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NO £ 5ERLEEETFRFBTRIERAIIE

BwA ., oA, B B, WHW', AR,
XEn, k5 F, kmw', FEEt

(1. VLA R ARPEBEARN B 52 ZTE T, Bat 210014; 2. RACRASFRAR ™ S BEVD IR HOR B A58 %, 5t 210014)

W E: N NO S 5EEE (melatonin, MT) 2EZE T KJE#ZMMERANIE, Z0F 7R ZEMAK. NO. MT, —
ANEABEIHF (nomega-nitro-l-arginine methyl ester, L-NAME) . FRIE R EEHIH17 (tungstate, TUND Fl NO JEx
7 (Carboxy-PTIO, cPTIO). MT + L-NAME. MT + TUN F1 MT + c¢PTIO 5 3& F 347 Ab # . MT 4b 2 K 5% T N I NO
SREEEHTANRA (P<005), H—4AMWEAE (nitric oxide synthase, NOS) ¥ 1t 7 17 i 7T 3 d $2 7 60.36%~
71.08%, NO & RIEEFCEYR LA AR AR SREE S TXHRA (P<0.05, BHEESE | REMEARS A
ST HE A 1.44~1.59 1%, (XA RRIEJREG C(nitrate reductase, NR) 5 PRI IE LA, 24 MT Z54 NOS ##)7) L-
NAME 5 3% T AL B, T HENO S B EZE (L TXIBA (P<005), H MTREEHURM R 24554 NR # 7
TUN i}, SEFHENO S EEZE S TXBA (P<0.05), H MTIEEHREEZCER, FUkwEihe MT @i NOS 1%k
ST NI NO AR fEAREERE B, @A S e B E TR R ERBYIONILERE (HamEE 60% L kD), 54
H AT MT i NO A 7 ) LA R AP, 45350, MT AEFRET ZB%LEF (polyphenol oxidase, PPO)
TE AR T XS B 35.39%~57.36%, [FIBTiZACEE B E R 7 H LA R G ARG 08 i W EE IR -4- 72 1L ¥ (cinnamate-4-
hydroxylase, C,H) . & % B¢ i€ i B ( dihydroflavonol 4-reductase, DFR) . % /Rl & % B ( chalcone synthase,
CHS) . #/RER A (chalcone isomerase, CHI) FIE# L 016 RKIEEEE (colorless anthocyanin reductase, LAR) 7%
P (P<0.05), HWHILFERSEA 1 dEmTARA 15.35%~47.86%, {024 MT 454 L-NAME B cPTIO 4b3IF, %
BRI, Bk, AME MT @il NOS ig&i% S NO &g/l NO FIKER R, HMERATETILEAR, — s
PPO F2AEBRIRE, 5—HHREH G, RAREETREHTHRE.
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) SRR TS AORIE G E IR S AR R B AR

By, 2% LEE (polyphenol oxidase, PPO) ZHE 44 4

YN MEERHME Y FE (Nelumbo nucifera Gaertn.) , 3%
ERRIETE TR EALE. T, HIE. MIRUKL
AEIBREEE IR SOE Ry, B R R CRAE AN 245 A 1E
R E A e N T, PrEA. FIR. BE
MR, PRI, ZFE I ER (30~
40 °C) IAEE T B E ARG T 95 AR AR, R
BEIAIY 1~2d, XPEE W 7 IR i, PR T A
I ETOE . BB A E TR S AR AR
FENEA, ZEATFE R e, Bics
WK AR B3E. SO, L2 REER] (NO. 1-MCP

R H I 2024-04-28  fEITHH: 2024-07-10

HETH: EXRARRFREHEFLEESTH (31901755)

fEE A BWEE, BIWEILO, W7 100 R R 5 L3 R o il
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KIBEVER: M58, L, RO, WA oy R R e B AR 3
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KB R 2N, 1) LA RN PPO & LI H 2
KARIED 22— RS b th ORI LR R AE LS
Foe HEG AR ) R, =& FECEFN S 7 R
AR (1 R R,

FBEZ (melatonin, MT) FEAEYH & — M AP FIAE
AEPBUNBEE F, HAR R I H E BRG], T
SONERE LI E A IR e AR AP il = E= g 1
RELREBGS. ER)5, MT i R4 LA
AR A5 05 K 4 22 76 75 v R sz A ST A R AL SR sz 4 AR D0,
T I IR MT & SRR & AR R O JE AR
W, A A 2 g AR A, ik M B RS N
2040 73 BAIE S MIT R 3 i O 2 5 S S RBk 110 2 7 e A G 1
ARG R LA PR . HAh, SONG T\ Ry A
MT A 38 it 38 583 () B0 S0 A 33 1 400 1) 400 e e % i ok
HsR LA FEGME, L ORISR E S .

