R EmiB Modern Food Science and Technology 2019, Vol.35, No.4

FRIRE NaCl AbERR & E A
AT NEEENT

IR, [, =XES, 8B, NER®, HIig’
(L KA R FMHRFERR, BRIISRIE 150040)
(2. ST B RWAZF IR R = o THFRFT, STids 210014)
. AL AR TERE NaCl & Zx+ L F 2 AT EP T MR E. AN B RER T 2 R £ X 360%
), ERAY, NaCl AT, &3 3d BRI F RAF KREE T, “FRGRAREM . [ NaClIRE &, K 3F R8P
RWF N EABRLSRIRB T R AR AR L EAE T, 300 mmol/L NaCl 432 T35 5| kql, HPrtEifmEkEme
R AR 119 F= 130 42, FIBT, EARRAMEEE, T RIDIEE LB ERAMEES BF3 0, NaCl JRE KT 300 mmo/L
BY, XAEBEI AR RIA BT, £RF PR REITH. NaCl LB TREENAY FEFSRMRENE LE T, Lt gE,
ERERFERT AT L ATERBABAHIRE. ARERHEANEE ERENT N ETTQ T, JEATK 2ARATHMR
HE T R TR B IR B A K 23R,
EHER: NaClMhit; RPF ME; BRI A, XRAAR
XEBES: 1673-9078(2019)04-61-69 DOI: 10.13982/j. mfst.1673-9078.2019.4.010

Effects of Different Concentrations of NaCl Treatment on Carotenoid

Enrichment in Germinated Corn

WANG Yu-xi*, HE Wei-wei’, LI Da-jing?, BAO Yi-hong', LIU Chun-quan? SONG Jiang-feng?
(1.College of Forestry, Northeast Forestry University, Harbin 150040, China)
(2.Institute of Agro-product Processing, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: In the present study, the effects of different concentrations of NaCl on the carotenoid content, antioxidant capacity and relative
expression levels of key enzyme genes in germinated corn kernels were investigated. The results showed that NaCl stress significantly reduced
the germination rate and sprout length of corn kernels and increased the respiratory intensity after 3 days of germination. With the increasing
concentration of NaCl, the carotenoid content and the expression levels of key enzyme genes in the germinated corn kernels increased first, then
decreased. The lutein and zeaxanthin contents reached maximum values in 300 mmol/L of NaCl treatment, which were 1.19 and 1.30 times of
the control, respectively. Meanwhile, NaCl stress led to a significant increase in SOD, POD activities and total antioxidant capacity. However,
the expression levels of key enzyme genes decreased and the synthesis of carotenoids were inhibited when NaCl concentration is greater than
300 mmol/L. The results suggest that NaCl treatment could increase the expression levels of related genes in germinated corn kernels and
promote the enrichment of carotenoids such as lutein and zeaxanthin. Moreover, the antioxidant capacity also increased. The present study
provides new methods for enriching carotenoids in yellow corn kernels, and provides theoretical basis and technical support for the development
of health functional foods with germinated corn kernels.
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R TEYIR N REAE N 2GS A T
Vg LA ) LR R\ SR LR G K
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mL IF T CEE-ER-H 2 (10:6:7:7, V/V) IREZEL
Wi BE 3~4h /)5, IO 2 mL 40% KOH-H EEVE R
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performance liquid chromatography, HPLC)i%, HPLC
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TRATETCT 10,000 r/min 250 20 min, _EIERED R
P HE IR o
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ul XK, WREIfET 37 CHfE 30 min, FIIA 2 mL
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B .

