g, VB H&EH
FiRBE, VB S EBZIEA K, VE M 10.13 mg/100 g 3135 12.59 mg/100 g. 3KkEh&kH2]
MR, R ZFSBRE TR0 VBay VE & S B i & N 8] (0 2B K i 4 i, 1fi VB, (¥

EEAFANERUAR, KRBT RFIERM TS AMALGEA, KRR
2, MEHAEA KT

143 FHPFE MR

HKAE N ERMN VA RTRYIR, R B B ANRE G R, BT LR 22 AR SRR ES3,
TR 86.9% KA MFRALTEALF, FERMH R EKFA, Lu FE2%}
ANTE] AR KA - BEAT R CE S, M R R BRI MRS R, AR,
M ERAE BT A WIAINAC 1 1.2~2.1 £, AFEEF KPR E PR ELEAF, Hetian
4 R RERR I RIAY MRS RS T HAR S A BRI AR, RFE
KARFEIAIRAY PESREREE. 72h WIEFTHRAY RS EEF T 6.19
f, MRS ELM TN S ML, IOKBEREM A, 15 2EEI TN %
FRACFRNT TR KBS SR IE R, 75 S mg/L FIMVERRIEEE R, 3 d IR
FOREEARY DB E B, MO R 38 3R FOK B8 T 1 & B4 L CK 238, PCR
SRR, BLIEIRAENS B AR S G R PRI R IA R . Xiang SFPVRHT ALK
W, FRZFFEA 10 FREAS MR, Hd, 3dERFERHERSERA. AR
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RS T RS NRIRR, FORHMEIAE RS ER S, WIS T 16 5,
JGZH ¥ — OHase 4= A I IA K B35 v T H AR AL B2 . Luo %057 MelA b3 KA
T, RIAE 0.5 uM MeJA IAEE T, MRS B CK #2551 42.5%, XZ&K N MeJA
PERN— A7), TRL BI2REAE b 3R & U@ AR R B A I 2 R A K, (2
HEE KA RIS . He S8R50 K I NaCl Bl b BRI MeJA BE4 kb
BIRefeit 3 d AR PRI b RIS R, TN MeJA A LAZEf# NaCl i R A
FRMW, ZFEWET, HEERSEREGE 14 pg/g B CK#E 1 58.0%.

LS RRABERBEX

1.5.1 ARABSMEE

A TS AT KT JE R, R o A B S AT R SRS, B A [E s Ak
FEN KT AR 2R, TR FEANR] AR Bipl Ab B AR A ) R 2 oK o B TR T
TR AT EAGTE PRI R . RN AT

(1) BFFAS R AL FR S FORFh RO G B RS CRZER. REFH. K
FEHO T AGT KB KEIR G MK AT 3o 2 R0 P IR 2 (1) 2

(2) B FEAN R AL O 28 FoKH FBE FREy OKGr WEky . EJEHE. Al
VERE A MRS EGER AR B B AR B PR R

(3) WFFEAS R b B R 2F oK MDA & & AEE R (R A
VC MZEHAEE MO BRI,

(4) B FEAS [F) B AL B R 2 T K AN R A, CRRER S PRI ZE 8D ht B K & &
(RIS o

(5) WHFUA R AL BN A 2F B ikt /1 (DPPH 55 ABTS H H1L5FRAE
J1F1 FRAP) KPi4AfLEE (SOD. POD Ml CAT) & MEMIFL .

1.52 fARBNRENX

REFREM IR R TR E FRUME, HEINTOR P ARy, WS MR Bk
Jii. GABA F4EAEZ, KIBFRIPUEAIEE. AT TCRUIM AT Rl AL B 5 7K 7038
BEVESE N, BERIETET: R, AR T RRT- (R0 28 R DA LA 4l d s e o) N s 4R

_8-
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N TR R IR B, $h e 28 TR RENE £l BB U, I PR A 2R Ak
BRORRR XA T, PRI B AR B KR o S EUE IR o A R R ) B
SEWHAEEE S RS IR REME R b T R R AR .
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£ 28 MUKIEX EKIFL P EIRIERRIF N

2.1 315

T 7R SF I R SZ IR BE R RS, TR A AR S LS AR (R A . — 2
B FREE B TAREO), FRmia 0, B ISR AN R T DA B TR R ZF R

e A2 AT ARG v 300 2 300000 MHz (¥l FE B9 4% T, AT DLAT Al b 7 PR RFH 25 3%
FipF R SFRFIEO, BLAE 1977 4F, Bigu SFCURUHE T 1 s fm 5 AL B0 T K Fb 1A Ko
TR . ZRERY, 16 10~30mW/em? [ TR KR, LMK I 22~24 /)
o AT KR TR, X ATRER B TR R BT B, TR SR I, sk
AL PRI LARR /N 1621, KRRV FRICISEAE M ) R 2 S RIS HE J7 o B FCUERALS), 1
BRI RE R T LA IERY), R oK Fiiss, HmERrmRoKee 7, M
PR TR R BRSOk AR R 0 SRR A
TR0 T2 RO BT TR K

AREILECT 5 FARRF K, BT FF e A B R A, I
B R B A ) — A K, R AT OB A B, It U [R) Bl Ak B0 K O 4544
HA SRR P AR 2 AR A RS

22 HRI5RE

2.2.1 SLIGHR)

R 2-1 KA R

Table 2-1 Experimental materials

R4 FR K
ERE 15 (MND b3 5 B AR A R A
£ R 165 (HL) AR A R R A R A 7
B 958 (ZD) AT R A A R A 7
5LJ% 899 (HZ) T EE 5L R AR R A R A 7
SEfi 168 (QS) HHEEMTERAR

-10 -
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2.2.2 SLIGIRF

* 2-2 SEHH

Table 2-2 Experimental reagents

ESER i i S

T il R AR 255 B A G A PR A 7
TR LI AR [ 255 B A G A PR A 7
1ECkE AR [ 255 B A G A PR A 7
L AR [ 255 B A G A PR A 7
K AR [ 255 B A G A R A 7
A AR [ 25 SR A A 2l A IR A WD

S SRR e i =90% Fi R AR A PR A 7

2.2.3 SLIR{NEE

*2-3 LIRS

Table 2-3 Experimental equipment

NE RS LR ] =%

B R JY-1002 i RS AR A TR A A
SRR K A YRG-300 A EAE RS A RA A

TR AP P7021TP-6 TeI IRAE LRI K A 7]
LIRS i a1y L3S A TS PR A F
FLA VR TR LGJ-10 A PR B R A R A ]

= B0l TGL-16A KD AL AR A TR A A
Tt R T A KS-500DE B 1L 3R S A AR A R A 7]

2.3 LI HE
2.3.1 EREZZFRE

PR AFRL LT T I 2 25 T I I oK 1, BT 1% i B R P VA 4 20 min,
117 Ja 2K e B3R P, o T 25°C K& T/KHRIE 24 he

TRBAL B AR T SRR TT, KB ZD BIRCEF R LN R & B,
BT LAE R ZD AT A BE o BRI S 1 BRI 7K 43 5 350 S0 A TSOAE 35 77 L b 3R 4T
TR TRALTE . 7320 FETR TN 200W 23 Al AL HE 10, 20, 20, 40, 50 s; 7370 4E 150,
200, 250, 300 350 W (M5 ThR FAEEE 20 s. BEANREFEMLBCE 30 R FKFIT-, AR
FLIA] AT RO AL B . IR B R R AL BRI R A CK

JEFIRES : B CK A AN Ak R A 1) R K Foh 735 5 IR Al A DB AR I R 2R 4 I

o1l -
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BT ANTIEFRSE (25°C, 80% RH) Hiirhsss.
232 AFERHEMAEE

rASER 4y 7. 10 d RCFTOK, RERMRER, W UR TR o, i 60 H i,
it 5 R A7 T Ja 225056

233 EFERMEFHHNE

TR KR 3 KR HE GB/T5520-2011 #H47MlE, HHE A
2 2-1. K 2-2 FroR.

N _7d WIEH R R TR 0 .
KEEZF (GR) e <100% (& 2-1)
N _3dWEREFRTE 000 sy
REFEH (GP) —rr . <100% (X 2-2)

2.3.4 RFIREHINE

RFFREBON t RNIR TR 78S K FRBEWEZ A, FEA R 2-3 Frx.
& (6] (3% 2-3)

Dy
P Gt ISFIA] P 5 R A 4
DX N TR ET to

2.3.5 AGT HIME

AGT A 7d WERRFFTES R F R RAR 2 A5 R & R 2EFh 1 B 500 tefE,
&AW 2-4 s,

Gt XDt

AT rmrnren

(7 2-4)

e Get IR JE) Y A28 (1 2
D% I R Rt

2.3.6 FKMATRERSEEERINE

BEMLEI 4. 7. 10 d KIFABIYLIH 10 PREFET, EBRARES, HIH 7R
5, BOPEEAOVERRI A R e I ERIE S KR, RO E O R

-12 -



8 W YN R R TAT.S'S

RS
237 HEZES=NE

3R R MRS H AR ECIN T, FHTES. BREREXERR (EC
Bi- G- - F ) JRAHEEL 20 h J5I0 2 mL 40% KOH-ZBEiA, B T2k 4
ho T 5 AR SR AR UOINFE SR TE Okt BRRINVAT, SE Y ZE, I L,
EAERI, AIF EEIFANEE S0 mL, 7 445 nm AR E ARG OD (f. M3 R hnif
B2k A y=0.112x-0.0004, R2=0.9998.

2.3.8 FEIRIER Z A9 E

ST N 8 1) 7 0 5 IR ek 21661
A K 20 mL Ba(OH), UM T INESR T, BEET, BRET
i COx M4, BEEISIE T, MMABBKFE R G, Mulas BT, Rl e &4
NFEF/NLA . FHEERRIEON €, E I AR,

FER A S — RGN S0m, A FAFR R Ba(OH) I8, H RS
KIGCEAEZETHER/NET T, F5R%ET, M 10 min INHAEIR, £ CO B
564, 30 min JEIGEYRER R M E, EE A AHARME, HERERNEBLON K.
I 3 22 T3 A S =G 2-5 B

(V()-V) x1

IR ZE (mg CO,/g/h) =
A Vo—ilE = B A PTHFE M IR A, mL;
Vi A A T FE I R AR, mLs

( 2-5)

1—h % ﬁ mol/L WL, MF 1 mg COy;
m—FEmE, g

t— S TE], he
2.3.9 ERMF VLSRN E

P T AN AN CKOAH 1 R TR BFEE L0 5 ok oK [ 2 TR a6
WGP S, 76 5SkV IEBEET, BOK 3000 #5117 SEM 4347,

213 -
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24 BEESITS SR
SR bR E ¥ 3 IRPAT S5, 455 BL Mean £ SD T 037~ . SR A Excel 2019
WIS SLIGHHE . ) SPSS 22.0 4T B 4 H1, KA Sigma Plot 12.0 Z: i % .

