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Abstract: The effects of melatonin treatment on inhibiting lignification and browning, including firmness, lignin content,
enzyme activities, and the expression level of genes encoding corresponding enzymes in bamboo (Acidosasa edulis) shoots
without sheaths during cold storage were investigated. Bamboo shoots without physical injuries or infections and similar in
shape and size were removed from their sheaths and cleaned with tap water and then disinfected with 150 pL/L sodium

hypochlorite for 5 min, rinsed with tap water, and air-dried. The bamboo shoots were soaked in 0.2 mmol/L melatonin
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solution and water (control) (both containing 0.05% Tween-80 and 3 mL anhydrous ethanol) at 22 °C for 30 minutes, air-

dried at room temperature for approximately 60 min and subsequently stored at 6+1 °C accompanied by 75%~80% RH for

15 days. Quality parameters and activities of key enzymes and gene expression involved in lignification and browning of

bamboo shoots were periodically determined during cold storage to investigate the related mechanism. The results showed

that melatonin treatment significantly (P<0.05) decreased the activities of phenylalanine ammonia lyase (PAL), peroxidase

(POD) and cinnamyl alcohol dehydrogenase (CAD), and the expression of these lignin synthesis-related enzymes, which

contributed to retarding lignification process in bamboo shoots. Meanwhile, melatonin treatment decreased hydrogen

peroxide (H,0,) content and the production rate of superoxide anion radical (O, -), delayed the increase of MDA content

and relative leakage rate by significantly (P<0.05) increasing the activities of superoxide dismutase (SOD), catalase (CAT)

and the expression of their encoding genes. On the other hand, melatonin treatment reduced the activities of polyphenol

oxidase (PPO) and the expression of the encoding genes in bamboo shoots, consequently delaying the enzymatic browning

of bamboo shoots. Thus, exogenous melatonin treatment could effectively inhibit browning and lignification of cold shelled

yellow sweet bamboo shoots.

Key words: bamboo shoot; melatonin; lignification; browning; cold storage

S AT ( Acidosasa edulis) &= R A< B} g 47 )&
(Acidosasa)IRAENT, FESARHEIREREE . VIVE . ¥
L—5 o PEEAT H SRS 4R A RAF 4~5 A4y, I
SRBRIE SEAOE S, S I LU BN, = S AR
AR | WL 2P IR E; SR T 550 ]
PR IR, SR T WIS ME LAY R, U HORE AR
Sy RdrE S AR Bk

#il 22 22 (Melatonin, MT) J&—Fh & BRI 4= 4,
AMUAFET LS AR DY, ) V2 AT
HA . AHSCHFTESE Hh, AR F 2Rl A 1<
ER, SHEYWARKEE . T2 D i B 22T
A R VIAH M, AR AT SR AR R E R
SR R FL N R AR 22 O i, JETiFS A S 2L R A
TIPSR S, SRIGAHSCHTIR R ER, MR R ER
A FHLBRAS A A5 b I8 S I e A [R] SR S0 L BT R R LR
FRAMM AR SE R FIE AR AR . A7 5 5T R B, Fl
FACFRRRASINHI T BRGAED S5 SR 5 18
WM DTS5 AR, EZRIMAEAESE T S STh T B AR
B, I R S U AR P B T i P S R AR, W
FS 1) 240 O A A PR I, T RESE T 4 A8 FI SR A 8,
GEHHSE T R R SR F AR P BEAS W 2 b4 25 C
NIV ZE A SR AR AR, L AL A AR R R b
PAE o PR AN AR AR B A QB AT BE AT, P T 40
fEziE RGN, 3EIR T AU = T RITE A R . UEAE
RS LI, >R JaFNEAR R Z AT TR G R IS
AR B R . SR 50 pmol/L RS 2KH
4] PAL. 4CL. CAD Fil POD i, 3E 11146 54
Hi FIE 2% T ¥ JED A AAE i AR BT AL R DY AR i 1T 55
|, BB ER AT R BRI BT 23R S AR DGR P DA A
P THUEALEE S, PETTAELE T 5719 S50 e f v
R BT EFRY; AR 25 SR AE 28 PR e R BT i 72
AT RINESET, FEREGE R A As U7 T, AT
K, SMIE MT bR e 8 T AR AR, 58
T FaTDC. FaT5H 55 MT 5 AL 2R3k, BETi5 &
WAL S B MT A3 3¢, B AR AEDT A B 4500
5T A B, NGRS 22 A3 g 28t i v 1 A s X