ORAC {Hil|5E 2218 Paula Becker Pertuzattit! /)75
PN CANGE, HERFRER 1 g KT RIRO A, H
85% FHIE (£ 0.5%F R ABAFEEL 3 IR, $EHUAFIA
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Fro FH 85% M (0.5% 1R H IR 400 fi,
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1.3.6 AREX
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® 1 EREAE MRS HAEXEERESFS)

Table 1 The primer sequence of carotenoids synthesis genes in corn kernels

It . 3145 31(5-3) i
Ll RE
PSY CATCTTCAAAGGGGTCGTCA CAGGATCTGCCTGTACAACA
PDS GAAATCATCGATGCAACTATGGAA CTTCGATAGGTGACCTTTGGA
ZDS GTGTGGTAAAGATCGGACAA AGAGAGTTGCTCCTTCCAT
LCYB CATCGTAAGGTTCCTCGACA ATGCCGAAGCAGAAGAACTC
LCYE TTTACGTGCAAATGCAGTCAA TGACTCTGAAGCTAGAGAAAG
BCHI1 CCACGACCAGAACCTCCAGA CATGGCACCAGACATCTCCA
CYPY97C GTTGACATTGGATGTGATTGG AACCAACCTTCCAGTATGGC
ACTIN CGATTGAGCATGGCATTGT CCCACTAGCGTACAACGAA

F 2 RN[ERE NaCl BMBEXT&ZF 3 d M ERFFRAE IR RIS
Table 2 Effects of different concentrations of NaCl stress on physiological and biochemical indexes of germinated corn at 3 d

Bivdeie NaCl J&#& & &/ (mmol/L)
0 150 300 450 600
FFE% 80.50+0.07° 65.50+0.14¢ 57.50+0.20° 48.00+0.40° 45.500.06"
JiE3F K EJem 2.67+0.074 2.010.05° 1.9740.03¢ 1.60+0.06° 1.1740.07
R 5% /(g CO/gh FW)  0.59+0.10° 0.99+0.12° 1.26+0.11° 1.1120.08" 0.94+0.14°

E RRNE AR T AL R B IEAT E B (p<0.05).

L4 Bkt B Ar

RIGHE 3 AEYYES, SIERINEIRE 3 K
FAREL, REHIEH SPSS 19.0 #AEgtit 04,
75 2 WTiE(ANOVAYE T 2 B LU, Al B 2=
FHIGE AR p<0.05, M55 3 25 57 (AR HEN p<0.01 .
ORAC 18 /] GraphPad. Prism. V6. 01 3HE 2047
KA1 E ] OriginPro 8.5 #2241,

2 #ER5FHE

2.1 NaCl frr 3] B RAT KL KR T HY v

450

NaCl¥ & / (mmol/L)

1 REFRE NaCl AMBTRZFERITHL 3 d UEKIER
Fig.1 Growth of germinated corn kernels treated with different

concentrations of NaCl at 3 d
AR KRR E NaCl FRACFE T AKF R, K
73 d FAKRESWE 1 . g45%5%H, 18 0~600

64

mmol/L NaCl 8, Bl NaCl yREEEIN, FARFFRIfY
& SIS SO NS ZEN

HHEE 2 A, AFEKE NaCl 24FE R, FRFFH
REFFMGK GBI BEER (p<0.05).
24 NaCl AbFRHFEly 600 mmol/L I, KAk & 23
RZERKAZ B AN, B XS PR T 43.47%F0
56.18%, HHAMMIFEE 5 AN T 2 B34 IEAH, A
K 2B N 0.923 F10.944 (p<0.01). NaCl A,
Tk b FBIE K im TN 5, RO A 2 H 20K,
FNfIFPF IS RS, ANREZSMEAT K, AT
2RO, G IOVt N HIF T R B P e o i et
REFIIFEAE 3 FIrTREME: PHIERFITR, (HAEH
PRIE S AEIREAPH IR A R R AR 2
T ARG REH], NaCl Bt TAKFFRLI & 2F
A BEAEIE . X5 AR IEPE N Fe AR R 2,
FRE K KA T B R AP R R 75 21 R 45 AR AL

PR B0 B S SABI I A KOIRAS, R 2 %, A
[FHE NaCl AbFET, B2 R RFFRIEIR R e Tt =
BN, EETRAEREEER. 2 NaCl IKFE
249300 mmol/L B}, HIFWR GRS R AME, N 126¢g
COy/g/h, HEXTHRIRE 113.56%. 450 mmol/L NaCl iy
18R, PR E EEEAK T 300 mmol/L NaCl AbFE4H,
M L R 3R T 88.13%. £E 150 A1 600 mmol/L NaCl Ak
BN, HrpRsRELEEZER, 76 thx Bigs
67.79%F1 59.32%. NaCl Wil & 2F FRFFRIIFIR 5
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Fig.2 HPLC results of six kind of carotenoids standard and
carotenoids in germinated corn kernels

