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Abstract: This study investigated the effects of exogenous cinnamic acid (CA) on reddening and reactive oxygen species
(ROS) metabolism in fresh-cut lettuce. Fresh-cut lettuce samples were treated with 0.5 g/ CA solution for 10 minutes (CA
group), while distilled water was used as a control (CK group). Both groups were stored at 4+0.5 °C, and samples were col-
lected every two days over a period of 8 days. The results showed that CA treatment significantly suppressed the increase in
reddening index and «" value, and mitigated the decline in L" value, thereby maintaining the visual quality of the lettuce dur-
ing storage. Furthermore, CA treatment markedly inhibited the activities and gene expression levels of polyphenol oxidase
(PPO), peroxidase (POD), and phenylalanine ammonia-lyase (PAL), delaying the biosynthesis and oxidation of total phe-
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nols, flavonoids and scopoletin. In addition, CA treatment maintained higher activities and expression levels of antioxidant

enzymes, including superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GR), and ascorbate peroxidase

(APX). It also reduced the accumulation of malondialdehyde (MDA) and hydrogen peroxide (H,0,), as well as the genera-

tion rate of superoxide anion (O, -), thereby alleviating oxidative damage and preserving cell membrane integrity. Overall,

CA treatment can effectively delay the color and quality deterioration of fresh-cut lettuce, providing a theoretical support

for the application of CA in the preservation of fresh-cut fruits and vegetables.
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ZEPIRERR . X IR A TR AR, AEfED) BT, AL
PRI AR P e g2, (R AR R N BE R
U0, I, PR RS RS R, XA R
Y] B LT AR S SC R,

H AT, X7 e ) B e e iy =X E 2R
AT HIRMEN 2 A2 et ™) 45 o, fh2p ik
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FHEE SR
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INE— | JOHR HUE | JOARBE . TR R 55 00 5
Quick RNA IsolationKit fE4 RNA $£BUAF] 4. Su-
per Script cDNA Synthesis Kit R 5805 & ik
FEAEYRHA R AL A 5 it 56 834w g
A T A TR A BRA R 58 — 5L FR(TCA)
SYRTEL, AT R bR s TOK W Srdrat,
g [ 25 4R H ARG BRAN R PIRERR (CAD L T
i B8 UM (BNT) | A B H IR(GSSG) | 2,2-8k
AR -3- 2, FEA T BEMEIRR-6-fif 12 (ABTS) . 1,1- 2%
F2-=HFFENEHDPPH)  4#ral, iR AR
FA RN F] PIER ., WK Sdral, pHpE R RSy
A RRAF Hp G s ordrats. gt 24
BHEARRAF]

LH-B55 FHHTIGAL  HigEE BN ZH TR R
Z5E] NH310 SRgE a2 I = Bt A TR
45 702-Rell BBANR VKA SEEFEE KA H]; ALl
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BB ODHL KB BRAS R UV-1780 $54h 1T
ACETT BEER IR MNE FR A E]; CFX Con-
nect Z¢VGER PCR X 3E[E Bio-Red 22 H] .
1.2 ZHE
1.2.1 FESACIE  BEBCHTEE . K/ — | JolR
TCIRBRE . TCH U 1058 B, A A SRR U A LK 55
EUREELD Smm E R, 53 HHKE RN o
(CK £H) 1 0.5 g/L CA 2 10 min (M JEEFEIET /T
HAFS28: 0.1, 0.5 F1 1.0 g/L = D ARFEIHE T
0.5 g/L B CA R el mfa ), SR JG85 T = i
To WS EIH PP M TMIFEEL R/ 15 cmx
11.5 cmx2 cm) $E472E 831 FHJE oA 0.02 mm /Y
PE fRE RS UEfT31%% . BlJS T 4+0.5 °C JEF7IF708R,
2 d BURE—IK, BRSO T U Bl e, e 22
BB B LAE I E AR S WS S e PRAE T —80 °C MK
IRVKFR A, R e S5 Hril & .
1.2.2 A MLTARE I SRR 1y
725, SR €0 253X S ) B8 VTR i %) 3R T 0 R A T I
RE o FRZHBEMLIEI 15 R &S E A, 43 BOE
WA AT e, e s LB (SRR Ml o fH (£14%
BE) . LTARFEEIIE SRR R AEP (ki T, il g
E DTS ETRE SO R, I 10 mL v A9 22 b i (75
10%TCA), 35 °C #EYEW 2he W EEHIE, T 4 °C
T LA 1500 r/min 850> 10 min, B FiE#K . EIK
420 nm A E FIEWR OGRS, LA OD 4p0 nm FANEL
1.2.3 G, BN | ERISFNAR T2 PG S e
NI AR I RE S IR PG AP (IR AT . B