BEFELHAUNHTAEALRE I A H] T 4 2 AHSC R IE4E, DA
A RHIESE T LHL U AE

FFeAT SRS AT A SC TR S 09 i T2k
i JEORE, AR AT SIS SN T AR kL . SR,
KT AR ZRXT R Feve i ST A 4 U AR FI AR BT fh
FASEIRAAFSE M AR DLRIE . R, Aol R o b
VRAR R F AL PR J2 7 AT 5572 s A AS BT AL Fd
AR RN S XA SRR, LA 25 e T8 iR
777k .

1 #RERE%E
L1 #RE5NER

HEEMTF AW L 6: 00 SREEFHIVLA N
KT B B Srys R, Bi7RIZ R —ATAR . S8R E AR
FHS B FEASAR R . ARULSE 4. o B3 1 BOR AT 54,
T 1.5 h Wiz [m5eeEs; L-ASN AR « ARy . 4-7F
TR . 4ilE A(coenzyme A) . — & & R (trichloro-
acetic acid, TCA) | fif QL tbZ % (thiobarbituric acid,
TBA) . & PUk (nitro-blue tetrazolium, NBT) | £
FARE . R R 6000, p-Fidk W, PUSLL
BR . WRBREL . PIBR . fhPHiE X-100, REBLEA . mhik-
80 & Xy Ny or#rali, 24 4R H b2 BRA |
HREAZE | MAMAEE, 32 1E Sigma 2 7l ; PureLink® plant
RNA Extraction Kit, PrimeScript™ II 1st Strand
cDNA Synthesis Kit, SYBR®Premix Ex Taq™( Tli
Rnase Plus) HZS TaKaRa Bio Inc 23#]

Micro 17R & % %R 2.0 0L 3€[E Thermo
Fisher 2 Fl; T6 BUELHNAT ULA-66 80 4T
AR A B BT F]; TPAV-120 fEIRERA  H
A% ISUZU 23 7l TAXT PlusC B9 {%  BEZ[E SMS
2\ HE] MIJER CR-10Plus (254 H AR JE KA H];
iQTMS5 £ SZHT 986 E & PCR Y 26 [E Bio-Rad
NI
1.2 EWHE
1.2.1 #heabEE  PIBRFELER 3 cm AT584HZ, /N3]
FrF5¢, FH 150 pl/L IREPRENTEMIZ ML 5 min 5% B
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J& . FH A SRR ppyl 3~4 i, HEHX 324 MR FE55, B
Sl 2 41, AR 0.2 mmol/L 4B A IR MR AN 7K
(WP EE 0.05% ik 7E-80 F1 3 mL Jo/K £ %)
HHEE R R IR 30 mine SRS, B H T RH Al [ SR I

T, A3 A A SRR, SRR 0.05 mm JRE R fif

2%, RO, F 6+1 °C, RH 75%~80% T 7% 15 d.
Wla] 4 3 d HURE, I B U T 19 (6,22, SRR Y]

Ff L 2~4 om BYZHZUH TRENAHSSFS PR, AR P505
—KEH

1.2.2 MEFEPR S I

1.22.1 AF OO0 IFR VI m LME .

3 d BEALEL 9 MR B AT, Pl S5 LR b LM, H
TR ERRREEDITIINGE 3 A, BOFH{E

1.2.2.2 AEXIH S N (MDA) . #BE AT H

3L (O, ) A BGHECR LT AL A (H,0,) Fig =

R R R A Y VR I A ARSI a. AEXT H S 3R 0

B A ARSI O A 2~3 mm U2 1 mm JEES
PILHZURI A, FITFLasE]FR 120°H0E A2 10 mm 1[5
R, 9 BB A A TS B, A 20.0 mL 258
7K, BAS¥295 10 min, J5HERPESS 15 min, 43500 &

ARSI S5, T RAS AR L 558 b, DY

Tl A FREX 3.0 g B URAT S5 4H. 2L, A 5.0 mL
TCA W, T 4 °C. 10000xg B.C» 20 min, 2 2.0 mL
_EWEW, 435 450, 532 F 600 nm I G2 WG AR,
T RIS TN B & fE; . Oy 28 s 5 & - FREL