E PR A 2 ERERG 3a-ReER; ASRER; So-
WELE; 64T A

ANFERE NaCl BB R, FRFFRIRZFS 3 d, 6
FhISHAE DA ERE NaCl W12 5T 5 e P
s, A S R B OO 3R> ROK 3
Ji>a- B -1 D 2 >p-FREBa- % MR
PRMFKERLA G 6 MBI MR SR 84.42%,
BB o-tHE NEM BIAE P REELNT 1

ng/g. 150 mmol/L NaCl AbFE R, 6 FhZds b2 &
XA R ZE R 24 NaCl #KE N 300 mmol/L
B, 6 FpiE b E SR 24.96 ng/g, LU ELY
T 21.52% (Wl 3 Fros), HApm s s m FoKE R
TEEEEIN(P<0.05), IAFH KME 13.18 pg/g #17.89
ng/g, ZrAIEEXS FREE R 19.49%. 29.56%, FHLE&EME
B, 2 NaCl IREEREEHE N 450 F1 600 mmol/L i,
Mg RS E %, 25t 300 mmol/L NaCl AbFE /b
T 18.74%H 34.29%.
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Fig.3 Carotenoid content of germinated corn kernels under
different concentrations of NaCl

E: ARNEFRHATELBARNLA T N ELEERD
F (p<0.05).
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RERLINEIEE R, ORI R 50 32 3 F AL
3P, FHIRT A, NaCl it A FE Al {F At 22
MERIVARTB RIEE RS BIR R NaCl Ak
HFOKFPRLHT R TR BE AR MRS . (HA
NaCl ALK R, MRafefid®E, 2380k K
PRI, SRR N R A . LRFERIA
WEFCR I, AN EE ) NaC1(0- 100200+ 400 mmol/L)
MR R, HERWE PRESEREIL LA T
BEffTEa%A . R ZFFOKFFRL NaCl Bl RS MRS
IR ATREM R 2 NaCl M FECEKFPRE G
A, TSI N RPN ORI T 2 B
BIOPTAALTIR, ATYERRAR N A SRR A, 7R
1B NaCl Jibem K3FEE LR, [RBREgRHE e A
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2.3.1 SOD #= POD & M# &4k

R4 EKFFRILE 0~300 mmol/L ) NaCl 4LFE T,
BEZE NaCl WK ZH N, L SOD iG iz iE . 1E 300
mmol/L NaCl 463 K, SOD i InE 2 (p<0.05),
FEX R = T 30.79% . 24 NaCl ¥RFEZHE N %] 600
mmol/L I}, SOD 7% 741 Et. 5 300 mmol/L ZHBE A %,
HEREEZES (p<0.05) (F 4a), FH NaCl 47
R ZEEAKFPRI SOD it EA — e FEdER .
1E 0~600 mmol/L ¥ FEVEE N, NaCl il & 5 FKHF
K POD i AR Ah B AL RV B (3 I 2 b FH#a s
600 mmol/L NaCl Pl () & 5 T KH¥FRL POD ik
B 5 KAE 783.59 Ulg, LUXTRRZAIE N 1 23.57% (] 4b).
iR R BRI AR P E NaCl e 4614 T
H: SOD #1 POD v 1434 hn ity & L

500
a b
& 400 :
I
S 300}
i
W 200}
a
o
2100 -
0
0 150 300 450 600
NaClFE IR / (mmol/L)
b soof d e
C
3 2 :
= 600}
=)
2
s 400f
ot
a
e 200}
0
0 150 300 450 600
NaClFER K / (mmol/L)

[E 4 T[ELRE NaCl B8 & ZF EK¥FHIH SOD F0 POD &M%
Fig.4 SOD and POD activity of germinated corn kernels under
different concentrations of NaCl

i AR BFERTEAEEN EFEE (p<0.05).
THER.