25 FERE5 5

2.5.1 ARIERAIFLFM

*® 2-4 AFETKRIEZEKIRS

Table 2-4 Main growth indexes of varieties of maize during germination

Pk GP/% GR/% GI AGT/ K /em

MN 81.33+4.16" 93.33+4.16b 31.49+1.63b 2.05+0.09° 13.8340.85%
HL 100.00+0.00° 100.00+0.00? 41.50+0.76° 1.42+0.05¢ 9.47+0.35P
ZD 78.67+1.15b 90.67+1.15% 31.16£0.69" 2.08+0.08° 14.23+0.512
HZ 66.00+2.00° 79.33+3.06° 23.57+1.12¢ 2.29+0.01° 7.50+0.36¢
QS 79.33+2.31b 91.33+4.160 31.21+0.82° 2.00:£0.08° 14.40+0.46°

E: AFRNEFRACRA R B AR ZEIEZST (P<0.05), T
Note: Different lowercase letters in the same row denote significant differences (P<0.05), the same

below

Hi# 2-4 W0, HL K F &, K3 100%, MN. QS. ZD MK FH Lk F|
90%LA_E, {H HZ IR ZERANA 79.33%; HL MK ZE4E50RE (41.50), /& HZ [ 1.76
. HZ ) AGT I K (229d), H ZD 1 AGT #ZEK 7 10.10%; QS. ZD F1 MN [ 2§
KM EZER, HZ MNHFEKMNN 7.50 cm.

SR U, T R SN R v U R R VR SR RS, R
REFHE, MRFFCNU I E AT, §9m 208, KRR &I. AGT K
SR ZE T AR AT T R 7 1035 Sk BUAR HL IR ZESA . KRR, RIETREM
AGT 7€ 5 MR KR @ R, 15 7 d ZFKAUH 9.47 em, X 51 FE Ol ToK
)RR R AR AR L
252 AEIERHWHERESE

HE 2-1 CAD AL, RFFRKSRE KPR & &, HEEE K RS
K, HiEEK (QS. ZD. HZ) MR & R IN@E G £k (MND FIE £k (HLD

o ZD AR R SRR E S T A A, HARKSS 74 OHHERSE

-14-
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9 11.56 mg/100 g, ZFfF (0.37 mg/100 g) 7 31.24 f%; HZ. QS+ MN Fl HL 25 7d
[ RS R AN T Y 23.25. 20.48. 32.99 1 15.79 1%,

20 20
e MN (A) (B)
P —o— HL a a
Q5| v QS 15 | b b
S —s— 7D o .
> d
E
& 10 10
4
ﬁ
i1 i _
= s 5
0

8 7 8 9 16 lll ll2 1'3
ENG RSt AR K%/ d
El 2-1 AR EE SR (A FIZD M E SR (B)

Fig.2-1 Lutein content of varies kinds of maize (A) and Lutein content of ZD (B)

ik 2-1 (B) FizR, ZD (R332 i bE A K 0 I H) (0 2K 2 30 S 388 0 5 B 0

B, AKZRFE 104N, HERSEERIEME, K 15.67mg/100g, HERTH 7d 1

K7 35.54%; AKZEFE 13d 0, HERGFEERMLT 7dWKFEK, N 10.98 mg/100
g, S 10d FRIK T 42.72%.

2.5.3 UKL IENS E KA & FF RSN

M 2-5 AT LAE H, — @ 4 A BT DUE B 4 8 BRI R ZE R R ZEH,
BRAR TR ZE RS, AR ZEIRE (P<0.05). 7E 200 W/20 s I ALEE TR, KK
RHRIEF] 99.33%, H CK & 8.66%, AGT tb CK &b T 12.02%, K %02 CK [
1.21 £, HAR 350 W/20 s HITRR AL BRAM S 7 TR B & R 3, HEr D4ER AGT,
P R FARE . IX 5 Wang SO 5 SR 22 FhF IR 7T BL 38 FE I ARis b B (200~600
W/10s) REMRBEEFRAIR ZEER, (HIhFLE (800 W/10 s) S [Elid K (400~800 W/30
s) TR Ab 3 D) S5 4 R T 1 R 2 . IR ST, Tipt b3 XA R 5 (1 T 2 T e
(176 Rl Y B U 3 A2

R AR B v AT BE -5 A AL S K A AR S B I 1 4 I SO 04 DL A
J 5 G5 AR EAT O o E i v A AR Th SRR K (R e B ) = B A P 7 b Ol BE %

-15-
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FHEFLARIET, AT PRAR K A A 28 6 TR I I 5 24 2 A Rl B A B 240 D 7 AL A AR
s, PRI o X e A B A 2 R K BT S AN EAT W I
% 2-5 PIBALTEX FOK B R R R I

Table 2-5 Effect of microwave treatment on germination characteristics of maize

Toipe Ab B GR/% GP% AGT/ GI
CK 90.67+1.15¢ 78.67+1.15¢ 2.08+0.08° 30.1620.69¢
150 W/20 s 95.33+1.15% 86.67+1.15% 1.90+0.06 34.09+0.68°
200 W/20 s 99.33+1.15° 88.67+3.06 1.83+0.04¢ 36.39+0.54°
250 W/20 s 97.33+1.15% 86.000.00%¢ 1.92+0.02b¢ 33.85+0.420
300 W/20 s 94.67+1.15b<d 84.00+2.00%¢ 1.92+0.09b¢ 32.67+0.63¢
350 W/20 s 90.00+3.06° 78.67+2.314 2.01£0.03% 30.43+0.29¢
200 W/10 s 98.00+3.46% 86.00+4.00%¢ 1.92+0.09b 34.774+1.13b
200 W/30 s 96.67+1.15%¢ 84.67+1.15%¢ 1.96+0.04abc 33.93+0.420
200 W/40 s 93.33+2.3]cde 82.00-+3.465d 1.99+0.032 31.09+0.974
200 W/50 s 91.3343.06¢% 81.33+4.16% 1.99+0.142> 30.96+1.03¢

T CK ARF RGP RN B, 150~350 W Fl 10~50 s ARFMIE T3 RIS 8] .
Note: CK represents untreated microwave, 150~350 W and 10~50 s represent microwave power and

time, respectively.

2.5.4 UKL IBE T EAKZFKAIR A

25 25
— 4d (A) —4d (B)
7d 7d
20-:10(1 i 20 {1 == 10d a
£ 15 bch : 15 b
2 | dl &
‘ o
i .
#R 10 { 10 A é
ab é
° %
%
59 5 1 é
.
%
0 0 7
CK 150 200 250 300 350 CK 10 20 30 40 50

T Th 3 /W TR IR T8 /5
TE: (A BRI 205, (B) ERIEIhHRA 200 W, FE
B 2-2 o AL B K K AR R
Note: The microwave time in the left picture is 20 s, and the microwave power in the right picture is 200
W, the same below

Fig.2-2 Effect of microwave treatment on the length of maize sprouts
FRAEMEWAKKEREZSRER, ATLURBE Y FOIR I . KM 7721 B )

IKGPFNREE R, WEAR Sl R b e, IR AR 2 1~2 mm B, IR 2 2 TRl Bz

FHIEK SRR BEEE WIS T E N FAK. BERF TR, KM
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KIFHTHE N (B 2-2) 0 3@ 2 s A B B8 2 2 1R v oK 2K (P<0.05), H 200 W
T AR EE 20s J5, 5 10d ZEKIEE] T 18.63 cm, M T CK #2/ 1 19.96%, {H
I ThHE>350 W (20 ) BRI [H)>50 s (200 W) B, TR ZEHIAE K S22,
F KT CK (P<0.05) . TN R AE215% i & (AT S8 tHAIE B 1 3ok PR ke iple AR BRI ] (30
s) SIMFIBEZEM AR, (HE—ERE (10s) W, ST AL S & s = fZE K.,
SRR, TR AL B AT i B AR A IR KT R AR oK S AR K

2.5.5 WMURALIENS & ZF EARAT R ERSTHE RN

25 25

— 4d (A) — 4d (B)
7d 7d
20 1 == 104d a 20 { == 104 a
ﬁ z d e
i 1.5 4
fy 7 b b
&
HE | ¢ d
o L 1.0
=
0.5 A1
A 0.0
CK 150 200 250 300 350 CK 10 20 30 40 50
T T W TR R R) / s

B 2-3 TR A B S 2 T K R B f fiep E R) RE

Fig.2-3 Effect of microwave treatment on the fresh weight of edible parts of germinated maize

fief SR AHYALE B OIRES T NEREMS P E, REMEDR . KRR
RO EE B A R ZER (R A e KB I (] 2-3). Tk R, AU B &
A7 MR ML A A S SR b e i, 1Mo FE SR ISR =K, T LA SR 3 KK
5 R OR KA AL, 3E B I U A B B R N R 2F ORI A A gy i B
(P<0.05), 200 W/20 s [ ALTE R, 55 10 d A #0179 g, & CK 1 1.14
Hr, AR v 0 Th R A PR B T8] 7 e AL BB £ 45 R 2 K 1 ml s o B A PG
o AR I, i BRI 1) 28 B 1R B I 1) e DK B ) v 1) i 2 AR B e i
TEFH T AU RO A8 T 22 RS K (R e i 18] <2 i D B 5. Jakubowskd S5 5 K LA
N 2.45 GHz [P Ha 5t T 4% R -1 IR 2 1 Felka Bona /it Fh T4 S =5 1B W) (1) 2
ARG . ], SR A B RE (L AR A, AT B A R, St
TEN= 5
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2.5.6 TR AL TR IS T R IR R FR Y S2 A0

—= 4d (A) — 4d (B)
vz 7 d a vz 7 d a
41e==m 104 2 ab 1 e 10d g

IEIRGH 2/ (mg COo/g FW/h)

A T
A RN

H
—
Y e
B e
OO
P e
——

seed CK 150 200 250 300 350 seed CK 10 20 30 40 50
(ze I EIL] TR T 1) /

P 2-4 Gl A B X T 2 T K PR o 46 1) R

Fig.2-4 Effect of microwave treatment on the respiratory rate of germinated maize
1o S LA O o 200 L P 2 R SRS, A B BRI A A v Bl P G TR R AN R
I B PR IR R R AR (R HoRK o RRPROSRERE 1R DR /N AT DA S A LA AU 20 1R 58
B 2-4 W], R KGR R L Z & T 1 (P<0.05), HEEHE K I A
RS ETHE N . R A B RE 35 B R R ORI AR (P<0.05), ££ 200 W/20
s IR AR, KA 7d MRPFIGEZ &, N 3.53 mg CO2/g FW/h, Lt CK #gm T
41.50%, RFPT 1 3.65 fiFo IR R A FRAE R DU TR, (R FOK A IR i
Ve, TS R F TOK IR PR 28, sk v PR Aipt T 5 A5 K PR i I T 2 A Ao IR A
T2 G, SRR SRS PE R TR, AT 2 FOK s =
3G ) S USRI 5 0E B Aipt b B PT35I RR IR %, K AE M- 220 450 W20
s HITB AL BRI /& 24 h 5, IRAOPRIRIE R 4T CK g 1 43.33%.