B 1.0 g @EY) S EAE SRR, INAGE I 80% ZEE4
W e IR A E, T4 °C. 12000 r/min 544 F B0
20 min, B FiEW 0.2 mL, FHZEIF/KEREE 1.0 mL.
B JE HR DA 1.0 mL @RI, # & 6 min f5 I
A 1.0 mL 7%Na,CO; ¥ S 1.0 mL Z£ 18K, fE5
TN EEC A 1.5 h, FJS7E 756 nm % 1< AR E 1
FCEE . DAB B TR AR E S, AR PR HE AR 2R y=
6.4317x—0.0023 (R?>=0.9996; H:vh, x ¥ NIk FE, y 15
SRS CEEAE ) TR B i, 85 R DL mg/kg 3R o

BB IR T A8 T 125 5 Ay 5 1 e AH ],
B R I S ARG AR (ki T, B 0.5 mL
PG, A 0.2 mL 5%NaNO, &, T3 Nk
6 min; FEJEHIA 0.3 mL 10%A1(NO,) 5 ¥, 4kL2/%
B 6 min; FRRYKANA 2.0 mL 1.0 mol/L NaOH %k
1 1.0 mL 80% ZPEEAWR, FLAMRS] . 7RIS 510 nm
A S W DG o LA T SR AR o L, R AR o £k
y=14.205x—0.1239(R*=0.992; H:vh, x ¥ e i, y
SAWSGREED) VA S P IS B A i, 45 R L mg/kg
FR.

BRI & e =2 AL ZEP0 BT FH Oy 3500 5
B 1 g BSERR, I 8 mL 80% Z.B5, BEGIR %12
B 30 min, T 4 °C. 8000 r/min &5.0> 20 min, B 1

W 3.0 mL 7E 437 nm A0 5E WG, LA ODysy gy 2
NS I o

AR RS BRI 2 Bt/ N SRR Ik, IR
MBI, B 1 g BEERAKYS 8 mL 80% H T4
R4S, 4E 50 °C F#E7F 30 min, T 12000 r/min &5.0»
15 min, WA LW, A 0.22 pm Je et it it
3E, 3% JH Shim-pack ™ GIST C, ¢ (AiEAEHEAT mI5K
WA T, DLZNE-0.1% BRI (3 - HAE N
SHARMEA TR EE WPk, Wi~ 0.8 mL-min ', 7R
348 nm. AR 25 °C FHMAT, MR R NS & 1T
Rl . AR SRS R L pg/g TR
1.2.4 H,0, & . O, 774 HRF MDA & &= 14
A RIS (H,0,) & &S RIEEPY 17k
FE: B 1.0 g BEEDBIR, LA 8 mL TH¥ DN, VKA
#£ 10 min J5F 4 °C. 12000 r/min &5.(> 20 min, HX
1.0 mL _E3EW, il A 100 pL 10% #REZEkFT 200 pL
W K, HE M 5 min J5 T 10000 r/min &5 (>
10 min, 5% 78, FAF TR ERVEADTIEEOR, ELEUL
VETCALI, W2 Ui i i XU R R R S
B4 & 5205, LA 3 mL 2 mol/L ¥&@Rilg, i HFE /i
fi#t, 4 °C.. 12000 r/min 2> 20 min JSHFIET 410 nm
A RE W YGAE, 855 P pmol/g 3277 -

HBARRAE T (0, ) F=A i 1 2 2 HEAZ TP 1Y
Jrk, BREL 1 g B EM R, I A 8 mL 0.05 mol/L.
pH7.8 HYBSIRENZE PP IR 5], VKR EHE 10 min, T
4 °C. 10000 r/min B.C» 20 min, L 1 mL 75 &N
A 1 mL B 2% nh %% (0.05 mol/L. pH7.8). 1 mL
I mmol/L 3L R MW, IR S T 25 CW#E 1 h,
A 1 mL 17 mmol/L X FEAMERRIF W AT 1 mL
7 mmol/L a-ZR M E W, IR/ T 25 C IR H
20 min, T 530 nm &b W 52 H 0 S EE, 45 R D
pmol-g 'min' IR,

MDA & (i e 22 R 3LV AR 10 . R
B 1.0 g B4, T 5.0 mL 100 g/L TCA ¥R, WHEES]
¥ JEF 12000 r/min. 4 °C .0 20 min, 08 EIEW .
SR £ 2.0 mL _E3E# . 2.0 mL 0.67% Gt EL
ZRVS R, IRE TR B /K IE 2235 20 min, U
JEFRESO—IR, 43 INRE LI AE 450, 532, 600 nm
PERAL R SCEE(E, MDA & i AR .
V X [6.45 X (ODs3; m — ODjgg0 ) — 0.56 X OD 450 |

