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(1. WA S A8 TS 7 v BRI 3 RS SE I =, WL BN 3113005 2. #ivLARMOR = ol 549
FORZBE, WL BN 3113005 3. WRLAMOR S Lk 5 dBha=2=Be , L Bl 311300)
WE.: [ B8] TR R ERLIEIE T X & %4 F Bambusa oldhami W9 1% 83 B R A, [ #F% ] A
5mmol- L' ¥ EF 0 EEEAMAF 10min, BT (6£1)°C T, THMAE K LE4FHTRMNEA (H0,) REERRE., BEA
A ALEE (SOD). T RALEEE (CAT) &, BE . KAFME 5 A R Z KM %48 (PAL. 4-CL. CAD. POD) #9
EHAAAREAKRT, [£F]5mmol L M ERZEXSEMSF 10min, FLBRGEEEM4FHLEA SOD 4=
CAT #7324 H,0, ¥ B AR, 74 % 4k 5 R £ R4 %4285 (PAL. 4-CL. CAD. POD) #4 % B & ik K-F Foid i
B EHA, FRIBBKARRERE> K B EG EH, [&# ] SMRERLEB SR KR EZR MR GRANLERLM
bR GG FERERREAR, AMELET LABHNARRG TR, B 4432
KA 4R4h; M SNRER; KRERB; HAMLAL
FESZES: $795.5; TS205 XHRFRERD: A NEHRS: 2095-0756(2020)03-0556-07

Effects of exogenous oxalic acid on antioxidant enzymes and
lignification of Bambusa oldhami shoots

YU Tun'?, ZHENG Jian’, YU Xuejun'?

(1. State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China;
2. School of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 3. School of
Agriculture and Food Science, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The purpose is to explore the preservation effect and mechanism of exogenous oxalic
acid treatment on bamboo(Bambusa oldhami) shoots at low temperature. [Method] The peeled bamboo shoots
were soaked in 5 mmol- L™ oxalic acid solution for 10 minutes and stored at (6+1) °C. The effects of oxalic acid
treatment on H,0O, content, SOD activity, CAT activity, hardness, lignin content, key enzymes of lignin
metabolism (PAL, 4-CL, CAD, POD) activities as well as their gene expression levels were measured regularly.
[Result] Soaking the bamboo shoots in 5 mmol- L™ oxalic acid solution for 10 minutes increased the activities
of SOD and CAT, delayed the accumulation of H,0O,, inhibited the increase of key enzymes of lignin
metabolism (PAL, 4-CL, CAD, POD) activities and their gene expression level, and significantly reduced the
accumulation of lignin and hardness increase in bamboo shoots without sheaths. [Conclusion] Exogenous
oxalic acid treatment can retard the lignification process in bamboo shoots without sheaths by inhibiting lignin
metabolism and improving antioxidant enzyme system. Thus, the quality decline during the cold storage could
be postponed. [Ch, 4 fig. 32 ref.]

Key words: botany; Bambusa oldhami shoots; exogenous oxalic acid; lignin metabolism; antioxidant system
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L2841 Bambusa oldhami &= R A F} Gramineae 17 .} Bambusoideae 47 J& Bambusa WA i 54 AT A4
Yy, o34 TAEE ANEAT MO X R4 o s VR AR AT AR X R &8, 5-10 H = 50, A B 5
B, AR “HEEFHT, BRI, WIEEESE, W AEZ. b T AR ER S, iz hAEd,
BATFRIGA G KR W KRBT, AEEOERE R, BRI T R s A ) BRIz A
TETEAEYMEE RN, FoA RGP A TES 5 2 9k B Y 85 R 1 W T LA g B AR 70 0 T S
PR EE | RSB AU R R AL AR U8 G AL E 2% 6 V) 5 Musa nand . 35 K% Litchi
chinensis'™ . %} 225 Heleocharis dulcis™ W78 BUB W, SERAREEN] . OCTAMEFRR AL LY TR 5 Lot sk
P B BIPTEAC IR B 0 520 i A el . Rk, AWFIE AR 9 0 X4, SR AN R R X 2o e e 1 95
PrEACEERUR BRI, AT 20 R I it DR P AR B