2.5.7 WURALIB ST ERMF RS20

FRFPF IR TR TAENR LU0, FZE R TRl mE A, AR
RIBBLRERETT. WP 2-5A IR, RERHER T KEAHERARER S EES 4,
TERY BURL 2O CH IR . 1B 2-5B 9 200 W iR AL 20 s J5 T K R FL IO 4544,
H TSk FR A T LG, SR R TS SR 6 T, (R B R BRI 5 Ve M 2 (R ) 45 &
GRS, BA R . 76 200 W ik D FAHE 50 5 (B 2-5D, ik,
JAFLVER BORL T ARAZ (AN, Ve ORISR T VIR RASZE B S, R o 2 O I M
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GRUTRR R 2L 2 A

Ty RORL 7y B HISK . 7E 300 W/20 s FUTIIBALEE R (& 2-5C, #ik), ek BRI A
OGRS, ROEBLRIGN, 5T A B Ve A RORE o 1K T 2 L I ) A B Ak
B TR R L A Ve ORL A H A AN B 2, AR ER T vk R 5 8 R B T (M 4 AR A,
SR, I G T S R e BT TR 3 e O R TR AR R . [T, X R A T

RS R REEALVER AR R AEITRE, S EUBURL A R4 1 ER HERIT. 701, IRERFS AR
Rt AR, Sk ThEe 700 W ALEE 20 s J5 /N IR AL e b 5 B A B K IR 45 & %
B, WARIEN SR CK B 4%, AbHE 40~50 s J5 R AR SE A R 4 B AR T A 2

P 2-5 AR Ak B T KR AR 45 4 PR S i
Fig.2-5 Effects of microwave treatment on the microstructure of maize seeds
E: (A) CK; (B) 200 W/20 s; (C) 300 W/20 s, (D) 200 W/50 s. P /AR E R EE R S AAERIEH
Note: (A) CK; (B) 200 W/20 s; (C) 300 W/20 s, (D) 200 W/50 s. P represents Protein matrix; S

represents Starch
2.6 KB

REFERIT 5 P EKRITBE AL ORGSR B i, IRk I RS
TR ROk, TR . R A R A R AR TOK AT AL B, B AU
DA ER I FOKFI T OSSR B R SR AT R R AR
R, ZD MM R SRR & T HAS R (P<0.05), I H B K R K,
MRS ERIL ETHE TRMES, KFRH 10d S&EE, N 15.67 mg/100g.
1 AR AL B AT DL 25 3R K R AR, T2 200 W AR FE 20 s J5, EAKF
TR KRR RFTEE AGT 752 88.67%- 99.33%. 36.39 F1 1.83 d. &
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JE AR A B R S A o ORI S K AN ] S A B E, 7E 200 W/20 s FOAIR AL FE R
F10d FHEKIER] T 18.63 cm, W EHEEAEFE N 1.79 go I ALEE AT DL 1 Ak 5
FORIRPICE A, R m FORBAREEER S, HA D)% 200 W 43 20s J5 7d IR &
KRR R B =, N 3.53 mg COx/g FW/h, o CK 325 T 41.50%.

TR AL B AT DA SR K 5 A (R 4E i 4544, SEM IS 21 200 W/20 s (17 Ak
H 5 1) K Rh T R LR B 1 5T S0 M LA 45 G TR IR AR, B B Th 26 1 1 A
TR MK, e R T ARV, Hyeibhi s M P= BRGS0 %, B AR K
TR P I 28 Y K L
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£ 3E WRAEXN A F ERPEREFTRITHIFN

3.1 518§

A R SR AR KRR ORER BL, AT KA — RAIABRE S, 5
FhFHILL, REBYIEH B NE IR ME AR A BUH R DR BRI P0E 7: 7K
(20, K, RFPOIAAR RSO, FR. G800 E B E TN ERR AP 7R
FTE. EREE KRB BESYE. SAMR. IS ER/MRS, ¥R
EHEIRME . BB BESE AR T IR R, B AR R R R & B 1
o PRI AR, 76 300 W )3 Nk 30 s J5, 3 d MBS FHmriE
EERE, N 1547 mg/100 mg, T7E 300 W/10's I ALE T, 3d B s 2
dik SRS i, 9 10.11 mg/100 mg. Ma Z5S49 R 7T £ 80, 300 W/50 s [T 4R
FE TS SR A FRUE R B TG, S d RSN SRS RN 7.51 £, AR
REFR A B T R R I R R A PR SRR A IR TR I & B AR, R AR EE R ZE R
DK 2% B R A B A A R S ) (R T AT R TR

25 SR A AR ) RO BRIt 46 A A B T KA 1, R Bt K R 2 I R B SR OK
G VERY S JCEAE. FIVEVEEE . W SRR AR DT 1B AN VE A B T IR R

o :{u

B
=

A

I

=

ﬁ
% 1

32 MRtE%E
3.2.1 SCIgHER

FREL 958, W EH [ FE KA AR AT, BT-4° CIKFEHATHAT,
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3.2.2 SRR

* 3-1 SLEkH

Table 3-1 Experimental reagents

A4 R HA I
fi AR [ 24 45 [ Ak 220570 PR A
b 4 AR [ 24 45 [ Ak 22070 PR A
A TR Y AR [ 24 4 [ Ak 220570 PR A
3, S5-TAHFEEKIR AR [ 24 45 [ Ak 22070 PR A
AN AR [ 24 45 [ Ak 220570 PR A
ENUi AR [ 24 45 [ Ak 22070 PR A
AT R AR [ 24 4 [ Ak 22070 PR A
# R G-250 AR ] 24 5 A 25 1R A PR A 7
{02317 AR [ 24 45 [ Ak 220570 PR A
R — S AR [ 24 45 [ Ak 220570 PR A
R AR [ 24 45 [ Ak 22070 PR A
2 = fif] AR [ 24 45 [ Ak 220570 PR A
aRliL AR [ 24 45 [ Ak 24070 PR A
1 % B AR [ 24 45 [ Ak 220570 PR A

A 1375 3 £ A116563 (GEvAN

HoAth 3= EAF[H] 2.2.2.
3.2.3 SLIG{NES

*® 32 LIRS

Table 3-2 Experimental equipment

&S L) I

JIE 7 I A% SZF-06A BT AR AF
POATRAE GZX-9146 R EER SO A R A A ET R AT
FEL IR 7K I R HH-2 BN TS A PR A A

Fopth = 2 AR [F] 2.2.3,
3.3 KWHE
33.1 EARELFRE
FAKRF R 2.3.1.
332 RFEARFEMAIHIE

PSR 4y 7. 10 d RCFTOK, RERMRER, W UR TR o, i 60 H i,
it % B R A7 T Ja 225056
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3.3.3 KO ZERNE

WOE BRI (R, KBRS, MEE TR ETREET, REIFL,
B TROE IR, WJE B ATRA (105°C) F 1% 6 h, ¥4 30 min
JEFRE, REETHR 1h, BE ERERE, HEEEE RIS RE S E— il E %=
<0.2 mg, MR RIFE TR A SRKK D & &,

3.3.4 EMFIERESSEHNE

22 Lu 5B E DI Vet & & . TREL 2 g K3 RN, A e 2 B4tk
MG (60°C~90°C FiMifk) R VAMENE (85%Z ) J&, WFEMIKIREEE T mAR
(92M A 4.6 M) 1, FIEBET/KBEHRPI . B L JE B & &k 1] DNSESZ
SE, LU RS e SR (BE RN 0.9).

3.3.5 EMEE RN E

R4 Ma SR F0 77200 58 VE R g (135 1%« FRHR 2.0 g R ZF FoK (%) 5 8 mL
EBEFKUKB B . B.00(3000xg, 10 min)ja, HU_EIEHCE 35°C KiGas 4R 10
min, JIAZERR KNG . KH DNS EME &L P& 8. —MgiEEeas (U & T
35° C T HEvORE BRI B E R KM= 25 ) 22 28 Wl 2 B AL SR M &

3.3.6 AAMEASERNE

AVAPE R A B 82K A Bradford S 75 iE I RE o 7] 2.0 g R 5 B KRR HOIMAN 10 mL
EBETK, TR IEE 30 min J5 0 (8000xg, 10 min), HEE FRIEEEEME, &IFEMH
HERUBIFAN B 2 50 mL. B 1 mL $RBGK S 5 mL % SR B S, fAEFE
2min, T 595 nm 4 OD 8. RIS A FR#ERIZ Y y=0.0051x-0.0132, R*=0.9927.

3.3.7 EEREARS=EHINE

S AR & B E 275 Yousaf ST /7%, HEHTEE. 17 0.2 g KA EK
BN 5 mL &5 7K, AR 15 min 520 (5000xg, 10 min), iR AR
Wio B 1 mL BESR. 1 mL BEERZE M. 1 mL 2% =B AR NN 25 mL 28 &5
Hh, KB INAA 15 min, A EMAVERGE AR HEES, FHE 5 min J57E 570 nm 4t
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M5E OD fH. SEZERbRMEHZE A y=0.0049x-0.0504, R?=0.9909.
3.3.8 HHAEEERNE

SHAA 7 A EFARME (GB 5009.6—2016) e ARG & . g B SR B AR FL Al
A 75°C, FATITARIERIGTT, FEARABEEIRIE . B oK (2 g) HIELRE
B, TIANRBURH, R R RIS AR e, S8 FIN 50 mL A k. $2H 10 h
JG, R A A M K 564, TR REE IR E, HE R

&

gl

o

3.4 BIEGEITS 90
BIegi1t 5781 2.4,
3.5 RE55H

3.5.1 WURALIENS & ZF KK EERIFNT

100 100
—4d — 4d (B)
vzzzd T d rzzzz 7 d a b b
E=a 10d = 10d ¢ b b
80 4 ¢ 80 - ) " & a ab b
s
e ab ab a b b
I 6o | 60 - .
&
A
N
® bbd ’ I I
10 | | I
0 . ad
seed CK 150 200 250 300 350 seed CK 10 20 30 40 50
Tk T3 /W TR IS 8]/

P 3-1 Bl A B X e 2 T oK rp K o3 & B (R 5 i

Fig.3-1 Effect of microwave treatment on moisture content of germinated maize
IR RV G5y, 7o KA o] DA B PRI AR, RIS FR 43 (881,
IKGPIE AT B B AR R, PR IR R . i 3-1 BoR, BEE K
ZERHANIE K, TRAE /K ERZERIN (P<0.05), HFFRFIABI, /K8 E IR I K
TRV, YIRS BE TR A RERE ELERSCRRI Y, — S 5t A VA RS A Be AR
R . Gk =K 2 R EEYIRTTIN SRR O RE ) T . TiB AL BE BENS 25 R
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KREFKPREKE (P<0.05), HALE 200 W/20 s BT, K3 10d FHEX

KB BB, N 83.70%, ¥ CK #m 7.60%, SRR 6.74 fif o 3 Ao db #1481
MIRANSIEILIR, JREPUKEES, BEMHR SRS TRF KRS8, (R AK.
3.5.2 MURALIENS & ZF EKIEH & ERIFNT
100 100
—a4d A —a4d B
7d (A) 7d (B)
= 80 1= 10d 80 | mmmm 104
- aaa aaa
% 60 + 60 -
E bb e e de cd b cd d cd c c
W 40 | ¢ Tlp ||de | [cd 40 A 2 [lea e [lde |¢ |
4
£ b d cd | Ad bc | /bed b b b b b b
20 20 A
0 0
seed CK 150 200 250 300 350 seed CK 10 20 30 40 50
(ce SIE TR I 18] / s
P 3-2 it AR P R 2 TR OK e A S BRI
Fig.3-2 Effect of microwave treatment on starch content of germinated maize
TERHEAAAEREYIRN T IORRFL A, AR AR RE O A KR AL RE R0, WnfEl 3-2

Fis, BRFFHEH 67.96 ¢/100 g FIUEks, HEEE K FREMERK (0~10d), KF
TR HUERD S AT A o B D T 2R/ (R 0, R 2 R OR R A o B S PR A
JETF . 1E 200 W/20 s FIBIRALFE T, 4. 7. 10d MR ZE R K iEk & &0 3t CK
TFE T 12.02%415.46%H1 4.50%, H. 10 d IR 5 S oK H ek & 21X 21.45 /100 g DW,
LEFh 7980 1 68.44%.