— &AM E (nitric oxide, NO) & — s B i )
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SAEEBEES T, EYAEN NO K74 2 53k
B AR YN At. Hrhlg e e 8RR — A A S
(nitric oxide synthase, NOS) fEft L-F5Z IR N NE
T2 DL S i PR I8 J5L I (nitrate reductase, NR) i 4 0 A R
AR NO =AY E B IR B 1 NO AT A R 2
YIRS A, NO BIXFhRe 1 5 HAR N EYE 5 5
TR G HE RN T 2 FAE R R B G,
Wr ZM A5 54, HIERAEN, IREMAEmRS, 1)
Wy PR SR R I S B 7 L SR A A, e S A R B
P A KR T AR LA SR IR BT RE 2 AR, Liu
LV R B, AN MT al 3@ i S AL s2 IR NO 1)
AR IR CE AR, MMIELE R 548 . AW A
3 MT &b 2 AT 52 v 2 i R SRS 20 R 55 ik 428 1 3% R AN
NOS FgiEPE, db st A2 NO BL &R, M PR EFFR n
SR ST A A e B PERO), BT IRE R IRIEAS H, MT A
55 NO RIRFFE T RIAR D) RE, T ZEZR H K 5
FEEPY, (B E T NO A2 R 42 S A8 28 1 R f HLER
i) AN B -

Rk, ASCPL “RZHE 36 57 EF NREAMEL &
JoBAHl MT 55 NO i fe, REEw TETHM
MR, X HAR R R AT I R W, fE LR b,
WL MT i@ it NO 8235 7R J5 8 2 IRW) b i is e &
B 15 H S B o RH G B S R AR Ak, B AE I B NO
Z5 MT H#EE TR EEENBENE, NETREE
R RS BRI R .

1 #MR5EZ%

L1 #R5RF
AR R K% 36 57 EF IR AR, SR A
TV AW AR “fr Rk R I, K
)5 3 h PR HRE RS+ UK 7 2RI IV 548 ol
Bl BEAR P WAL S IG =, Pk e — B (6~7
RO« T BB R B ), KE TR AT
R
B-Fidk OWE. B LIRHMENE el . ARK M. L-KA
A, HEAKEY . Triton X-100. A7 BEEE . Na,MoO,.
R EEmmE A, Hul, SRk, EERRER R ER
(flavine-adenine dinucleotide, FAD) 4 H [E 254 H]; T
fild 2 72 e /5 & R H B ( n-nitro-L-Arg methyl ester, L -
NAME) , #3244 (sodium tungstate, TUN) W H LR
AR ARAR: JLRERE LAAAR. WA
bt S E 26 Sigma-Aldrich; NOS 2 ik 71 & . NR
WERF & WHEERR-4-F21LlE (cinnamate-4-hydroxylase,
CH Bt Aa. EYWEGEEREEE
(leucoanthocyanidin reductase, LAR) [iff Bk 5 328 1771 &
AR EAEE-4-1C )58 (dihydroflavonol 4-reductase, DFR)
i B¢ 4o 9% 1K 7R B AR B S+ A4 % (chalcone isomerase,
CHD Bl il &, &/REI&E (chalcone synthase,
CHS) i Bk % 9% 75 &0 0 B Fa ot 2 B AE ) B2 A IR

Al

1.2 UFES5EE

Eppendorf 5424 M4 &0 41, 4% [E Eppendorf H [ 73
A KY-T AR A, 2 fi (dbat) BHEA R
N Zqty-70 IRG R FM, LRI AT, LC20
TR €4 1% B3 BE Triple TOF® 5 600-+- K AT IS 7] 57 3% 20 4%,
In% K Sciex A ; LC/MS-1260/6 420 JFE {03 57 1% B¢
A EE R R A A .
1.3 #HmALTE

Y FIUF FTAE T RENL Y UL 9 N34

1) MT #H: 100 pmol/L MT ¥R 12 h*";

2) NO #1: 250 umol/L NO ¥ kIZ1E 12 h*;

3) ¢PTIO 41: 500 pmol/L cPTIO &R Y 12 h;

4) MT+cPTIO 41 : 100 pmol/L MT 5 500 pmol/L
cPTIO JREVERIRIE 12 h;

5) L-NAME #: 0.5 mmol/L L-NAME % W & Y
12 h, #ES% SUN &2 (175,

6) MT+L-NAME #41: 100 pmol/L MT 5 0.5 mmol/L
L-NAME V&A% WIZ L 12 h;

7) TUN 4: 0.2 mmol/L TUN V&Rl 12 h, WE
%% ZAFARI %5 1177,

8) MT 5 TUN4: 100 umol/L MT 5 0.2 mmol/L
TUN VR BRI 12 hs

9) XTHEZL: ZEMR/KIZIE 12 ho

A ARE 3T, BNFATH 400+20g
. RIBERETFE T TERNS A LTI E =R

(22~25C) )5, TEAXHEE 80%~90% A125+1 C

TR 5 d, MR AL IF 50 NOS F1 NR V&%, )5 7
SE MT 55 NO A g% .