3.0 g BWURSF AL, A 5.0 mL $#2HUEE bk (5
1 mmol/L EDTA, 0.3% Triton X-100 Fl1 2% PVP),

PKIG TSI, T 12000xg. 4 °C E5.0> 20 min, H
1.0 mL 3%, LA 1.0 mL 50 mmol/L . pH7.8 Bz
ZZPPWE AT 1.0 mL 1 mmol/ L [YELER BRI IR, #275

JaTF 25 C AR 1 he BUHJEIMAST LA IR i
I a-ZENEHS A, TR Ao, I 5E 530 nm Ab WG
B, ARYEARME T £ 2 8 AU B 4 i) o, sl ad i

FAREL O, - A %5 d. H,O, il zE: FREL 5.0 g
R ZRRE SR, A 5.0 mL T4 B P TER, A3 KL
Mt ok S5 R RS LSIIR S, T 12000%g., 4 C 25

L> 20 min, WEHX 1.0 mL #EHUH, 32 B85 Hl/Ebs v il

LAHA] (Y 7 AT A , 75 FH—20 °C T00v8 PR BlKF 25

DS BN ITLTEYI I E Ve 2~3 IR, HEIREO R, B
FEUTUE AR IR 58 A1 fe Je 04T Eu A4, 113K H,0,

i,

1.2.2.3 MR H 1.0~1.4 cm JEZRA, AL P2
BRSL AT 2 928, DR A 4 mm, 0]

0.5 mm/s, BN SIS g, B2k N,

1224 HF4EEMARTESE S8 Zeng F' 1Y
T RVAE K a. £FAEZR & EE S FREX 30.0 g A7

SERESY, T 50 mmol/L Tris-HCI 2 ik (pH7.2) 515,

YRZ LA 3 h, J5§ 14000xg B 0> 15 min, 587 FHK |
CEEFIPNERPE S, 255 FREL 50 mg 5%, A

5 mL 2 mmol/L =R MR, 120 °C {575 90 min; 5%t

JHAKFN BB 00k, JE A 5 mL 12 mmol/L Hilig
Ve, A REIS E A, AR SR ik AR R T LE A B b
KRIREZFE S B E: BRI 50.0 g 7755FE 5, in 20 mL
WAL 72% B H,SO,, WHES) K, T2 IR T 6 h,
IRE W A 500 mL “FIREERE, A 200 mL X5 F
7K, 100 °C [El3t 2.5 h, #EFEHRSUE, JH 90 C #k
BRI EZ BTk, 105 C M2 iaE, g5 R DISEE
Sy R

1.2.2.5 PAL. CAD. POD. PPO ifif PAL. POD.
PPO 7iM:Z R @ R AE! Y 1k, CAD M=
8 Zeng 25 (TR FEREVEIEEL: a. PAL WP AE
FREL 3.0 g iS5, VKIS TS I A3, T 250, B
2 IRAF, FRAHIINA 3.0 mL 50 mmol/L. pHS.8 il
BRZE K . 0.5 mL 20 mmol/L L-2EPN4 RIS, W%
WP Hn A 0.5 mL B2 BUK AT 0.5 mL 23k
5 min 4286 BEVEAE M X BR, 37 °C {75 60 min )5,
JIA 0.1 mL 6 mol/L FRPRZ b7 W, 5%+ 290 nm
AB I RE W SEEE(E; b, POD Hh PN : FREX 3.0 g A1
FEAL A 5.0 mL $RERSE v, KA S il ST IR, B
DTS . RVARZER R 3.0 mL 25mmol/L # A
B MR 0.5 mL B2 ECA, il 200 puL 0.5 mol/L
H,O, RIS 3N, T 470 nm ANME UG
JE{E; ¢. PPO V% 14E: FREX 3.0 g BS54 A, I 5.0 mL
PRI PR, VIR ES B SIIK, B0 B IR . N
{AZH: 4.0 mL 50 mmol/L . pH5.5 B Z.1%-Z. 1B 4NS%
YR AW 1 mL 50 mmol/L B2 Ak, A
100 puL FEFEECH, T 420 nm &b 52 W6 BEAE; d.
CAD IEPEI 52 . FREX 5.0 g B VRS, A 10 mL
Tris-HCI1 2 #3280 (200 mmol/L. pH7.5), T2
BUS 14000xg B5.00 15 min, AR Z A 100 mmol/
L Tris-HCI 2% v (pHS8.8) . 20 mmol/L A 1 15 .
5 mmol/L NADP'Hl1 50 pL BFEER, 400 nm I K
R WG REAE