3.5.3 RUKALIEN & TF ERKIEIRPES ERIFMN

W JFREAE /N FHE BRI, B8 Sy R R o R 2 oK ol b 2 B b R 4
I TE) B SE R 2B I 0 (18] 3-3), K& 5iek & &AM R, BEUIEM £ A AS
Witk o RN 7 IR SRR . SRR S, RGF BRI RS B R R, HEEHER
WA T R I, 30 R 2 B IS T Ja BRI A 35 . 72 200 W BB Th % R Ak
H 20s J&5, 10d FIRH KK

0 JF NS B =T 6.04%,
TR 11.10 5.

N 17.73 g/100 g DW, Et CK 2
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25 25
——4d (A — 4d (B)
s 7 d vzzzzd 7 d

b a ab ab ab
5| . a i a a a
c be a a ab be
10 A
17/ v 17 v

seed CK 150 200 250 300 350 seed CK 10 20 30 40 50
BTV TN T / 5

B 3-3 T AL BEGS A 2 R oK rp il S B 5 B S

Fig.3-3 Effect of microwave treatment on reducing sugar content of germinated maize

20 { === 104 ab

I JE RSB/ (g/100g DW)

MRS
Arrr
DN
AMMIIIIINIIB

3.5.4 TURALIENS & ZF KR EEE IRV

— 4d — 4d
3 7d 34 7d
e 10d d ab e 10d
C
=
esal
Ho 2 2
ié%’ dde ded
B
o 14
0 - 0 -
seced CK 150 200 250 300 350 sced CK 10 3
(e EL (eI

P 3-4 TRipe A BEGS JA 24 T oK rp e Ay Il v 428 P S D

Fig.3-4 Effect of microwave treatment on amylase activity of germinated maize

VEN B — FhK AR ek AN AR R (M, R VEE SR S IR . E—

SE (R I 1] A CREGAR D, ook R BEVHFEIMRIL P E L, i DLUE R & SR EE T 1%,
T Ve AN R BRI SCR - BT ATEVEM BRI AL T, TER /KR /N 7 38
W, AR R AL AR BRI TR R E SRR R lE] 3-4 R, REFEK
HH A I8 ) PR BE A R R B A A TG T, B 7 A A 7K R A T 2 W R 22 2 W 46
NG TR JERE, PR RE EANE IR Bk, e BRI, B ERE S R .
TR AP i 2 4 i R K R B P, L T T B RT3 i, ik
TEPEE T fE B 7E 200 W/20 s FITS AR ER R, R ZF K 10 d TERM BRIE T (2.68
U) EE CK #2151 13.56%, &M 1.96 fi. ZATHIATFERBI, 300 W/50 s HITH0K
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HREAEI R 5 d M8 IR Ve BE PERE =1 11.62%, FEIEIER KM . & FE ik b

RGP R B T TR S, R B AR SR A R, (H R R T R
) bR TR AR AE e, Fh IR BRI 2, AN R, R B EOR
R S PEFRAR, 1T 5 B0 R 7K AR AL SR 2 = PR

K
mE

3.5.5 MURAIEN L ERAAMER S ENFEN

30 30

—4d (A) —a4d (B)
75 | 7d 25 | 7d
% == 10d === 10d
o0 () 4 aaa 20 A aaa
o
g
o 15 A 15
. - ¢ b b b be e 0 4 be b bed cd 4
i ed [[pe [[p []p [lbe [|a b [P |k (b [lb [
= c |md |mb @0 |gd | b : c |p v |BP |Bb |Bp
0 0
seed CK 150 200 250 300 350 seed CK 10 20 30 40 50
eI TR I 1] /

B 3-5 e A BEOGS  2F K AR R AR S R R

Fig.3-5 Effect of microwave treatment on soluble protein content of germinated maize

AV A R A R B E T RS R . S T e, EAT
A LME & AR 2 B IR 8, SR IR Re 77, ORT 4 A N 1) o
PISFFI AR . TR, ATV R B AR RO A SRR &, T EL AT AR R
AR, teAh, AR R AR Y R R LR I RSy, U T A AR
hgE, ks K A EER0Y, i 3-5 i, BEE R ENEIRNEK, &
FERKFHAEEEASERERMK (P<0.05), K2 10d, CK M EHEE A LR
PEAK T 79.20%. FKR R, FREWFRENEFRVBALY TR, Fook (N fE
NEAFFR MR, WERERHM T RFN RN ERL—. EX RS, &
FUTE - /N PRSP, AR ZFPRALEE R A N o3k . RE Mg R K F s
A K I BRI E U R, H TR AR I oK TGE R SRS Re E, AR
WRFEH AT IR B TS . ER AN (4~10d), s b E AR (1) vT v 1 2R (1 5
EREET CK A, RPT RGP E R~ EREEAN, Khtdiasifm, M
ER T IERAEKKRE. K5 10d 5, 200 W/20 s A B AT E R G5 2

&
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e

N2 1 R VATNS'S

5.23 mg/g, #& CK [ 1.15 fif.

3.5.6 WUKAIEN L EXKBEERER S ENFMN

A
(]

40

~ —4d i (f\) —4d (I})
= 7d . a ab . 7d & a i
§J3O_E:Jl()d 30 | == 10d J
=
'3
i 20 A 20 -
&
=
sl
I 10 A 10
o
=

0 - 0 -

seed CK 150 200 250 300 350 seed CK 10 30 40 50
T2 [w TR IS 8] /s

K 3-6 Tip AT e 28 T K R i B AR IR B R

Fig.3-6 Effect of microwave treatment on free amino acid content of germinated maize

SRR I &G EEARIE, IR AR — R IR M AT R IR R . )
PRI RS R A S v . R E KR E . W IE Y R R AR B R b
H R SR TR AT K B ST PR A ss (B 3-6). FERTRITRE, SRtk i i
VIR, U R BN K, SRIAARANEE . Hrh— 0 bl A A AR KR
FIERE, 55— E A oA E AR, 45 RERE, M e B B B R ok
[l R AR & & (P<0.05). 76200 W I ThZ Nk Ab2E 20s, HiK 7d B, KFE
K R IR S B, N 32.09 mg/100g, b CK & 19.52%, ZM1H) 4.33 1%
Wang ZEUOF SR B, 200~600 W/10~30 s [ 430I5 Ab FH 6 5 25 $2 7o 77 20 o U 3 R Dk 1
EriE. APHTRMA, I IO AL B R RE R IR A 5 FOK TP SRR R G B/ 43 R DRI R R
FIEKF, WA CRG R, (R R T A UK R AR, s Rk oF oK
ANFEEAEFEAFE, BREREHAERKKE.
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3.5.7 WURALIENS & 2F R R AERE R & ERFM

6 6
— 4d (A) = 4d (B)
5 | w2 7d 5 | wzzzd 7 d
e 10d A 10d
aaa aaa
~ 4 4
=
g b b b P b b 3 b be ¢ be be be
4 b b
=2 ¢ ¢ ¢ c
=, bolle |le |l 2 b ¢ |l |l
¢ ¢ C c C C e ¢ ¢ C
1 1
0 0
seed CK 150 200 250 300 350 seed CK 10 20 30 40 50
T T 2 /W (EeSLREN

P 3-7 flds A R i 2 T oK v i 5 R ) R

Fig.3-7 Effect of microwave treatment on fat content of germinated maize

YERTFE RS, RIESM T UH M=K (TG, triglyceride) KJJEZ
A7, TG TER W 5 ik i H I A0 25 e R, 30K V9 o 42 7 S 2 A i 9y
TRIENE, NEKEFRAREERY . RFEKRIRI &= 3-7 fis. EKEFR,
e 5 B K KIekD o 2 10 d B, CK IR 7 25 5 AR 1.67%, AHELF > T 57.29%.
WAL, Tk b FEAR B A AR 7 03 23 R SN AR, ARUAR R ZE 2 [R] AR T R
HAEZE(P=0.05).7£ 200 W/20 s I AL EE T, K 28 10 d IR & 25K, 29 0.99%,
b CK 8> T 40.72%. Karmakar 2501 R HL 7 25U 45 L, BV b AN [R] I 1) (1 2 25
T G FORA T R G IR S B A S S IR TR, AR
R E TR R B B0 2 e R R

3.6 KE/INH

AR TR A OB AL B A% A T TR AT AL B, F OB A B 2 oK rp
FUE TR IR o 25 R B, T Ab B i 0 S5 3 R R 2 K P K 4 B, 200 W20
s HITB AL B G A28 10 d ISR K& B, N 83.70%, %t CK #215 7.60%, &
T 0] 6.74 A o 38 £ PRI AL B2 BR A% 5 /8 R 2 oK SR B PRIV 1, D e b 14 20
FE200 W R Th3 R AR 20 s J, R 2 10 d 19 T KIE R B s 1 b CK 3278 1 13.56%,
FEFITH 1.96 5, e EIA I T 68.44%, L CK NI T 4.50%. & M0
AL TR BE L A 2F R OR AR JEURE S R, 200 W/20 s FIBMI AL FE R K 2F 10 d Tk s
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pa

GRS R CK32m T 6.04%, &R T 11.08 fifo K4 F KR AIEMEE A & &K
BT, A BB S i A BOK T R VE M EE B R A, (BB R 2 R
AEZE (P=0.05), JEEZRIEALE Al USRS TR I B 2 IR G &, REK

lﬁ%#

FEARRIEFME, HAE 200 W IR T BAEEE 20 s J5, 7 d B TR R
RS ERE, N 32.09mg/100g, bt CK &5 T 19.52%, =&fT1 433 5. it
R AR BE NG I o RN o TR, (EACERZE 2 IR SR E R IEARE (P=
0.05).
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£ 4EF WORAEX & F ERFIEMR S ERF

41 3|5

K, FERREMOEH 2R, HREERFEE, KRR, Bk,
I A R R T AR ThRE T S K T k. B, PE 276 RS S Mi& A
AP DUR S Dum MR FGORE R S Y, 8 R 2 o s & B ORIGn, xhh
PRI —ERBHABCRES, TN E S AR, RAIUE. TSR0,
HI AT A, R AR R KRN AEDEED . RS EEENRAY bR, H
H1 60% I B 3R o A A R IR JIEE B € 3% v 1 R A, IR 3R AT DRI O L A ROS,
DRA LIS G 52 S A B35 07- 980, B TR, I3 3R AT S 2R s B DY), YT A
B, FRBI AR AL O L R0, B HUAAAE RO, 3B n 1R RIS (R B i
INEEE . KB TR 001020, FOKOR 2 J5 T s SR B3 . K B0 Al o B B 55 2K
B hER. BHAT, k2 H T A FRER Y E REET, HIE T — & R .
A CEENSIHB TR B, 1£ 300 W/75 s ISR R, B Td S FHF TR T E
bt CK it 10.95%, &M 71 2.10 £ o {H T db B R 2 FK & S0 ) o s il
[y SCk i /DR IE