SOD ZHHY) [ i bR 2 G0 S 2 (R il
—, AU BRI T B A HaOo: 1
POD RAEMNIE BRI SEAA) . BRARIE I A 35 0 7 —Fh
FAEERE, A1 H,0, 73R HyO F1 Oy, IR H0, K
JE NI AR AR A REE R RAPRIZE NaCl e
NPAREIEE, SRR AL, REYA SR S)
HARI B R G0 AP PR E A 40 F . AR AT
Z5RATHI NaClHE T, &2F KRR SOD Al POD
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TEVEIREAR, W ROE BRI A s R A
FR R, o RR L A K I 2R B RE
232 #AALEE /1 1EH(ORAC) R AL

R FKFFRL NaCl fHax ORAC HEA BE 1)
S B NaClR FERE N, TRFPRLR 256 3 d [ ORAC
B EFHE FRE (B 5D, iZash SEpha F F KAk
HHEHEAE R AR AL NaCl R 0 s
% 300 mmol/L i, ORAC fHZZEHEH (p<0.05), fE
300 mmol/L A1k 2| F: KAH (173.14 pmol Trolox/g), #&
IR 4.74 £%5. BfiJ5 NaCl iRFEEFH, ORAC {3
N H NaCl i A B FE e SRS RN, (KR FE NaCl
LEFRZH ) ORAC fEANIIEZHIK) 1.11 £, BEE NaCl ik
FE ETF, ARt ORAC 1 2T G R Mt
;;7;\3‘[28]0

175

=

A 150+

o0

£ 125h
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£ 100F
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2 sl /

< _

070 450 600
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[ 5 TERE NaCl BB T & ZF EKATHL ORAC 1E
Fig.5 The ORAC values of germinated corn kernels under
different concentrations of NaCl
NaCl il &2 EARFPRL P S ST AL RE ) 225

5, JHIAE NaCl Ml & 2F TRFFRLE )i P
A, AR — 7 T8 I T 40 M P A LB SOD
A POD JEMRIEIRAMNKEESE, ST ifem
KR DRI FAKAFRAR NG AR R, ITTTHER NaCl
pE P AR RS YRR E A R, X5ARP RS
SOD. POD if&t%. ORAC [EHIINAIEIHE 3 & i
FIGE AR o 422 PV AR FCR I, AN[F) e
NaCl il A6 E 75 H SOD A1 POD ¥5 P KE 25k 1
KIMiHG5E, (HEGEIRE T SOD J& 155 . NaCl g
T EKAFRLI S PUEARE G, $Ra 7T,
AT HFEAERKLEFRMER.

24 RMWFT N EERBETREELFANH

X aRKERA

AN INASE EE ) NaCl XSS N &R E ik
Arh BRI R AR X RIS E & 6 Frs. 1E
0~300 mmol/L NaCl &b¥E' N, PSY. PDS 1 ZDS #:[H]
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FHXTFRIA B NaCl W FERS K MiHS i (] 6a. by o,
24 NaCl ¥~ 300 mmol/L i, DAL 3 FhIk[R£iA &
SERE, OOENRR 1.63. 1.53 A1 131 f%, ik
TREHE M ERAGER. 1E 450 F1600 mmol/L NaCl
MR, 3 FhOCHERRE S RA T RIS B PRAK, eSS
NERAHGERIRIG. PSY SN Smi. T8, mtss
FELEE A O, AT R AR AE VI E AT E SR
Z SRR NPT eI A BT 7T R P
300 mmol/L NaCl #bHid ik PSY R IR TF, FL
KEAE N EEXNIRI 291 £%. HEWKE NaCl £
KRS DR A BOSE RN ik =, A
MRS PR SR, PSY ZRHY NRE R
HHIRSE— AN G g, o PREEE, LSRR RIA
& ARG USRI AER B, /R L S i RIA PSY
BRI AT R R D FOKE, SRR TRk
PSY FER AT N FKH 0 50 552, 14k, PDS
1 ZDS LRSS 5ESAE MR A RS T 1R
RN AE AR, A gt 1 R .

a st
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