1E BRI Al -, DAZEIEK. MT. ¢PTIO. MT
454 cPTIO, LMz L-NAME. MT %54 L-NAME &b B 3%
T $% PRI THRE . AN ER Y I8 HER, BR
MNAEAS b P2 B LAMEL 3 ASFATHURE, BURE VRN B
HETRRET A (EBREFO) 28 5 R A+,
HAEAFAE-80 C T2 WidE b I 5E
14 MEERSH*
141 ZEFHENOALZHNE

KR B 25 R 5 1R S AT, fEAB7E-80°C, H
TR ELARPR M E . NO & & lE 2] ZHANG %Y )
Jiik. HEMRFRI 1 g PR, A 4 mL 0.1 mol/L
2% M ( phosphate buffer solution, PBS; pH 7.2) J&%J,
fE4°C. 10319 r/min N &> 20 min, YC4EH E3E WA
NO M ERF & (R @AY TRV WE. NO
(1 547 9 mmol/kg .
1.42 EFEABTEHMZE

W78 FE (I 52 2 v e R AR [ vk, A AR B
1 g3%EF %, FFIMA 4mL PBS (0.1 mol/L, pH 6.8) JE%].
#HHE 1h)57£ 4C. 8851 t/min F & «{» 20 min J5 , HY
2mL FiEW, EERAE Smin 5, FIEANT OGS
HREVHE 410 nm R E KR L EE. \EERRN
Ay % 10,
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143 E-F NOS &M agm

NOS & 2% LIU % J59k. ¥ 0.5 g TRk
A5 2mL 0.1 mol/L HEPES-KOH 22 (pH 7.4, W&
A 0.1% Triton X-100 (v/v) . 5 mmol/L — i 75 ¥ % .
1 mmol/L Z. — &Y Z.f&+ 5 mmol/L Na,MoO,. 0.5 mmol/L
R SEBEME A 10 gL R OB EERR . 10% (viv) H
. 1 mmol/L ZEfk. 20 mmol/L FAD) R%], ¥R &Y
7E 4°C T LA 8851 r/min &> 20 min. f# A NOS ll 52 ik
F R Rt BE Y TREREF TR 20 T NOS & 1 .
NOS Ffgift LA Ulg Foro
144 EF NRZFHNZ

PEWOTVER 1.4.3, fHF NR e R F & (R 2@k
AV TR /0BT NR 351, NR BEEM:LL Ulg Fomo
145 EF L-HRBRAKNAI S E 60T

L-A% 2 B A R 1 W 2 2 1 DONG %5 )53k,
HAM B 1 g E TR ARFESIMA 4mL 0.5% H@+H
fE (50: 50, v/v) ¥, FFAE 4°C FEEAEHEE (80 Hz)
30 min, 4°C '~ 8851 r/min & > 20 min. & ¥ 1 H
0.22 um JEME L JE, H KA Agilent 1260/6 420-LCMS 7
AH B BRI U AT o b WA R BiEAE R
Poroshell 120 HILIC-Z (2.7 um, 3.0 x 100 mm) ; #Ei&
N 35°C; MK N 250 nm; BhAH N A M K (pH
3.0, FERIH pH); BAH 90% ZME; VEMBFER v 0 min,
5% A; 6min, 45% A; 9.1 min, 5% A; 16 min, 5% A;
WIEA | mL/min; BEREEN 1 ul. FRIESE1F: B25]
N 200 uL/min; W5 38 & 400 wL/mins B R A
16 min; . HEWIEE I (ESD, ESFHEL;
TEEAN N, TN 350C. T AWM EA
10 L/min; AL S E 718 45 psi; BAIE HIE N 4000 V
()5 3500V (-5 HE XN MRM £ B I
SERAI AR 1.2s; BEE 7N 292.1 (m/z). LK & R AR
RREE R4 7 UL mg/g A ug/g Fow o
146 EFEHEMRGLEL