PRI, A B SR FH AN [ R0 % AR AL B R KA, B ST OB AL BN FoK K % J5 MDA
i PR IR S PUIRIMER . Mok MRS M3 ME 4R FTIR

42 MRS58 E
4.2.1 SEIEHHE

KBE 058, M H I F KA AR AR, BT -4° CUKFEBAT#EAF
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4.2.2 SLIGIRF

% 41 SR

Table 4-1 Experimental reagents

744 B A% I
TCA AR [ 25 SR A 2l A IR A 7D
TBA AR [ 25 SR A A 2l A IR A WD
VN AR [ 25 SR A A 2l AT IR A WD
iy NLige vl AR [ 25 SR A A 2l A IR A WD
KR TR AR [ 25 SR A A 2l A IR A R
EARZNIINL7y AR [ 25 SR A A 2l A IR A WD
HR AR [ 25 SR A A 2l A IR A WD
2, 6-EEEMm AR [ 25 SR A A 2l AT IR A WD
IR A AR [ 25 SR A 2l AT R A W
B-tA% & AR [ 25 SR A A 2 A IR A 7D
S AR [ 25 SR Ak 2 AT R A W)

Hopth 3= EAF A 2.2.2 F1 3.2.2,
423 SLIG{NES

® 42 LA
Table 4-2 Experimental equipment

INE = 5 I

AR E DAL CF15RN I AR A AR A R A F
Tt R R T A KS-500DE B Ll J1 SR S AR A R 7]
{85 B IH 21 AR 1A IR Prestige-21 H A B A A

Hofth 3 2 2R [F] 2.2.3 A1 3.2.3.
43 KWHE
43.1 EREFINE

T KK IS S A AL B 5 7[R 2.3.1
432 RFERERAHIE

R FKAE b i 4% 7775 0R] 3.3.1
433 MDA & 2HIME

MDA % & [l € 2% Toscano SEU1 1%, FHFATES . MBHEHRKIKMA 2 ¢
R 2FFAK 10 mL A 1) 10%TCA I, 7E VKR R IFEE 513K, B0 20 min(4°C, 10000%g)
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Ja, WO EIERARIRAEAF o 1aVE RO 2 mL #5078 2 mL 0.67%TBA ¥,
1M S5 3 7K I N4 30 min, ##1)5 850 10 min (5000xg), B EiEMIE 450, 532, 600 nm
4bH) OD fE. FHETH 2 mL 10%TCA fAE . MDA &&itH A 4-1. K 4-2
PR o

C(umol/L)=645 X (OD532—OD600)—0.56XOD450 (£ 4-D
MDA (nmol/g FW)= \(;XV (42
1*m

AHF: C—MDA K, umol/L;
V—RBUF R AR, mL;
Vi— &I AR R AR RIFE A A, mL;

m—FE R, go
43.4 RS ERINE

2% Dadachl!'VEEITF 7877, FHHTIE. 1 0.5 ¢ KFT KGN 5 mL 2
TR, IRAEWRAKBIIHY 30 min, WEHISEL (10000xg, 15 min). &K ERRE H
AN 1mL biE. 1 mL OKESR . 2 mL FR PR = HdalR A0 3 mL 2K, JRAJS7E 520 nm
AR 5E OD 1H. M IRARHE 26N y=0.0174x-0.0062, R*=0.9994.

435 REAESERINE

SR ISR TR ORI E S & & 18808 KON 0.5 g K3 EK
¥ 4mL 70% LB, AP 30 min 5 &0, BE FREAE, AIFRIGH. M 10 mL
FEMARRIAN 0.1 mL $2H0E . 1 mL #EAREYRF. 1 mL7.5%NaxCOs, FH 25+
IKFEZE . IREIGHHE 30 min J57E 765 nm AL %2 OD {H . 45 H LR & TR U &R R (mg
GAE/g), trifEHiZE A y=0.0958x+0.0017, R2=0.9994.

43.6 VC E=HINE

95 GB 5009.86-201611061lE VC & & . FREL 1.0 g KFEXM TAEM T, HE
MV E R 50 mL, RIEE L€, H DCPIP AW €M, BRI HmLt 15
s M, 7 AHAASERRERBERRE . VC FEIHHE AR 4-3 Fros.
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X=%x1oo (0 4-3)

A X—VC &&, mg/100g;

V—Ii € FE S TS #E ) DCPIP A TRAAFR, mL;

Vo— € 25 T #E Y DCPIP AR, mL;

T—DCPIP %I €, mg/ mL;

A—FEREREHL

m—FEm R, go
437 HMEZS=EHINE

MRS ERNER 2.3.7,

438 SEPE MESEHINE

AR N R RN E 25 B AR 4L E PR 7. SRt ZeoN y=0.1398x-0.0032,
R2=0.9995, Z5RLVIB-A% PR UEXR (ng/g DW).

4.3.9 FTIR BN E

B BRI R ZE SRR T, W0 5 # F . FREX 1 mg #£4 5i& & KBr
TREWE S B Ao WOE ZLAM IR R N 4000~400 e, FHEIRECH 20 Ik, &
%N 2 eml,

44 BIRGESHR

gt 5orE 2.4.
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45 RS9

4.5.1 WORALIEN % 2F £ K MDA & 2r/I5200
2.0 2.0
> 4d A) — 4d (B)
7d 5 7d a4 a
El.s,:'wd b ab 15 == 10d
o0
3 d
g ,
My 10 4
]|
Rt
b
1105 - P
=
0.0 : 4

200
T4 Th 28 /W
B 4-1 B AR R 2F oK MDA & & 121

Fig.4-1 Effect of microwave treatment on malondialdehyde content of germinated maize

MDA i & R ERE A RS R THIZCHRR G, S 451

250

20
RST8] /5

30

FIHEER LS . 1T MDA 774 1) J5 DR A SZ i i 5, K& B e R A ot
SRR R A AR B, Rk, IIE MDA 18 55k ) B )52 10 5530
FIMFELE . BEE R RBINEK, K2 F KT MDA & &E#E N, K4 10 RGE3
RKNME (B 4-1)0 XRFNERM TR FERES, MMrpBaRaegm, Ry, ROS

WAL B, 3 S IR P A RS, R AR R MDA AR R S TR
R K MDA & &, B Ok ThEe /R B3 i, MDA & & 231G B R S R N
B, 1E 200 W20 s FIRE AL EE R, 28 10 d ) MDA & &N 1.23 nmol/g FW, Lt CK
1 9.82%; MMTE 200 W/50 s I N, 5 10 d i) MDA & &34 %) 1.64 nmol/g FW, &
CK ¥ 1.46 fifo IXZKHEH, TkACHER FORFhF =& —Fhidi B e, MYERES 4
AFITF A HEKKE R ROS, ATLLEKSZ B A FE 5 237 A vl i b8 480 B 2R 7
PR ORY &, BT DA 6 B SO AL B S 1 R 2 R K R I B 1

A~ B

4.5.2 POKALIENS & 5 BRI REE & 28500

MY R AN EERy, R ZAAETEY R0, MR RAEY P& &
HERIC, EAEARPREL T2 RERR. BRI A DGR 5 1E2E |
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NG, 34 RT LR A 4 R R SR PR DR RDRE DA B B TS BR R, R R RSy

ghry, M S PO SIIIEE 1. BRIk, R PUIE M 00 56 55 Rl R 7 A
Ko WK 42 iR, RAFRREER S TKBERMEE, IFHEE RN,
IR IN & B RFEEIE 1. Choudhury ZEUOSIRRA 58 2 B, fili 02 v Jl i 175 S R Ak g
WEERARLATE IR, R 20 M 77 B A I a8 25 o 15 5 B AR DR TR ARFALE o BB TliB D%/
I TRD PRI 0T, e 2O 1 7 et S L LR SN 5 oD (i % . 7E 200 W20 s ARG b 2
T, 10d RS EHm, N 70.72 ng/g, b CKIEHN 15.48%, £ 21.68 fis.
IR, AR A B REHE K F TR PR BRI &5, DAULVE B 3 2 Rl i
R AN AR

—— 4d a sk b (A) — 4d a a (B)
70 | vz 7d § c . (4 70 1 wzzzzm 7d be be
s 10d
%‘ %5 \ 60 | === 10d " 5
b| bc 2 b
o0 e bc be b
250 - 50 1
Uﬂ\ﬁ‘[ 40 40
4

seed CK 150 200 250 300 350 seed CK 10 20 30 40 50
TR IV T e 18] / s
P 4-2 TRltipe A BR824 TR K PP i 2 R 75 R S

Fig.4-2 Effect of microwave treatment on proline content of germinated maize

4.53 WURALIBI EFERKE =l

VERMED P IR AT, TR B B AT BUa A . LR AP & Vg 1EIO). T
R GV R BB E RS 2 —, BN B2 DI T ED A
WRESI RS . AEA)Z B a R, HZURE =AM, B A A P B A R
B IR (R SRR, & BUSTARIE R 48 101, T LG 22 e B iR AR AR 142 & IR AR ) »
MR HUAHES B Re A0, 18] 4-3 /B, KRR BER S KT AR S E, H
BB R I T PR K P, B 10 d BOR 2F BOK R Ry & B AT TR R

o BEAE OB IR/ Th 2 3G I, R F FOK R a8 2 23U EFHE N, 7E 250 W I
DN N AREE 20 s, 4 d BIRSF FORH A & & s, N 4.27 mg/g, bt CK 3610 17 46.05%,

<
%
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s
H
o
>+
4
=
H_
4
=
&
H,

FE TR 1.98 .