1 #MEEF*®

1.1 FREEFES LR

HERAM BS54 T 2017 48 7 H R AR AW LA T, Fndd i b AR AR 27°40'~28°00'N, 120°10'~
120°15'E, @AFJo/ €N g, AMEK, WS, MK, 280 179 C, B4Rk E
1 110~2 200 mm, JJj S AFEFH R 7K i 1527.2 mm, Pk ShI5¢ i H EAR A BE A AL UL/ AT 55, TiCE Tt
WA 6 h INIB B Z . AT SRR PIREETE 2~3 em AT JHER Sy, /NORIRESE, HARKBET
BT, AEFRZHIR A 5 mmol- L BEERIA IR T 10 min(i% 5 R T B 1A B AT (V] S 17 400 TS 56 3145 Y B AR Ak
BESHD, MHRARA AAKGHEF SRR, BB T FIAnsE RGBT, SREHCFERED, £ 0.5 mm
JEERR OIS, AED, BT (6x1) C BIEEMEIEA (Sanyo, MIR-554) g . Ak B K HUEE R
Ty, BEJGHERBEYLIRE, BURERHER T,, n=1. 2. 3. 4, 5. 6d, BUHAARIEHY)I OB L 2~4 cm AY—
BUF TR o AL BRARR I S MRAFRE, A 3K,
1.2 WEMB RMEF E

AL A (H,0,) i EE 7R ik B R FH 95 M B A e AR A B Rl A R il o . S fe sk
fit} (SOD) T . i %A AL S (CAT) i1 . RN 2Rl 2 i (PAL) 61 . i %84kl (POD) T 1 2
RN [ ATRFE RS BBGEE SN Bk AR DR A R 4-CL) G TS R
WRHF U2 B0 eI LA E k. BRI R A AU (CAD) 5 PES IR CAT ZE13) (0t in i ol . RER 5%
ik K K% TaKaRa /A ] SYBR Premix Ex TapTM(TIiRNaseH Plus)Kit Jll & .
1.3 Zitr5aHhA=*

FH Excel #AT8HRG T34 S Bl I SPSS 22 #47 0.05 /K125 55 @ 3 PE 537 -

2 HEREAM

2.1 RBTERWREFMTHEIEMEREERKEMRSLEETENZI

IR 1A AT . BPR b FRZH 5 5t R A AT 58 Ho0, JiT 2 B8 2 ik FBE 70 V2 J 40 1] 114 78 Ak B 3 ik AR — 3
SR ERE ETHE R R A, REER AL B ZH Y HL0, R BE SR Tk BE AE VA K 2~6 d I i 3 T R A4
(P<<0.05), HLXTHRLP MR T 9.2% . 8.5%. 14.3%. 10.2% F112.2%. W& 1B Fi1 C a1, EERALFHZ
5550 BRAL B 2847 55 SOD A CAT 1 MEAE VR M [R] (1 AR (L A AR — 3, Bk B 258 B TR R R
TR AL BREH Y SOD G PEFE VR i 2~6 d A I 35 = X BRZH 1Y SOD &% (P<<0.05), Hu X HEZH 43 548 & T
234%. 41.5%. 18.1%. 14.6% F 16.4%; &% &b BL A CAT 3% Pk 75 ¥ i 2~6 d I i 2 & T % I 4l
(P<<0.05), HXTHRAAM SRS T 202%. 7.1%. 78.4%. 29.7% 1 25.6%., HM.FH] . AMEELERALFRA] L
BT AR N BUEALEE SOD., CAT fihE, F4EZ% H,0, TR E .
22 RBETEBMREEMTEFARARERESHSEEHNZIT

Wl 2 WAL, R AL BT 56 R A A0 SR AT R S5 3R U Ak 43 RSORT A A YA g A 1) 7 AR R A AR —
B, BR RS EF S I 2A R, R AL A A AR R R R R B AR 2. 3 A S d iR E R T
PR (P<<0.05), FeXFHRZH M BIFRAR T 25.3% . 17.3%. 12.7%. & 2B I 1. R kb B 4H i R B e v
FEI) 3~5 d B S E AR T X IR (P<<0.05), HUXTRRZH 23 HIFEAR T 30.5% . 33.8%. 16.5%. HMBEH]: AMJE