Wy KW i % 5 J7 1% % CHEN %0, JEmgfE s k.
TR (2g) 5 6mL 80% KR (viv) JRA, A
PEHL. BN SR 80 Hz, IRJF 25~30°C; ]
20 min. FREUEEPITE 4°C T LA 8 851 r/min 0> 20 min.
WHL S mL E3EW, N SmL 2R ZBEAEEL. R )G,
AN, 4 KHH HCLEY pH £ 2.0, REHC
TR B ER 2RI 3 IR, & IFANAE, AR A HLAHE
WAFJE AN 1 mL H BV fRFE S, 0.45 um RGPS 38
Ja PR A7 2-80°C AT o fF I LC-20 3 AH 23 5 Bk
Triple TOF® 5 600+ ¥ 47 i [] 3 J53 Bk FH A3ORT 34 1 1 24k
EYNEAT I BN E o WA Bl SB Aq R AH
FE (5 um, 4.6 x 250 mm) ; K2 AL AME I ES ;K
KN 280 nm; ii#E N 0.8 mL/min; AEIEN 30°C; iEhAH
NAM: 01%FE (viv), WshHH B: WEE, BEELE
JRFEF: 98% A (3min). 98%~75%A (7min). 75%~
50% A (24min) . 50%~ 30% A (30min) . 30%~
20% A ( 32min) . 20%~ 98% A ( 37min) . 98%

A (40min); BEREE, 10 4L, FUEEME: Ry ESR
A 30 L/min; F B AE N 10 L/min;  BRE
N1 L/min; Wi%HJE AN 43kV; BHEIRE N 3200C;
S-%i3k RF HLSFA 50; INIESEE N 200°C . i,
SYHERN 70 000; HATENKAA 100 ms; 671 5 F AR
FHETEE N 100~800 m/z. 7E MS® B F0#ER: 17 500
FWHM (m/z 200).
147 EFEBAENE

YR RE 2 B SR ik, R el . T
WHAREL 1 g 3 T R A, FEMN 4 mL 1) 80% F E

(V) 213, #H 30min J5 T 4C. 10319 r/min &
£ 20 min. HY 0.1 mL & NN 0.3 mL Bk BR 9 ¥
(75g/L), #HE 3min /5, MA 0.9 mL /KA 0.5 mL 4#

AREYE iR R, 30 min 5T 760 nm Rl & LIRS
fHo Sy HAN mg/kg.
148 ZEFILEELZTNZ

LR RN E RS 146, RAJLERST
PR AT MR 2 &
149 % % & A48 (polyphenol oxidase, PPO) &4
M

PPO Il 5E 755 % L1 &1 7k, HERIFREL 1 g 31
WA, IIAN4mLPBS (0.05mol/L, pHS8.8), % 5mmol/L
-3k ZWEAN 20 g/L (R LIS el . JREIG, £ 4°C
Fi#E 1h, 8851 t/min F&.L» 20 min, L& 4°C /17
#H o TERMNIFUERT, LK (0.1 mol/L) ET 30°C
KB . B3 mL i 0.5 mL fH Bg 32 B, 7E
398 nm FEEATIAE, DL 1 min WG EEAE AR AL R — A
BEE VB0 . PPO B4R Ulge
1410 ETHMH L ELF ZL/RE (leucoanthocyanidin
reductase, LAR) &M ZE

K H LAR BBt & (L i AR A IR
AT FATME. SEUEHH, W1 g E TR, A
4 mL PBS (0.1 mol/L, pH7.4) JB2JJ57E 4 C & 1h,
8851 r/min &.0» 20 min, _iHWR 4°C RAFA&H . HU 10 uL
IEWBINN 40 L B SRR TR LAR A 1) RS A A
RGN 100 uL BEFRAF, T 37°C i E 60 min {2
U ) LAR 53R ik 20 ALl Chorseradish peroxidase,
HRP) FRidMiyiikss & GRET A4, SAANINFR
WAEEFRRAD o RN R IG, 7 LMFLR i w o+
VRGBT AR 5 k. BEJE, IIANEEE A F1EER
B % 50 uL T 37°C #¥ & 15 min, I 50 uL 1B 1
K. Ad B FRACTE 450 nm R 90 E HR O B {E, LAR
A7 Ulg.
1411 #-F C,H. CHS. CHI. DFR /&Hm =z

C,H. CHS. CHI. DFR & 8/ ¥ [F]l LAR. C,H.
CHS. CHI. DFR [l 5 43 7 5K FH AH JSE 1) 1 B 4 928 X 77
& (LA aRAEMRBHERARD WE, $AN Ug.
1.5 HEFEITS7H

i K Origin 2021 PR EZR, AT B3
3IANEGNEAEARMERZ, KA SPSS 20.0 K 34T
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MR ENEZE SR (P<0.05) .
2 ZERESH

2.1 AERIEFEFBERAIRENO BEHFN
WK 1a fE 1b fin, 5 odAHb, ANEGHEHE
TAEHE S R¥IRAE TAREEREL, K, XTHRAR=E
T S KRN CHILHE®HEE, H NO. MT # MT +
TUN ZbFE R+ RO T RMEE, HHAEZEE W EAK
FXE4 (P<0.05), MT + L-NAME. MT + ¢PTIO.
L-NAME. cPTIO 1 TUN &b 3 [1] 3% ¥ 1 3K 1 AR 48 42,
AR FE 4 A R SXHBA TR Z R (P<0.05).