S B /(mg/g DW)

5 5
—4d —a4d
7d 7d
4 1 = 104 41 === 10d
d d
3 1 e 31 d
(9 C
efe eec
2 2
1 1
0 0
seed CK 150 200 250 300 350 seed CK ;
(o IEIN ORI 8] / s

B 4-3 Blip AR BE  2F ORI By & B R

Fig.4-3 Effect of microwave treatment on phenolics content of germinated maize

4.5.4 WURALIERT A ZF VC 2 ERIFMN

60.0 60.0
— 4d (A) —4d B)
50.0 { zzzzzz 7 d 50.0 | gz 7 d a
on === 10d ¢ b s L b c == 10d e ¢ L ¢ d
S 40.0 40.0 -
2 30.0 - . ¢ a | abl| abl| ¢ 300 1 4 o b| 3| abl| p
18 20.0 A 20.0 A
& b all | ab
% 100 b| b| 2| a| b | p 100 1 ]| b2 ¢
1]
@l
0.5 1
0.0 /
seed CK 150 200 250 300 350 seed CK 10 20 30 40 50
(e EA T R )/ s

EN

K 4-4 T AREER R 2F R oK VC & & 152N

Fig.4-4 Effect of microwave treatment on Vitamin C content of germinated maize
I 4-4 ok SFRE S P TORM 7 1 VC & B, BRI TR K,
VC FREHIE. KAFME, 25 VC &N ISRSE R RS, ik X

T VC S EFFEIEIN. CABRRIMNY, KREARE KA VC 82 ETHES,

HRZFM 3~5d W) VC S REIG IR HR . BB A B RENS 2 52 M A 2F 5K VC &

=
==X

(P<0.05), H7E200W/30s [IAFE T, 10d IR ZFET KM VC &, N 46.04

mg/100 g, Lt CK ¥900 15.52%, F&FF11) 103.23 fi5. BFHFZEIPIR e RE, St
915 MHz/30 s A A B 5, 5d SR 29 VC S8 ATIA 200 pg/g, X8 I AL 2
& FIRE NS B = Pl W RS IR BT B BTV
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4.5.5 WORALIEST & F EAX AR ERSENFMN

800 800
. % e
lez s 2% (B)
=600 4 ] i 600 IR .
] d ] d
A 500 , 500
e 7 1 7 v
30 400 - 400
3 E ]
~ A P2 7z /
g 80 80 ] 7
41 60 60 7
g 40 40 i
ﬂ'ﬂ{ 20 e g~ 20 e —
= 4 4
3 3
2 2
1 — = = = = = 1 — = = = = =
0 M T T T T T T T 0 M T T T T T T T
sced CK 150 200 250 300 350 seed CK 10 20 30 40 50
TR Tha /W TR I T /s
1400 1400 S
S U
1200 I:’ KPR 1200 + :| Hki
1000 4 [ 4 1000 {18 c a b
E 800 e 800 - % 72 V) 72
20600 7 600 7o
= 400 7 400 f
o8 80 80 7
LT 6o 7 60 Z 1
% io v 40 3 7 2
# £ 20 4
20 = f
_E = 44 T
! iﬁ ¥ ﬂ
2
1 I L | . 1 = = = = =
0 T T T T T T T T T T T 0 T T T T T T T T T T T
seed CK 150 200 250 300 350 seed CK 10 20 30 40 50
i /W T ] /s
(B)| 0 7% (F)
1200 4 ¥k
- 3
a b 1000 JEIE be
72 77 ¢ E 9 Y T
U T 77| s /%7 7
A v o v | /7 7
2 U V) VA a0 7 %
A A v vl UL A U 2,
N v vl VAT 809 A Vo .
l 20 d L
4
3
2 2
1 | = = = - 1 = = et b= =
O T T T T T T T T T 0 T T T T T T T T T T T T
sced CK 150 200 250 300 350 sced CK 10 20 30 40 50
s Eh /W s I )/

FE: AFIB: K¥4d; CHID: K#¥7d; EMF: K¥ 10d; A\ CHIE: k% 200W;: B, D
ANF: ST TE) 20 s
P 4-5 TRlipe A B R 24 T DK AN TR B A2 PH 4 3K 25 8 ) R
Note: A and B: germination for 4 d; C and D: germination for 7 d; E and F: germinated for 10 d; A. C and
E: Microwave power 200 W; B. D and F: Microwave time 20 s

Fig.4-5 Effect of microwave treatment on lutein content in different parts of germinated maize
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M 4-5 TR, FOKRh 7R B s R S 2 ACE 3.69 ng/g, HIACFIAE (4~10 D),
KRB BB A I [R) S R R (P<0.05), b F B I B R S R e,
FPRLIR 2, AR /D o CK 2H 41710 d 1 K ZF v vh vk 38 3 5 843 Sl 441.47.726.51
822.25 ng/g. EARLLESIRF MU T KA R s RS mER BE, M
iR e ATk 35.08 pug/g. [T IR FR R K (xanthophylD), ELFE I ER
(lutein) T KIEJH (zeaxanthin) HIPYJiE £ K3 (mesozeaxanthin) 45, J H B/
RE FLAR A I DL — 5 1 Le il S A7 (14,

TS 2 A i Bl 28 5 R R R, o J 2 Rl A Ak S B ) G B
Lb4n PSY. e—LCY #B—OHase 55, X KEGAE i R VIEEARMC, (HEEE I AR,
evg e HOA B m, MRS R, 55 KW PR mnEsL LoHE T %
AR N . TR A PR 8 25 $R R ORI B R S (P<<0.05), 1E 200 W/20
s IALEET, 10 d BRI KRR ZE & &0 08 0.73. 43.02 11 917.06 pg/g, H
FFRLAN 250 12 B ) L CKOZHAR 5 T 6.14%F0 11.53%, HREFEL CK 2L FRMK 1 12.46%.
TP e A R R B i R oK R 3 R A OB IR, IR SR A R, L ER)
T AL HE 2 BRI R 2F TR AP I B 3 & ORI VS 1, R RS, MR A
il 2N

4.5.6 WURALIENT A FEARLPE NRESENFIN

250 250
. — 4d (A) — 4d (B)
= 7d 7d
_ ] a

A 200 1 — 194 2 at o 200 o poal  be
00 b abm , Cx bed aP == e bz % ek de
) d abzi | ¢ d: a ab c cd
~ 150 - ag | <d bcd; 150 A c abg | be
L
Rt
4 100 100 1
£
g:j 50 A 50 A
10 eec 10 def

0 - 0 -

seed CK 150 200 250 300 350 seed CK 10 20 30 40 50
TR L= W TR ] /s

K 4-6 Tlp AL RN R 28 ROKSRBEE 3R S AR

Fig.4-6 Effect of microwave treatment on carotenoids content of germinated maize

TR AL BN A 28 ToKIEAE b ARG BRI 4-6 s, 53 ERS RN
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THOUAEAL, A MRS BRSNS N, H 4~7 d MIEMER T 7~10 d (34
Ing. 10d i, CKAHKZF T AKMEAY bR T EILD 162.04 ng/g, ZM 11 20.62
%o WAL PR RE B IR m A KRS PR & &, HAT 200 W/20 s G AL
Ja, 4 7+ 10d FIZEEHE MRS EN AN 156.66. 17593, 184.99 pg/g, 437tk CK #

=T 22.30% 16.57%- 14.16%.

4.5.7 UBALIEST & ZF EK FTIR B9S2

100

Seed
90— CK/4d

——CK/7d
804——CK/nod ! ! Lo !
200W205/4d | | 1400 1000
70 4 200W205/7d ; P !

——200W20s/10d |

0 |’ - T : T : T : T : ; T
4000 3500 3000 2500 2000 1500 1000 500

H/em!

P 4-7 Gl AL B R 2F T oK ZL A G 1 R

Fig.4-7 Effect of microwave treatment on infrared spectrum of germinated maize

B 4-7 9 ERFPF R EEA R REIAAEE R, BRARE S, AT
HEETIP T, AR SRR AE A R RSO BE A BT AR A . BB B R R B 1S, 3445 em!
B3 R s AR B T FLTE, A2 LR —OH I 4EIRBNE S, X5 KRR
WK AR, BEERETR, A TR EARA S 2930 em ! ALK R T —CH B 145
P&h: 2370 em! fT I R—C=C—XU A IRBIIE: 1635 cm™ A BRI N FEHE 2 I
H1 C=C PIHZEHRANE: 1400 cm! PRI ISR 7 —CHs (FREL) THT AR T HRE)
1000 cm! ST (i I8 —CH=CH— (Jfif) 45 iR, XKW1 & H
ZISAURER AU, 5K 4-8 LR M IAE MR, L ERIRIE S e A1
ZERRRF AT 16, H 200 W IR ALEE 20 s JG, 4+ 7. 10 d BIRZERRAAMERE )
MR ST UG 3573 T CKC 2R T oKM 7, 130 B R 20 0 B (R i b 3 2 e 38 4 v oK 28
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.

HE NRIE

b

A N e e e e Y S

B-BE

OH
A e T e e e e N N
HO

K

OH
) T e e 0 T =~
HO'
ERRK

P N P P S T T

B

K 4-8 FERWE MR T4

Fig.4-8 The molecular structure of major carotenoids

4.6 KENE

AR B 32 R AN ] G A B 2% A 0] T oK EAT AL B, T FE AR AL BN R 2 oK MDA
FEEVER R, T LA AR e R A I AR S R 25 SRR,
WAL PR R E R = R S ORI MDA & &, 3 K 5F FORIMEEAR N & R B 1%
YR T B R S e r AR i B B, ELTE 200 W20 s IO AR R, 25 10d (1)
MDA & &N 1.23 nmol/g FW, b CK 5 9.82%. 3 & A A FE RE A 31 iy e 2F oK
N &E AR VST, $m & RE R I B B . 7 200 W/20 s TSR ALEE TR, 10
d MIME R & Bim, N 7072 ng/g, b CK 900 15.48%, 2R 21.68 ff5. 7 250
W D3R N AL EE 20s, 4d FIRKHF KPS & 8K, N 427 mg/g, HCKIHE
MY 46.05%, RFTHI 1.98 ff. 76 200 W/30s FIALFE TR, 10d A EKK VC &
ERE, N 46.04mg/100 g, b CK 0N 15.52%, &R 103.23 ff5. Mk abFERE 5
FREAFETRMEAE PREE, HEid 200 W20 s IR SE, 4. 7. 10d 1
KA NS RN 156.66.175.93.184.99 ug/g, 43 M CK 325 T 22.30%+16.57%
14.16%. 1E 200 W/20 s I AL T, 10 d (R ZF TR IR EE . KRR 2 1 i - 2%
TR 073, 43.02 F1917.06 pg/g, HHOFFRATZE M B & 2= 05tk CK Higm
6.14%F1 11.53%, HREBLL CK 4IFEMK T 12.46%. ZLAMEIE MR e, kb FEfe it &
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REE AL N ZRFEE RIRCGR S, R ZF AR A B e S e TR H 2R E K

RINEE,
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£ 58 MUK LT E KA LR IR

5.1 5|5

B R AR AT A SRR 1R 7, R AR IER, SR RE ST
SHAL P AL TR T, R B A S5 A RN T BT e H T IR 855 Yo R AN e (1 2R 3% 7
X N4l B E BN B 51 EIER RS, RS AEREN . B 5
R, AR 78 BRI A R A R B R, K B A DR R
FEWIE O, FEYIR N & 2 FhiERR ROS A1 E LS, ki SOD. POD #1 CAT
RN, WRAER, ORI IS BB B MR ORI R 02 AT BRI T O 4
TIE BRI R 8 2 25 3 i A R 7R B B RE T R BT A AR 10T SR, Aip Ab FERT
R K EH H RS B RE ) AT A B EVE BRI ST AT IR TR

PRI, AR5 SR P AN [R] B AR 2% AR A B KT, R 90 e AL BE 0T oK 2 i (Rt
4Ll (SOD. POD. CAT) &1 4% fkae /) (DPPH F1 ABTS (¥ H HHEIE R AE T
FRAP) [H54NA, NTFR R 2 FRIEPUEATISL AL A .