558 WroIL R R K A R 2020 4E 6 H 20 H

2o ~ 160 [ ~ 60
g i 2 @
= x <~ 120 =
[}
Y S 5 40
S S %0 =
s X X
I 3 # 20 F
g I 40 [ o
I a a
~ o @)
j—%—) 1 1 1 1 1 ] A 1 1 1 1 1 J w2 1 1 1 1 1 J
i 0] 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
#d #d #d

— AR - B
* RoREFRE (P<0.05)
B 1 A&KE T EBRAGH4F H0, RBEREZ. SOD fv CAT FHe)% A

Figure 1 Effects of oxalic acid treatment on H,0O, content, SOD and CAT activities of bamboo shoots at low temperature
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Figure 2  Effects of oxalic acid treatment on lignin content and firmness of bamboo shoots at low temperature

FPR b BT DA RE 7 7y SR o 2R (AR R A B2 1) T
23 REBETERNRESFMTERREGH KB TN

WA 3 Al EERALFZH 5 0 R 44T 45 PAL. 4-CL. CAD. POD I 115 ¥4 Y] ] it 725 1k e 3
HAR—F. & 3A ATH: PAL WEMERA B2 EIR R, SERALERALA PAL FEPEER K 2~5 d I B3
T X IRL (P<<0.05), FEXFBRAL 20 BIRAK T 23.3% . 25.8%. 16.0%. 18.2%. W 3B Al %l 4-CL itk
SA ERE ETHE PR, BRI (1 4-CL 1% PEAE R 3 d i S5 IR T X R4 (P<<0.05), ELX}
WEAREAR T 26.3%. WK 3C WA CAD W& M EA 25 BIHE PR, RRAPA M CAD i
FEVR P 3~5 d i I AR T X R4 (P<<0.05), X R Ay BIRRAR T 17.7%. 17.0% ., 19.7%. W& 3D Af
Hl: POD &1 BA I 2 TG TR S, FERAL BRI POD I M 7E & i 2~3 d B i 35 Ik T X B 41
(P<<0.05), LLXTREZH 73 HIREAR T 19.9% . 21.1%. BRI . SRR AL 3 AT DU 2- AT 55 K B 2 5 i
KHEBE PAL, 4-CL. CAD. POD iRy 7.
24 RETEBRWREEMEFARZERXBHBEERREIEZMN

WK 4 T, BERRANFRZH 5 %F MR LH AU AT 45 PAL . 4-CL., CAD. POD FERAHNT 65 7E 4 b 1] 1Y
AT 3, I 4A VA PAL SEPRAEXS A & VA E RS TS IR TR, Rk
FRZH Y PAL B PR X 35K 5 AE V2 i 3~5 d I S 351K T4 BRZH (P<<0.05),  FORT BEZE 43 0 FEAIR T 37.4% .
28.1% . 45.4%. WK 4B Al : 4-CL SEAHXT Rk i Sk L 2 ks, R b B2 4-CL 5L AH
X} PR RAER I 3~5 d i B E AR T X R4 (P<<0.05), HoXF HRZH 20 AR T 45.0% . 17.5% . 28.1%.
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Figure 3  Effects of oxalic acid treatment on PAL, 4-CL, CAD and POD activities of bamboo shoots at low temperature
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Figure 4 Effects of oxalic acid treatment on PAL, 4-CL, CAD and POD relative expression of bamboo shoots at low temperature
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[ 4C I Hl: CAD FEHAXT A Bk 2 DTG TR, FIRAFEA N CAD R A X Fikht
FER i 2~3 d B B R T X HRAL (P<<0.05), LUXTHEALAr BIFEMR T 34.7% . 48.2%. mIE 4D W[%1. POD %
DA G e 3k B AR | LR RS, RRR AL BREL () POD J& AR X ik B ISR T X IR 4], 2R3 A B
(P>0.05). FHULULH]: SMEEFRANIEAT LI PAL . 4-CL. CAD F1 POD R:H )ik
3 W54

AR SN R A B AT DA = S T R N A fL I SOD . CAT MYTEMEIFIELE H,0, it JBE R
WA R ATLARESE A2 B B RNAE B2 1 T BT LA %47 55 A i 28 A BOCHE B PAL ., 4-CL,
CAD. POD JGPER) ETF, ol LIS PAL. 4-CL. CAD F1 POD Ry 3ih; Al AR LT A A Fi Ak
HERR, IEZRLRATI A R, AR LRAT SR AR EE I