Vsxmx 1000

FH: V ORRBURUEAARER, mL; Vs Al g B ITHL
PESRFEBORAAT, mL; m WEE R R, go
1.2.5 PPO. POD fll PAL #§ M a9 I =8  PPO flI
POD Tif i P 2 FEARPEIE SE P2 D ikl 2, B 152 .
PREL 1.0 g BB, DA 8 mL ZHR- 2 BR SN Z% ik
(0.1 mol/L. pHS5.5), vKi##2 10 min /5 B5.0>(4 °C.
10000 r/min. 20 min), PPO WA ZR: 0.1 mL $2HRK
JIA 2.9 mL 50 mmol/L 4P — i i, Gl & A
BN, F 420 nm LM AE W SEEE . POD AR FR:

MDA % #(pmol/g) =
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0.2 mL £ BRI A 2.8 mL 25 mmol/L &G A 1 15
WHINA 0.5 mol/L H,0, ¥k, Tk iR-G )0 sh I v,
F 470 nm AW E W SEEE AR L . TRETE LA 434 i
JeREEAEAR 0.01 S—A4> PPO. POD #EPEEANL(U), B4
>k U-g's PAL I MES BE X = 2R AER0 T il =2 o
PR AT 45 R] PPO, IV AR ZR: 0.5 mL AH IR
A 0.02 mol/L L-2E N2 MR 2.5 mL J57E 37 °C /K
WARIE 1 h, ITA 0.1 mL 6 mol/L HCl ¥ ¥ 4% 11 )%
Bz, T 290 nm ARMEWSCREERIZEL . P ODsgg oy 22
1k 0.01 24 1 MERERAL(U), FH U-g' FTIR.
1.2.6 #HEALY I AL (superoxide dismutase, SOD)
Tt A L &l (catalase, CAT)FUIIE  HL 1.0 g B5ES
B, A 5 mL B§f% 2% vh % (& 5 mmol/L DTT,
5%PVP. 1 mmol/L EDTA), #%5 30 s i FL e 4011
=], F 4 °C. 12000 r/min #5.0> 30 min, |75 # K
B, F T IS 22 5E . SOD ¥ Pl 52 2 8 Zhang
ECU Y Ik, IR ZR S 0.2 mL OKH g HR IO
2.0 mL 50 mmol/L B§FRENZZ PR . 0.2 mL 5 2 iR
VW . 0.2 mL 750 pumol/L 45 fh i 25 Iy 4 mbs s 15 UK
0.2 mL 100 pmol/L EDTA-2Na, ##5%G 30 min J5 /A
0.2 mL 20 umol/L ¥, /MR G558 T Hob
KT F S 15 min, 37 BPE & T AL, T 560 nm &b
I SE e S E B2 CAT J5 P R 2 1A % 4 RIS 132
J7EE, AR R AFE: 0.2 mL FLEHE B . 2.8 mL
20 mmol/L H,O, &, IR-GI92))5 T 240 nm 4bJl5E
WeSCEE AR k. BILL RSO EEAR AR 0.01 2 N
—IEPERAA, AL U g™t RO,
1.2.7 %5 Bt H KL JF T ( glutathione reductase, GR)
FIPLER MR 33 S AL P B (ascorbate peroxidase, APX)
FOMISE GR Al APX 7 PRI a2 2 RE MBI 2521530 11y
J7¥k, GR il APX ¥ B (il 45 6] 1.2.6, (X HREUZE
MR 50 mmol/L . pH7.0 Bl Eh g2 ik . GR 1%
P R W AR &R MR I A 2.7 mL 0.1 mol/L
pH7.5 HIBFERZE vh % . 0.1 mL 5 mmol/L A AP
H R W . 0.2 mL AHEGEHEHOR, F 340 nm AL H:
W G RE B9 A4k APX WGP A2 S 4K FR: 0.2 mL
B R B . 2.6 mL JZ b 2% PR (% 0.1 mmol/L ED-
TA. 0.5 mmol/L L IRL ML R ) . 0.2 mL 2 mmol/L
H,O, ¥, T 290 nm b WG RER 224k, 1L
BET R G E AR AR 0.01 R — i PERAAL, A U-g !
FR o
1.2.8 FEEZFRIASTHT  HH RNA 2B 6 N 5
L4 R RNA, HARRERVE S B0 & i iH
it 7. BEERYE R ST S UL A 8 cDNA.
2 1 HFTHDOGCRE 5 1 IEEAE A, LA Actin FERFE
SHNZEREA . A 2724 kit LsPPO. LsPOD
LsPAL . LsSOD . LsCAT. LsAPX. LsGR Fikta .
1.3 B