52 MREIRE

5.2.1 SLIgaR
FREL 958, W EH [ FE KA AR AE, BT-4° CIKFEHATHAT,

5.2.2 S2RiRF

2R 5-1 SEIGFT)

Table 5-1 Experimental reagents

A4 R FA I
Trolox AR [ 265 4 A 2457 R A A
ABTS 5 AR ] 25 G A 25 R A BR A )
DPPH 7 AR I 24 45 A1 250 A PR )
2, 5, 6-=mfmEkk = AR ] 25 G A 25 R A BR A )
B R AR ] 25 G A 25 R BR A )
TeK L AR ] 25 G A 25 R BR A )

EATS AR [ 25 5L A1 Ak 2 AT R A 7
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R EF 6000 AR [ 255 B A G A R A 7
R OIS e AR [ 255 B A G A R A 7
itz 38 X-100 AR [ 255 B A G A R A 7
asel N AR [ 255 B A G A R A 7
N7 AR [ 255 B A G A R A 7
TR — S AR [ 255 B A G A R A 7
TR S AN AR [ 255 B A G A R A 7
1, 5-ZHRInHE AR [ 255 B A G A R A 7
L-F it 2R AR [ 255 B A G A R A 7
R DY AR [ 255 B A G A R A 7
L 2R AN AR [ 255 B A G A R A 7
S AR [ 25 5 b =2 G A BR A 7

HAoth FERFAE 2.2.2. 3.2.2 F14.2.2,
5.2.3 SEIG{NEE

*R5-2 SEIGANAS

Table 5-2 Experimental equipment

3844 TR = %
PR E O CF15RN TN i R A R A PR A F
eVl UV-5800 AT E IR A A

Hofth 3 BAXAR [ 2.2.3. 3.2.3 F14.2.3,
53 LA
53.1 EAREZFHE

AR I AR AL BT VR ] 2.3.1
532 RFERERIHIE

R T KK R £ 72 [R] 3.3.1,
5.3.3 DPPH BHHEEREENBINIE

2% Bian!'"?2155 1) 777501 5 DPPH H B 255 BR 8 71, nifE #2654 y=0.0749x+1.2112,
R2=0.9989. 455 LLTg o K 2F FoK M B & Trolox 4 & (pmol TE/g) KR

5.3.4 ABTS BHEEEBRREENRGNE

27 Wang!'2V5& (1) 7150 2 ABTS H G BRAE 7T, bt i 289 y=0.1278x+6.8593,
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R?=0.9981. 4R LARE T & 28 oKW & Trolox 2% (pmol TE/g) KiK.
5.3.5 FRAP RONE

275 Wang!'"215& 177750 5 FRAP, FrifEfhZe4 y=0.0013x+0.0325, R?=0.9961.
SR DV 5 R 5 KM AT Trolox 245 (umol TE/g) FIR.

5.3.6 SOD MM E

ZEW AR PER T, RTINS R EK (BERE) I TRV R BERR 22 R,
WFBE 5] 3% J5 B0 30 min (4°C, 12000xg), EiBMRIRARES .

BEAR S NP BR: #4238 5-3 UTIMANIRF), —(FAERCAE, 5H—HAEaEM
I 5E B AE H J6AT N R 15 min J5 2610 R

LB AL PR A A A B, 7E 560 nm ALINE OD fE. SOD KNIt #Ar (U)
SE SONEETERE AR B8] 50%0 NBT YR 5, AR 5-1 Frw.

SOD {1 (U)=—2ctsrVo (3 5-1)

0.5xAcxVgxtxm
X Ac—HER OD 1H;
As—illEE ) OD 1H;:
Vo—FE i BB AR, mL;
Vs— il 5E I IR St AR AR, mLs
t— S N [E], min.
m—FE i, g.

R 5-3 MSE SOD R #4855 FINA &
Table 5-3 The amount of each reagent added for measuring SOD activity

W () & (mL) SR (Hefarh)

50 mmol/L PR 2% MK 1.7

130 mmol/L MET & 0.3 13 mmol/L

750 umol/L NBT AW 0.3 75 pmol/L

100 pmol/L EDTA-Nay {& 1k 0.3 10 pmol/L

20 pmol/L 1% B8 VAR 0.3 2 umol/L

L5871 0.1 T HE DGR
SRR 3.0
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5.3.7 POD EMEMIE

2% Al-Madhagil'">V 51777, FFEATIE . MIARZFEK (BERE) TN TIA B
FREEMI, WIFEE 2138 5 B0 30 min (4°C, 12000xg), i RIRARAT &

AR S BB B AR AARE N 3 mL @ AIAREY AR, 200 uL 1] HoO, 5 AN
100 uL (B, FE51J57E 470 nm 4005 OD fH, &R 1 min sk — X EdE, 20l

POD [E AL (UD 58 SCARESERE M AR5 80 OD B340 1, tHE AR 5-2
PR

POD i 1k (U)=222410Vo (3 5-2)

AGVgxm
H{H: AODaro— R NIE AR OD fH AR A AH ;
Vo— S BB AARR, mL;
Vs— 5 I PR SRR, mLs
At—Pg AR SR 8], min.
m—FEAEEE, g

5.3.8 CAT EMMNIE

22 Wang! 251757, FHEATIBE. MIRZEERK (BERE) I TIA HIBEIR 22 v
W, WFEESIH GBSO 30 min (4°C, 12000%xg), _EiEIRIRMRAFEH .

B S N5 B e IR AR N 2.9 mL ) HoOo VRN 100 uL FIBHE, #2251 )5
7F 240 nm Kbl OD {H, K 30 s idsg—kEdE, £l 6 .

CAT HIiEPERAL (U) & OB ORE S A8 OD G0 0.01, 5 At 5-3
Fi7s .

CAT ‘E'ﬁ(Uk% (3 5-3)

e AODoao— R MNVR G OD EAR 1L (H ;
Vo SEBGRAAA, mL;
Vs— I 5E I (R S B A AR, mLs
At—PHE e S B E], min
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m—AEEEE, g
5.4 BRGSO
BHEg 50 E 2.4,

5.5 ERE 7R

5.5.1 HUBATENT & S E K DPPH HHEE A DI

25 25
) —4d i (A) — 4d . 4 (B)
=) vz T d b b be vz 7 d b c
—~ 20 A c 20 A
S = 10d =3 10d
g d a d ab a d
=
= b 72 : b | 2| b
) ’ I b / b
15 A Z % 7 iy ] 15 4 7 % [| u
: o Ol 71 7 N BN N
& dl a1 g | o 0 d| | | | | b
Sy | 2 7 ’ 2 ’ . 7 7 7 7 7
#r 10 - al | adlan)| | 10 - dl ol Al | |
Hr v 7 / / ’ o 2 / o o / o
@ I EEEEY
‘ = i a o 7| ™ = 7 7 o 7 7
= o ’ / / / / / / / o / o
2l 91 gl |72 1] 2o gl 1l |91 |7
m 5 dde é o 7 2 7 % S5 dee |7 % % 7 7 %
2 2 7 / 2 7 o / 7 o / o
= 7 / 2 o / / o % o 2 7 o / o
&= /8l L . /N R N N
& %l a0l al o 2Vl ol ol 1agl 1g] |7
= Ll i L ]

seed CK 150 200 250 300 350
ice S EIL

seed CK 10 20 30 40 50
Tl I 1) /

Bl 5-1 Tl Ab BT 2 oKk DPPH H HI &5 R Be /1 mm

Fig.5-1 Effect of microwave treatment on DPPH free radical scavenging ability of germinated maize

H ] 5-1 AT 51, BoKFRFiERR DPPH B HZERIGE /1N 3.54 umol TE/g, K 2F B AKXS
DPPH [ 5 175 B A8 7 B & 28 B ) (I Kz it v, H E g i AR 2 . sk oh
200 W NALPH 20 s f5,10 d Bk % KI5 R DPPH H HZEHIfE /I8 K, 4 21.62 pmol
TE/g, bt CK 21 28.81%, &R T 6.11 £, MLt 200 W/50 s (43, 10d &

oF EAKIEFR DPPH H HiZLH)RE D H 28T CK. 2T ST MRl AU 45 2R,

7E 300 W BB IR FALHE 50s, 57 R 5 d )R A X DPPH H H 3175
BEIRE ST CK A, MAE 110s J5, #FFAK 3 d 5B E A5/ DPPH H H%&&

[RIRE T AT CK 4.

- 47 -



8 W YN R R TAT.S'S

5.5.2 WURALIEXT & ZF EK ABTS BEEEMREE SIRIF2 N

200 200

—4d (A) —4d (B)
vz 7 d vz 7 d
150 | === 10d 150 4 === 10d
bab
ab.

100 - 100 -+

50 +

W
(=]
L

ABTS [ FH 237 B i€ 77 (mol TE/g)

10

seed CK 150 200 250 300 350
T I 18k B /

Bl 5-2 Bl b B K 2 ROk ABTS H HI SIS BR e 110500

Fig.5-1 Effect of microwave treatment on ABTS free radical scavenging ability of germinated maize

HE 5-2 ATH1, BKMTIER ABTS HHZEMIEE /1N 26.13 pmol TE/g, K% £k
XF ABTS H HIEERR AE 77 B & 27 I R 2 0 ETHI &%, (BAE 150 W AT 200 W)
AL EE TR, 10 d (R ZE B KT ABTS H HIEIERRAE S 2GR R P . Tk b B RE B3
Pem R B KERR ABTS HHEMAE ), HAAHA L FMIERENERIHFARE (
=0.05). WP IE 200 W T 20s J5, 7d HIRZEEKTERR ABTS HHERIRE S
K, N 129.75 umol TE/g, H CK 5 T 37.67%, M THI 4.97 5. /it R 26
Pem FOKIERR ABTS H HELMIRE /T, 456 1 2 IR i Adb B B A Y 38 2 v R 2F RoKo0)

ABTS H 25 FRBE

~

il

5.5.3 UK ALIRIT A& ZF E K FRAP BYFZN

TR T B RE JFE A 3.12 umol TE/g (B 5-3). Mk L, REEE KK SIEJR
JIBEAE KIS TR A B SG E TS T BRI &S, BAE 300 W AT 350 W/20 s 1 40 s
F150 8200 W IJALER R, R 2F K RIE R ) EZEE . Z20d 200 W/20 s (1% Ak
HJG, 7 d R 5B KEIEE 1185 RE, 4 18.12 umol TE/g, Lk CK #2151 58.57%,
TP 5.80 fiF. Zr BRI, i RO T AR O K AR I 1] 2 T BUR 5 oK IR
W JFE e — Y B N BEAS, (BEUE B m T CK, UiTEAR R B N, R
TR EGE T3 BT, AR FE IR ipt b 38 B 08 i KRR E IR i v R 2 oK I Rl
J577.
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Fig.5-3 Effect of microwave treatment on ferric reducing ability of germinated maize
5.5.4 HUKALIERT SOD J&EMERIFZME
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Fig.5-4 Effect of microwave treatment on the activity of superoxide dismutase of germinated maize

SOD &/ 2 43 AT T H A N I A B2, A 280548 ROS RHUARIHE . HIE
5-4 "JAN, ARKEFIRE, FOKMTH) SOD iGN 47.69 U. FEE K ZFINRIMIEK, KZF
FK SOD FEMEEHIY 3, HEF & T £ 200 W/20 s IR AT, 10d 1
KT A SOD itk F) f58%, Hv480.76 U, Lt CK #2751 8.46%, ZF1# 10.08
Fo £ 350 W HIGHB ) N AL 20 s J5, K AFEK 4. 7. 10 d # SOD iR T CK
2H, SRR, RO AL B 2 KRR R 2F FoK 1) SOD ik, 3 B2 (1 i b 38 A
BE 2 42 = K 2F FOK Y SOD i

]
A\
]
AN
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5.5.5 URALIEST POD &I M0

POD ¥k A —Fp E Z I AL 5, S 5MWISTANiEdRE, % NO.
VIFUE R, BRI R, B LS A 415, k4t POD
S5 MEERITE S AR FIRE (5 546 ST, R IERK. KE .
R . RPWEINANERE T, POD MITETEAK R A2 . MIE 55 Wk, &
KFhF 1) POD &4 55.93 U, K2 oK POD F i 14 il 25 I 1) FR) A 1< 52 30 328
BRI, £ 200 W IR ThR FALHE 20 s J&, 10 d (RR % T2k b POD i ik 31 5
BT 56.27%, AT 2.56 5. AR, 1R A
W2 PR FOKW POD WG PEAE — & JE N IS, (B AEME 2@ T CK 4, 1E#
A FEHOR AL B AT T, K KK POD WIS A i o, (HEFRIE & 1B A 38 2% 1
RE NS B R FE BB 18 K 2F oK B89 POD i

H,0, Fl 0255

=, N 14324 U, b CKEE

160

=
[
(=]

o]
=]
L

— 4d a
rzzzd 7 d
| E=m 10d

(A)

160

120

80 +

—a4d
wzzzz 7 d
= 10d

APV 1 /U

N
(=]
.