0d xf ﬁﬁfﬁControl NO MT+TUN  MT+L-NAME
MT+cPTIO TUN L-NAME cPTIO

a. JEELER STGE TR
a. The phenotype of lotus seeds after 5 days of treatment

)

on
-~
5.6 2120
3 a = a
g a8 afaal L E100f, .20 .
4.0 b 2 o
w8y bbb 41 g 80ff e e
w32 : o8 ¢ I feg
o g 24 £9 T
z 16! éz 40
& P
m 0.8 3 20
=}
0 s 0
> D S
S R R - BN
& TR S 3] Q X 8 %Y’Q
R ARG ¢ g\&\»’%&x N
&x\)@ ~ &x@
> >

b. AL (SE5K)
b. Browning degree
(The fifth day)

VI:: Control NZEM/KAELA, NO N—F M E LA, MT ﬁ?ﬁ%ﬁi‘fﬁﬁ
#H, TUN NRSERIE R EENHIFIA IR, L-NAME A—SE A& H’&‘#ﬂ%ﬂ
R4, cPTIO N—% fb &Ik K%?‘JLIEQH MT+TUN A MT 454 TUN LEE
40, MT+L-NAME N MT %54 L-NAME 4 ¥4, MT+cPTIO i MT 45 &
cPTIO &b ¥R . ANFEFRFR/RAH A EFREEZER (P<0.05), TH.

Note: The same as below; Control indicates distilled water treatment, NO
indicates nitric oxide treatment, MT indicates melatonin treatment, TUN
indicates tungstate treatment, L-NAME indicates nomega-nitro-L-arginine
methyl ester treatment, cPTIO indicates carboxy-PTIO treatment, MT+TUN
indicates MT combined with TUN treatment, MT+L-NAME indicates MT
combined with L-NAME treatment, MT+cPTIO indicates MT combined with
cPTIO treatment. Different letters at the same time point indicate significant
differences (P < 0.05). Same as below.

B 1 AR REETHLANOSEHY
Fig.1 Effects of different treatments on the browning and NO
content of postharvest lotus seeds

Wk 1c fizn, 5 0d ALk, MT + L-NAME. MT +
cPTIO. L-NAME F1 cPTIO &b FE [¥) 5% F PN ¥ NO & &= 1F
S RN E G, M4, NO. MT. MT + TUN
A TUN A BEZHMI3E %2, H NO. MT Al MT + TUN 4b#
SEETAEH (P<0.05), Hd NO AR N JE NO
SR, MT 5 MT+TUN B2 6 EEE2ER (P>
0.05); FHLZ T, TUN ABESXHRALHE ZR. MT
+ L-NAME. MT + cPTIO. L-NAME Al cPTIO 4t 3 1E %5
5 KEFAYE NO & &R E M TX A (P<0.05). 4L
Frik, NOF MT 4# g 7 WIE NO & &, HTE
MT 5 TUN 45 &A4EH T3E 71, MT 758 &K R AR

c. HIRENOT & (55K)
c. Endogenous NO content
(The fifth day)

FRCR, 5% 5 L-NMAE 5 cPTIO [ AL FEH), MT K
1ER R R .

256K 1 a1, TUNAER NR #5048
BRNIE NO ZEIICEE M, M L-NAME /£ 5 NOS
PO 7 ED IR 7 A HADE T NO SRR B
I, V120 HERT MT J8 3T NOS & 1% k1% 5 5% 7 4£ % NO,
FELE JG 223R 560 A FH Z818K . MT. cPTIO. MT + cPTIO.
L-NAME 1 MT + L-NAME X} 3% 7 #4740 3, B 5 NO
25 MT 55T RIGHZHLEE.