1.2.2.6 SOD. CAT &t Z=H8 Li " 7k I+RH
VEMERA: R 5.0 g ¥R, A 5.0 mL 0.2 mmol/L
BETR 2 vh R (pH7.8) , VKIGWFEE ST, Wi 4 C.
8000xg Z.[> 10 min, B & . a. SOD I Ml a2 -
B 5 S, A5 AR B 0.05 mL(FE S X BE 1Y
2 AR ISR ah AR, 2.25 mL pH7.8. 50 mmol/
L B8R £ 2% vh ik, 0.2 mL 195 mmol/L 14 & 44,
BRIFE W, 0.1 mL 1 mmol/L i) EDTA & #, 0.2 mL
1.125 mmol/L 1) NBT ¥, F-IIA 0.1 mL 60 mmol/
L BRI R, IR AR 1 SO0 HEAE B T rs Ak, H
B EE T 4000 Ix G5 E R Y 30 min, i
B, B PR RN . UABOEEE NS ST
PR, LI A B 1 560 nm T U A48 I I TG
{B; b. CAT #EPEMIAE : M HL 2.0 mL ZE48 7K, F-hIIA
1.0 mL 0.2% H,O,, 5/ A 0.1 mL $2IBE, didiR
A, WG . LIZRIEK S L, T K 240 nm
NI E T
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Table 1 Real-time PCR primers and conditions

L PN HPZ R HE TS Bty K (bp) IR (°C)
Phyllostachys edulis(TAT) Actin FJ601918.1 f{: &i%%%ﬁ%?&‘}g%g%égg 108 60
Phyllostachys edulis(E:ry) — cmnamylal C?Z‘nghy drogenase  ppsi9577.1 %%ﬁl@éﬁgglg?gggfggggg 104 60
Phyllostachys edulis(E:AT) polyphenol oxidase (PPO)  PH01000032G1250 ;/}I}%i%%(%%fc%ﬁggggﬁg 132 60
Phyllostachys edulis(FEAT) Peroxidase (POD) FP092331.1 %iﬁ%ﬁiﬁéggi?gggggggﬁg 116 60
Phyllostachys prominens(#5547)  Phen l"’”"é’l’f A"L’?;””"i“'ly 9S€ AY450643.2 IE STA%CCGC;EGCTCTgTG(j(féT[E}i(BTTTTCGT 132 60
Phyllostachys edulis(EAT) superoxide dismutase (SOD) ~ PH01002962G0030 ll; giiéggéiggg%%%?é?géﬁ 104 60
Bambusa emeiensis( Z47T) catalase(CAT) PHO01000019G1840 F: CATGCATGCGTTTGGATITG 102 60

R: CAGAATAGCCGCTTTGAGCG

1.2.2.7 ARFFRAAQH ARSI E R S
Zheng S FNgEFFEN IR IRV RIS . WL
LG >R FH SuperScript™ 11 1st Strand cDNA Synthe-
sis Kit P 7T54 5%1:05; Real-time PCR #&l: H1Z 5
AT GAE B PCR {SGHATY 1Y, 514 RS-k 1,
P RAR R 25 pL, RN AR R 25 L, 0 HE:
ddH,O 10.5 puL, SYBR Premix Ex Taq"™(2x)12.5 uL,
PCR-F(10 pmol/L)0.5 pL, PCR-R(10 umol/L.)0.5 uL,
iR cDNA1L.0 pLo S 2&44: 95 C FiZE M 1 min;
50 MIEFR (95 °C A5 10 s; 60 °C IR K 25 s, A
J6); T 55~95 °C ZIaISrHTkE i Zk .
1.3 HuEIE

SCES SR BN 3 HAE Y 2EE B ST
5. BUHFR RS N VPEMEEb R EZE (n=3), Geil2# 22 5
53 BT >R A SPSS #1447 Duncan’s multiple range
test K, 24 P<0.05 B, TA R Ab BREH 2 (6] 4775 1. 35
255
2 HR5SMH

20 EEROEMERMHTFOEEMETYEEEN

A1)

2.1.1  ARFRFRAC BT EHAT AR BRI VR
30 ¢

—— XTHRY] —e— MT

25t

20 f

15t

B (N)