) TE 32 B A0 30 885 il 300 I 23 77 AR 1S PR R (ROS), S804 M BE i it 4801k, A A 0 I £ 435 4 1 oy
A, JTE ISR AN MRS TS, O TR ROS MU, MRS EGRIR NP RS,
PUEALEE IS, LATHBR ROSM, AP 45 R R . 7EMURAM T, FRRAN YL Lo F A R 4l
LUl HyO, i BE R e B i 2R T /R4 (P<<0.05), B AY HyO, i EE IRk B B T-Usi %% ROS X 45
WA T . FRRAL R A L oe sk A 9P R AL 21 1) SOD Al CAT W 1 o 3 = TXTHIR A (P<<0.05). %
Fg S BT IAN AT B R AL BEORAE RT Dt B 4R i AL SOD Al CAT AYTEE, 38 mT LAAT 8%
ik O, MY A= BN Hy0, 15 fi

AREEFR AR =Y, JBHIAGY, SR RER A 25 2. T AERIGIE
WRHEWER, KREGHME, P —AEEYERRIEART . AT 2R ARG SUE B -
F, KBRS, B EAWAED BT, 22 M Zizania latifolia. 75 Asparagus
officinalis G ARG ARG B TP YA AR TALA) B AP AR A IR A TR, R AN
ELAT DA S A7 S50 B ) T, IR RENS IR AR R B A R, TR e T AL, dEFRriclr
B B BT, R R AT ST IR . 5 T B AR PRI Y A SR F AN DR TR 1 1 HF 5E 5 AT Phyllostachys
praecox FEARJTZ A AL BT LA KA BE (1) _ETH 2578 A0

PAL. 4-CL. CAD #1POD 45 4 i 5 KR & A B VIR, HIEENF @G fedE R R
MIA I, PRSI . ARG REN: ERMT, SRR LT 57 PAL, 4-CL.,
CAD 1 POD (3G P38 F XF B4, R AL FRAE A 1 B B AN T 272 T S8 R i 3 A 0 R G S i
FITE T 3% 5 PR ECAERT B A AR B R il 2 Fe 4% 55 PAL il POD TG PERY S5 182501

T 1) A S5 Ak 2 A 37 2 A A 5 2 AT 11 S B il L PR 1 iR R . LU P WFSR R B : PpCAD1 Al
PpCAD2 i% 2 DB FEZAERL Pyrus pyrifolia AR R AEY G . ARIFZEPRE, HMEARRRE
ORI SE BN R, SHAN S5 IR 5y 20, JAEESAAE Eriobotrya japonica WA 5t ARSI L R 3 2L )&
EjCAD1. EjPOD. EjPAL2 3% 3 1~ . A, KRZHF A RIAAJE PAL, 4-CL. CAD #1 POD HYif
P 5 O 7 5 PR A A TE B R A A B 2 15 PO s AR S5 SRR FERR AL IAE v 5 1Y) Hh S I R 8
AN LT AR TR A OGRS PAL . CAD H1 4-CL (93N F kK, 1T LA POD fity 3L A
PRV GEARRIE | AR i 3 B B 1 it ) T M I AR A B e i T WL, PAL. 4-CL. CAD %A
FOR G R R T B A R Bl AR AL A — 3, POD LI FGE SR . R R T 4L
DA K TS PR ) AR A A B, U AR 55 R BT 215 RO B il 1 5 PR 3 3 R P A8 A ] 25 R P A B 2 i A
P& . LU P W5 k8. FIHSEAES AT LU G BRI h PpCADY Bl PpCAD2 FERIFR3k, MR AR
FLENAED G RERE, REBFIHRIR M ROR, X SARMFREE R, 534, SEWALT 50 fif
FRI, WHE Nicotiana tabacum W) PAL JEREZ BN Z )5, AMEKFRRE &40 B %, PAL f9
TGP I BRI, ASBIF SR rh B i A BEREAT ) T A T 28 A OGRS M, S T 6 Ry B R R A KT, A
2T ] T RSk AR 1 A RUR B R B R, 5% TGS AR TR AT SR T A B T R
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