2.2 MT QIEIET AR NO & B R BT HIZAFN
22.1 MT A 44 NO A 47 ) 7| 4 222t 3% F 4h UL & R
BEBABE B 7R

Kl 2a WoR, TR FE A E T IR R AR .
ARy, FAEAEFRREEAEEER. HEE
2 REF, BT MT AR ORFFEAF R B4, Hoh 4k
HOEFREFEHI ISR, HESE 3 KITHEE;
B4 RE, XTHAREFHIL 7 KEHREZE, HMT
AEERACH RS 2 5 R, STHRZLAT L-NAME.
¢cPTIO. MT + cPTIO #1 MT + L-NAME A ¥4 &4 564
REFRE, T MT AEE A 7 A A

(=]
[=%

(=%

v
[=%

ES
[=%

»
S
%97 %
0 ”

w
[=9

»-u

MT+L- MT+cPTIO L-NAME  cPTIO
NAME
a. 0~5 d/N[A] Lb 3 15 - 7Y

a. The phenotype of lotus seeds under different treatments from 0 to 5 d

Xof 2 MT
Control

5.4 r=Control = MT @ MT+L-NAME
I MT+cPTIO @3 L-NAME & cPTIO ll;c
45t ot
54
536
i S a
EEA T
=g N
g N
o 1.8  Aaaa N
& N N
n n
09 N N
n N
[

f=}
[
[USIS
N
w

i JBX I} [ Storage time/d
b. #AL L

b. Browning degree

B2 KRS REEFEREFEFRBEENH "
Fig.2 Effects of different treatments on phenotype of postharvest
lotus seeds and browning degree of postharvest lotus seed coats

WK 2b B, TR GE A [R] 32 i 4738 5 S 0T L T
e, AT 4 d, MT + L-NAME. MT + ¢PTIO. L-
NAME Al ¢PTIO iX PO/ &b 3 4H 1) 5% J2 48738 i 5 6 B 4
WEZER (P<0.05; {£5 5 KK, L-NAME #l ¢cPTIO
AEFRAH T B4 10.44%~11.06%; 1 MT Kb 20 f)3%
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AR 1 RIGIRT IR 12.78%~18.43%. %L,
MT 4b B 0] A 2048 25 75 1 #548 , {H 445 & L-NAME #l
cPTIO W iZAE FH R TH 2%

222 MT A 44 NO & 37 %) 7 4 2 2f £ F NOS #=
NR 7& M4 %500

& 3a frs, ETH NOS 3 P78 0 s f o 52 0%

;A 5 0dME, MT Ml MT + cPTIO Ab# /) 3% 1
NOS V&4 M AES 1. 2 KREHIN T 60.36%~ 71.08%
H157.29%~69.57%, HAERT 3 d & m X4 (P<
0.05); 1M cPTIO &b B 7 % /N i 9 18] 15 6 /8 20 T . 2%
ZR (P>0.05). M2, MT+L-NAME fl L-NAME
ACFRLE R 1. 3 Al S R T H4 (P <0.05).

AAMT+L-NAME

5N MT+cPTIO L-NAME @& cPTIO

3 Control mm MT
9 -
o o1 ab
w71 \
$# 2 6r \
hpess ‘? 5t ¢ H C be
[ d °
22 4o (Y .
2N A Il A A
z 3L R A
221 I A A
1H N \ N
QN \ N
0 N i £\ N
0 1 2 3 4 5

I JBK I [ Storage time/d
a. MR A BHE L
a. Nitric oxide synthase (NOS) activity

A 3

| aaaaaa

NREE
NR activity/(U-g™")

P277777777777 2

=R
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Fig.3 Effects of different treatments on NOS and NR activities of postharvest lotus seeds
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Fig.4 Effects of different treatments on L-arginine and citrulline contents of postharvest lotus seeds
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2% T E I 6.98%, MRV, S EREIVEAE
MR, oGS RN 7.45% it HUCHRER (5&E

ZINEI RN 5.89%) o HeF UL EAER, J5ELE R
NO Z:5 MT IR{Z%E T ) Lo 3R B AN & A 52

1 HEFHHNBREMREESE
Table 1 The phenolic compounds and their contents in fresh lotus seeds
= Po=N
B F TN ST et O ?;_H], / BB T o
Phenolic compounds Chemical formula Neutral mass Retention time/min et Fragments MSZ/(m~z’1) o
(mz) (mgkg )
JLAZ Catechin C,sH,,04 290.05 9.06 289.05 245.06, 203.07, 137.01, 123.03, 109.03  51.46
)L Epicatechin C,sH,,04 290.05 10.99 289.05 245.06, 203.07, 137.01, 123.03, 109.03 5.94
7] Rutin CyH3046 610.10 17.18 609.09 301.01, 300.03 0.77
4 #2 Bk Hyperin CyH,01, 464.06 17.43 463.05 300.00, 179.00 3.70
Mz HF Tsoquercitrin CyHyO12 464.06 19.91 463.08 300.00, 179.00 0.92
Hit i 2% Quercetin C,sH,00, 302.02 23.80 301.01 178.98, 150.99 2.01
W T2 Gallic acid C,H,O; 170.00 3.40 169.00 125.01 2.71
PKERZ Cinnamic acid C,H;0, 148.06 7.21 147.06 85.02 5.01
KA Salicylic acid C,H0; 138.02 922 137.01 93.03 1.39
p-7 5.1 P-coumaric acid C,H,0, 164.04 13.41 163.04 119.04 0.24
Fi[ 3482 Ferulic acid CeH,,0, 194.04 14.44 193.03 178.01, 149.05, 134.03 0.91
FFT 1 Sinapic acid C,,H,,0;4 224.05 14.56 223.04 208.02, 193.00, 149.01, 121.02 3.73
#Z1¢HR Ellagitannin C,HO 302.01 23.84 301.01 178.98, 150.99, 121.02, 107.00 6.34
J & & Total content 85.13