10 ¢

o 3 o6 9 12 I
JETECIN ) (d)

BT AERRALBEXT 6 °C T Ve LB AT A L A
Fig.1 Effects of melatonin treatment on firmness of bamboo
shoots during storage at 6 °C
T A RING R R[] — IR ) 5o 22 53 0. 2% (P<0.05 )

Pl 3~ 9 [l

Sb AR, FEEAYT S SR IR 2H P et R i 2 4 p TR ) 2
KEZH EIaF, MT AL FELE 9~15 d PN WL 3%
(P<0.05)¥8Z% T FFRMEEE R [T, FHES X IRLH, 4R
FAZR AL HRLH () S P LH AR BE T BRI SN 20%~41%;
TEVRIRLES 15 di), HREE 2R A B2 (1) Do 72 W Rt Ay 550
FERE O AN T 2 4%, X AR AE B A o0 d N T
2.83 5 (E 1),

FHIE 2 AT 0L, A5 15 d J&, X BEZE Je5e BT o
() SEHARIISRE S D) T4 708 Y ., T 0 B 3R b LA 1) P4
R AN AW 5 i AR g — L, FEAS B Y
SIRE S, BAT AR SN BT o RIS, At
o, BRI SN LE ST R RERa, HARR R A
ZH B BT SF LEAE 9~15 d v T4 R4 H 25 5 ik
Z(P<0.05), B lFE A 24%~33%; 4l B 2R b B2 Y 2
FEHEHAT S IETR VI (.22 L7582 0 d [RIR T 22%, X
BEZH L% 0 d FRAR T 41% (& 3) . UhW] AR M 2R ah 1
BEAZ A ] 25 7€ DAY 55 9 PR 2H S URE 38 19 o R 5k
YI LR

MTAbHE
B2 HEEZAPRE TR 15 d 5N

Fig.2 Appearance of bamboo shoots treated with melatonin

after 15 d of cold storage
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SIS ] (d)
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Fig.3 Effects of melatonin treatment on L value of bamboo
shoots during storage at 6 “C

2.2 REZAENEFTHIHIFHNARRLE

2.2.1 FREFAIIFARTTHMLLER SR %
WL AR, TR A AR EL IR R YR58
B 5 V4 RS IR B AR S T | Tk, HE SR ZR AL A
TE 12~15 d N B2 (P<0.05) il T AR = &5 A &

—_
W

—— XHEY] —— MT a a

0.5

RFEZE A (2/100 g FW) >

0 3 6 9 12 15
T JRE IR] (d)

L, AR TXT B2, R R ER Ab PR ZH A BT S8 b R 5T
R ERIRE N 30%~54%; 7E25 6. 12.d B35
(P<0.05) Wil T £4F 4k 3 & 510 B, AHEC T X IR,
il S22 A7 T ) B R AT 5 v £ 4 22 S R A B AT 4
IR 17% FiT 15%., TEVRRES 15 d B, AR R RANPRZA
PR 227 AT AR TR AL 4E % 0 d 23 s hn 1
2.22 fE%F 0.93 135, X BRLH X R F8HR%EL 0 d 43 B8 Hn
T 3.63 {51 1.011%. UiEHARIE R AN ERREAEAT R il
LT BT 58 T AR B 2R RN 4T 4k 2 g ERL(E] 4A F
Il 4B).

222 HRHAZELLFEXT PAL. POD Fl1 CAD 51 K it
RIZFEIRBIFEm  AnlE 5 s, Xt RdgH Sl R = a1
ZHEEHAT 25 PAL Fl POD K PHETEN R Py 2 s
ST, BT B S 2, 4R N 2 A HE 2 B
188 v PAL 1 POD ¥ 4 43 B £ 6~15 d. 6 d

12~15 d N 25 (P<0.05 I T-X R ZH, BRAR AN i 2 45
WM 14%~25%. 31%F1 17%~35%(E 5A FIE 5C);
X} RELH B BHAT S5 CAD Js PS5 BT R

g
=

—o— X4l —— MT a

242 A (/100 g FW) F

o
0

s I (d)

Bl 4 HREZELTENT 6 C FEBAT AR E SR
LY RN

Fig.4 Effects of melatonin treatment on content of cellulose and lignin of bamboo shoots during storage at 6 °C
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