40 A

seed CK

150 200 250
T = W

300 350

10
T I D/
K 5-5 T A BEXS A 2F KoK POD 35 M H 52

Fig.5-5 Effect of microwave treatment on the activity of peroxidase of germinated maize

20 30

5.5.6 UKALTE CAT SEMAIENN

CAT ZHEYH 2 515k B AR EE W2 —02, SRR YA AR 211 H0,
SRR 53T 5, AR HaOo SIS B A T o KBTI CAT W& AL
3415 U, (HBEE K EFIRIITRER:, K TR CAT it S0k BTG FREf#
#, 10 d R ZFEKF CAT WGPELL 4 d B FT R, EA iz & T Fh1o CAT v
75 200 W/20 s A A0 R, 7 d R ZFE Rk CAT 3P, v 1109.06 U, [ CK
PR T 20.87%, AFNT I 32.47 f5. BT R, I w0 2R S K B R I ] 22
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PRUR TR CAT % PEAE — 5 VU Bl N PR, ETEVEDSLE CKR 4L, 1 IR AN R s
AEFREEAE R R BOKIN) CAT W& PEIAT Frilom, (EIE R 1 A Ak B RE S foe KORE JEE I 62
R 2 ORI CAT % .

1400 1400
— 4d (A) — 4d (B)
1560 7d 1200 7d i
2 w10 d ab =3 10d
# b p
sz 1000 - é 1000 - 4 ¢
& a 27 b b
i a a

SRR 4

d
bc ab
800 A % 800 A %
600 600
eed

om0 M
0 - 0 -
seed CK 150 200 250 300 350 seed CK 3

Tk T2 W M&ﬁ@m

K 5-6 il AbE N A 2R K A CAT S5 T 520

Fig.5-6 Effect of microwave treatment on the activity of catalase of germinated maize
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5.6 RE /L

AR K FHAS [ R0 2% AR AR B R K AR 1, I TR A B0 R KR 2 I i R 7
DPPH #1 ABTS H HAiEFRAE /LA SOD. POD 1 CAT Z5hi AL BEE M52 . T
FUAE KM, R RENS 2 I m K M PUEA e T FBT A B T 1 o 16 E 1 Rl Ak 2
R K 2 oKX DPPH H H (7B BRAE T, AEKCI [) R o A 380 0] 2 PG R 2F oK
i DPPH H B2 HIRE D), i Th2 200 W FARFE 20 s J5, 10 d FIK % £ oKiG B DPPH
H LIRS iR, N 21.62 pmol TE/g, b CK #2751 28.81%, =R 11 6.11 f%.

[l A A6 A RESR v 28 B KT ABTS H HIJE B R BE /1, H 200 W/20 s 7%
WAL PREELE 7 d B EF BOKTERR ABTS H HAERIBE /18K (129.75 umol TE/g), # CK
P 37.67%, RFNT1 4.97 £5 . i s T 2 B K IRk i TR] 2 3 BUR 2 oK
(R SR J5 e — e YO R A BRAIS, (BB B T CK 4, 78 200 W IR0 D 3 T Ab 3
20s, 10 d BIRZF BKEIELE )ik 25, 2 18.12 pmol TE/g, bt CK #2751 58.57%,
s P11 5.80 fif.

Ao B AR A B 2 KR B R 2 oK I SOD i M, 385 B (A kst Adb B84 i 50 35 i v
KEFEAKH) SOD fEME, 1E 200 W/20 s FIGIEALFE T, 10 d HIA % FoKH SOD & tkik

UJJP
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5k (480.76 U), [ CK #2/m T 8.46%, J&FT1) 10.08 fi5. AR A AT,
R F K POD Jil M 176 BT i, (HEBEIE & 1A A 31 5% 1 RE0% B KRR TE 3R R
ZF R KM POD WM, £ 200 W BT Th# N ALEE 205, 10 d YR % £ oK POD ik
BRI, N 143.24 U, ECKARE T 56.27%, R T 2.56 1. N[E I db )
REHE 1 R 2F FOKIF CAT 361, 200 W/20 s BB AL ERAE 7 d 1K 2F oK CAT & PEik
B (1109.06 U), L CK $iEfE 1 20.87%, 211 32.47 fi%.
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6.1 &ip

AR F AN RV 2% AR B KA T, SRNIFAT T e A B 5 K7 o
SERG S ARV R ST AR KA O DA BOR B ORI R BEE IR I RO AL L e
IS E . EEF RS R T :

(1) 5 EAKD ZD By R & B 5 E m T MMM (P<0.05), HFEHE K 4
BRI, MR w20 EAE TRIES, RIFEH 10d SR, 4 15.67
mg/100 g. & 5 (1B A 31 e Sk 35 B v K IR R ARF 1%, £E 200 W/20 s [RITIORAL BT,
FKFIFHIOR ZES . KRR, REFRERN AGT 5572 88.67%- 99.33%- 36.39 Al 1.83
d, 3B R AR A B 2 AR ORI e SR FE R, Ay MR I b B R TE R R N Th
AN [EJSE FE P BEA B EFD T 2F o T8 R AR ARiiple AL PR w8 SRR A K U5 1 2F KA AT
SYEEEE, 7E 200 W/20 s T ACEE A 10 d ZF KA EI T 18.63 cm, A& EEE K
1.79 go 7E 200 W D& Rl Ab 2 20 s J5, 7 d AR FOKIFCER F 5 &, tE CK
PEE T 41.50%, EFHT0 3.65 f5. SEM & 4 Hr 2 AR A B 2 N0 R OK SR AT [ 4
ghkly, AT IRRL R R AR AR SRR A ST AR B R, SRR T T AR IR,
VEMPRLZ 8] P> AR RE A LG, HLE A 0 D 3 IR B RN I [B) (e, B 1 AR i A
06 DR TR PR it 5 i K o

(2) Tl A FERE S 4 R F KK & &, 200 W/20 s TSR AL /5 K 2F
10 d IR KK S Efm, N 83.70%, 5 CK #2&1 7.60%. & Mk AL 31 A 12 2%
P R FOK e KR, 7E 200 W BRI Th 2 R A0 20 s J5, K% 10d EK
R B VR E JEURE & B0 0N 2.68 U AT 17.73 ¢/100 g, 43 HE CK 3275 T 13.56%A1
6.04%, 10 d IR 2K FEN & &N 21.45 g/100 g, ELF T8> T 68.44%. EJE
FR AR A B RT DA v A 2 oK rp i B A R R 1 B, HLAE 200 W B D 3 T e AL 2 20
s Ji» 7 d R FOK I B AR & =B, N 32.09 mg/100g, b CK 2 1 19.52%.
TR AL B e 2 A R ORI E R A B &, MR A RN T, (H
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AP Z R AT AE R E B AR T S R E R IFARE (P=0.05).

(3) kAR AL B E IR A S T oKk MDA & &, f#5R 2F SRKREEARN &
FROK B 5 PR S B R e e = AR i s ) R R, HLTE 200 W/20 s IR AR T,
%5 10 d i) MDA & & &% (1.23 nmol/g FW), H CK 5 9.82%. & & MW A 3 A %

eI

S

=

BR & B, N 7072 ug/g, Hb CK 80 15.48%. 1M 250 W/20 s ik Ab B 5 K % 4 d
(B K BBy & RIA B, N 4.27 mg/g, b CK¥INT 46.05%. fE 200 W/30 s [
WP, 10d FIRZE BRI VC & &, N 46.04 mg/100 g, Lt CK 300 15.52%,
FEMT ) 103.23 £ BALPERE B S A SOKBIRIE MRS E, £ 200 W20 s
TR AR EE T, 10 d B ZF KRS MRS 2RSS (184.99 ng/g), W CK M T
14.16%. i ab PR A8 2 35 52 1 A58 TR RIFAL I 3R & &, 7R 200 W/20 s BT
REFETR, 10 d (5 258 K IPFPRLAT 25 1 (5 B2 51 43.02 1 917.06 pg/g, 73 5HIEL CK
AR T 6.14%M 11.53%, (ERFHIH RS ELL CK AR T 12.46%. 20561 7>
P, GORALERBE S A A oK S D RRR AR ARSI, R R R A
BALER Y R i K R MRS &

(4) 38 P58 1B Ak T R fp K PR RSE (R4 o8 R 2 K IR AU B AT S AL B 12
AE e T 2w I 1] PR i upl Ak 380 U < IR HE L SR A e 0 AT e AL B 1 o T D
200 W RNALHE 20 s Ji5, 10 d {I & 2 K KI5 DPPH H 3£ H g /18 K (21.62 pmol TE/g),
bt CK #2511 28.81%. AT AbBE 26 AF 5 R B i I 2F FoK 1 ABTS H HHEE Brie /)
IR JE 77, H 200 W/20 s (AR EELE 7 d (R 2 BoKTER: ABTS H HHEE1I6E T
i5# 129.75 umol TE/g, tt CK #2751 37.67%; 10 d (1K 5 F KB 5 ik Bl E, N

ok

18.12 pmol TE/g, tt CK #75 58.57%.200 W/20 s Sy AbFE 5, & 2F 10 d f 5K SOD
1 POD JEMEI AR, 2515 480.76 U 1 143.24 U, Akt CK 325 T 8.46% 1

56.27%; 7d WK% Tk CAT 3G TEIAS] 1109.06 U, H CK 25T 20.87%.
6.2 RE

AR TE T B AL B TOKFh 7B A E . B EE IR« IR TR APLAa i
REATMISM, (ERCEEAS B, BN BUR LA T TR AT I
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(1) AT T AR B b 38 5 A 0] 5 28 TR S S 3R B s e, 5 48
JSEASE FH e S5O iR LR SR S R AR AT HER I €

(2) WHFL TR KB RIE PR R EBNEIERN, G ERE
AR B A EE (PSY. e—LCY MIB—OHase 25) MIZSAL RS AT IR A 7T

(3) Pitth 7 A [F) OB AL BN R 2 TR AR AT AG BE 77, S SR RO AR L g
TIATIR N TT o
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