22.5 MT B 44 NO & R ¥4 7 & 2t R g & F &
BIVRESEHRA

EREA WAL AR A, ST IRALAT MT Ab 2 20 3% 1 5
TEMNENES EAETEE EARES (B 50, m
MT + L-NAME. MT + c¢PTIO. L-NAME Al ¢cPTIO &b #
(R By & BB R G ETF. Hodr, MT 4B &
BIHA&E T A (P<0.05); MT + L-NAME Al MT
+ cPTIO AL FRZH 43 B 7E 1. 3. 4dHFAI 1. 2. 4. S5d M
BFEMRT A4 (P<0.05), 1 L-NAME Al ¢PTIO 4t
T2 A AN g () 2 E R T4 (P <0.05), H
7E 1~4 d W118] & 3F (X T MT + L-NAME #1 MT + cPTIO
AbFEA

WK 5b fron, MT AAHFET LA R & 10

=3 Control mm MT

(B #AA B, T HARACER R LR RS BN TS B
TS 1R, MTAHESXIBAR LR E EZR (P>
0.05), {H{E 2~5dif, MT AFEH)LE RS Em T X
HEZH 15.34%~47.87% (P<0.05). 4, MT+L-NAME
FI L-NAME AFEZHZE 2 d B B = T R4l (P <0.05),
{HTE 4~5 d WA B E LT XA (P <0.05), 1 MT +
cPTIO 1 cPTIO 4b ¥ 41 7E 2~ 5 d 18] &5 & A T 5 & 41
(P<0.05), Hrf cPTIO ZbFHH LIS =& BRI
W 8] 46 2% 1R FF B IR KT, A X #RAL 1 56.34%~
77.48%.
SEE K 5a. & S5b A3 HY, MT AbFE ] A 028 % 141
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Fig.5 Effects of different treatments on total phenol and catechin contents of postharvest lotus seeds

22.6 MT 44 NO & R 475 #| & 2 2+ £ & & F PPO
AR R

Kl 6 $ds Bor, BEE W A ZEK, SE T PPO IE
PESE BTG R, FRAESE 4 REHIABIEME . 788N
#AME], MT AbFE PPO WG — BHARFF R KT, HALT X

W&2H 35.39%~57.36%. 1fii MT + L-NAME #1 MT + ¢PTIO
PR AE 4~5 d B E S TR (P<0.05), L-NAME
FIcPTIO AL BEAE 1 d JERE = TX A (P<0.05), H
7E 2. 3. 5d i & & T MT + L-NAME Al MT + ¢PTIO
MEFRH (P <0.05)
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Fig.6 Effects of different treatments on PPO activity of
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Fig.7 Effects of different treatments on C,H, CHS, CHI, DFR and LAR activities of postharvest lotus seeds

Bl 7b R, 7RG R O T CHS VPR AR L
HE CHMML BREE 4 K4, MT A3 25T X A
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IR AT 2~5 d BRI R T XA (P<0.05), ¢PTIO
Aab B U 7 HEA ek A ) 2 K T X R (P < 0.05) .
ME T CHI 3G ARt an i 7c Frow, BRER 3 KA4b,
MT &b 3 78 b 5 9 18] 2 25 v TR ZH (P < 0.05), 1M
MT + L-NAME £bBEAAE S 3 R BT X A (P <
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75 A D) 2 R U D) 4 2 B S5 A X R (P < 0.05) .
B 7dg5RER, MT 4H 2 5% 7 1) DFR 35 M E I
R RS BT, T A AL R A E 0 AR N .
I MT 40 DFR 3G PEAE 1dJ5 & T % 18 4 4.69%~
12.92% (P<0.05). #HLZ T, MT+L-NAME. L-NAME.
MT + cPTIO Al cPTIO AbHLZHLE 1. 3 d i 5 X HEAHIC B
EER, HTE 2. 4dN BERXTXHA (P<0.05,
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WA (P <0.05), 3T+ LAR i1k 45 R an & 7e
Fiim, MT AL 3% LAR 35 P 7F 5 5 300 1) J 25 v
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2RI EFEST A (P<0.05), HAbR 5318
P25 L-NAME ARBRAIAE 1. 4 d BB EE T IR
(P<0.05); 1M cPTIO Kb ZH 78 H& /Ny A 1] & K T
X2 (P<0.05).
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Potential mechanism of NO participating in melatonin alleviating the
postharvest browning of lotus seeds

LUO Shufen’ , YANG He' , SUN Lu', HU Huali' , ZHOU Hongsheng' , LIU Xuesong',
LING Jun®, ZHANG Yingtong® , LI Pengxia™**

(1. Institute of Facilities and Equipment in Agriculture, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2. Key
Laboratory of Cold Chain Logistics Technology for Agro-Products, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: This study aims to investigate the potential mechanism of melatonin (MT) to alleviate the browning of postharvest
lotus seeds. 1) The samples were treated with the distilled water, nitric oxide (NO), MT, the inhibitor of nitric oxide synthase
(NOS) nomega-nitro-L-arginine methyl ester (L-NAME), the inhibitor of nitrate reductase (NR) tungstate (TUN), and the
scavenger of NO carboxy-PTIO (cPTIO), MT + L-NAME, MT + TUN and MT + cPTIO. A systematic analysis was
implemented to explore the possible pathway of NO biosynthesis in the lotus seeds. Then, the levels of key enzymes and
substances were determined to involve in the NO biosynthesis. The results showed that the endogenous NO content of the MT
treated lotus seeds was significantly higher than that of the control. The NOS activity of lotus seeds treated with MT was
promoted by 60.36%—71.08% before 3 days of storage. In addition, the MT treatment significantly increased the contents of L-
arginine and citrulline (P <0.05), which were the key substances in the NO biosynthesis. It was notable that the citrulline
content in the MT treated sample was 1.44~1.59 times than those of the controls. By contrast, there was the varying influence
of MT treatment on the activity of NR in lotus seeds. There was the beneficial effect of MT on the lotus seeds and the
endogenous NO content of the tissue, when the MT was combined with the inhibitor of NR (TUN). However, this beneficial
effect disappeared, when the MT was combined with the inhibitor of NOS (L-NAME) for treating the lotus seeds. The
endogenous NO content in this treatment was significantly lower than that in the control. Therefore, the exogenous MT
treatment was induced the NO biosynthesis in lotus seeds through the pathway of NOS. 2) The potential mechanism of MT was
clarified to regulate the browning of lotus seeds. The phenolic compounds were identified in the lotus seeds using a LC20
HPLC (Shimadzu, Japan) system coupled to a TripleTOF® 5600 + quadrupole time-of-flight (QTOF) mass spectrometer
equipped with a DuoSpray™ ion source (Sciex, Ontario, Canada). It was found that there were six flavanols and seven phenolic
acids in the lotus seeds, and the content of catechin, a type of flavanol, accounts for over 60% of the total phenol content, the
following was ellagitannin, a type of phenolic acid, accounts for 7.45% of the total phenol content. It infers that the catechin
was the major phenolic compound of lotus seeds. The flavan-3-ol was the most common direct natural substrate of polyphenol
oxidase (PPO) in the plant, especially for the catechin and epicatechin. Thereby, the potential mechanism of MT was
determined, where the catechin metabolism was regulated to induce the NO production in the following experiments. The
results indicated that the activity of PPO in the MT treated lotus seeds was lower by 35.39%—57.36% than those in the control.
What’s more, the MT treatment significantly increased the activities of key enzymes, including cinnamate-4-hydroxylase,
dihydroflavonol reductase, chalcone synthase, chalcone isomerase and colorless anthocyanin reductase (P <0.05) in the
catechin synthetic metabolism. As a result, the content of catechin in the MT treated sample was higher by 15.35%—47.86%
than those in the control after 1 days of storage. Whereas, this positive effect was negated, when the MT was combined with L-
NAME or cPTIO for treating lotus seeds. Therefore, it was concluded that the exogenous MT treatment was induced the
biosynthesis of NO through NOS pathway, and then the accumulated NO acted on the catechin metabolism of lotus seeds. The
MT treatment was used to inhibit the PPO activity, and then the catechin was suppressed to participate in the enzymatic
browning; The biosynthesis of catechin was promoted in this treatment. Consequently, the lotus seeds browning was also
alleviated by the MT treatment. These findings can provide the theoretical and technical support to preservation of lotus seeds
and the signal transduction between MT and NO.

Keywords: lotus seeds; melatonin; nitric oxide; browning; catechin metabolism
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