FRLASCHOUEA T IR E A, a5 AR (B R 25 3R

R FRHEG I B F S

Table 1 Primers and sequences used for expression analysis
GIL/E2S S1¥Fs(5-3")
ActiniE 0514 GCCAAGGGCAGTGTTTCCTA
Actin]Z 17519 AAAGCACAGCCTGGATAGCA

LsPPOIE 15| 9)
LsPPOJ 15| 4)
LsPODIE [i15|4)
LsPODJX [i15|4)
LsPALIE 4514
LsPALIZ 51 4)
LsCATIE 58
LsCATIU a5 14
LsSODIE 7514
LsSODJ 115 |4

AACAAGAAGAACAAGCAGGAAGCG
GGTAGTCTCACATCCATCGTCAAC
AGGTGCTCACTCAGTAGGTAGGG
GCGGGTTTGGGTCAGGATGG

GGACTACGGGTTCAAAGGTGGAG

GGTGACTGGATTTGCGAGAAACTG
ACAACTTCAAGCAGCCAGGAGAG

GGTCAGACAGAGCACCAACAATTC

CACACACTCTTACAGACGCTTTG
GCCACTAACACCCTCACTGCTG

LsAPXIE [ 5|4 ACCTGTCGTTCCGGCATCTATG
LsAPXIZ 17514 GGCGGTCGAAGGAGCTGATG
LsGRIE 54 AACAGGAGCAGTGAAGGTGGATG

LsGRIZI75 |4 GGCAACAGGAGTGAGATTCATTCG

715, {4 Excel 2019, SPSS 26.0 #4750 A FEF0 53
BT, SRAHEA R ZE T 22507 Al Duncan X 45 0722
540 35 M 4y BT (P<0.05) , 1 Origin 1 GraphPad
Prism FAF5ERE R H] . VIBEE B Figdraw 257 o
2 RSP
2.1 AEEXEYRE GIFNEI

LR B JRAl B D) R R T 2L AR AR i 1 B 24
Fio BEZENHRCHT A AU ZE, CK ZHE D) 55 B 4T AR R 3
FEEOINER, i CA AbHPZHAEHEEAT g N Y 2T AR FR
HEZAIR T CK 4H, 30 CA AbPRAERNii£r2s )y i BAA
REFRSCR (K 1A) . BARSKTE, CK 41192078 BE I
FATHA (0 d) Y 0.17+£0.002 - FFZ 45 8 d Y 0.39+
0.029, H# 4 d Ja 2BPLE A MHILZ T,
0.5 g/L CA AbFRLALTAR AN _FFHZ 0.26+0.003, 1% it
EAALF CK H(P<0.01)(El 1B). # L{E 7 M, CA
AbFR I s T H R AT (P<0.05), FRIL AR =Y
O PERAETE . o ME T TR, CKZH BET 5 it e HE A2 12 17
Fhisr, FRWILLAR IS AN 1 CA ZbFRA R T
a' ) b, WG T AR (E 1D) . ZRE L
B8R, CA AR MG T LYE RS oH B
AT, REA SRR 55 15 i St B 4 NN = AU R o
LPINIERS
22 AEBRMEYIRERE. KR, RAEYR. &
BEEAfE2 M

Sy | JEERT . BRI RUAS B PR A
AR EE Y] B E T AR S R P ) DRI FE AR . R 2A
B, W b e fef U] 55 B B iy S AR AR R T kA,
M CA b B 5 2P0 #] T i85 19 FH5 (P<0.01) .
Hih, cA HEMm &R 0dAY 1.91+0.009 mg/kg |-
FF& 8 d Y 2.02+0.006 mg/kg, ¥ CK AR 2.57+
0.006 mg/kg FEAR T 21.40%, BiHH CA AbHHYELE M4
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Fig.1 Effect of CA treatment on appearance (A), reddening
index (B), L” value (C) and a" value (D) of fresh-cut lettuce

VE: * R CACHRAAH LT CK 4025 55 B3 (P<0.05), **3%
7~ CA LB A HE F CK 4 22 55 ) 2 3% (P<0.01) 5 & 2~
[zl 6 Iﬁ]O

WA Jy AT — B RO . SR AR o AR
FTE CA AT 15 2] B2 mMf (& 2B, &l 2C,
P<0.05) ., TEWBEE 8 d, CA ¢HIEEE IR SHRIEY iy
% CK 4y /T 17.32% F1 15.20%, i, iRk
YIFRAE CA ZEFR R M 0 d A9 0.13+0.002 f¢ EFF= 8 d
1 0.18+0.001, FHiE ] WAL TXF FEZH (K] 2C) . &l 2D

0 2 4 6 8

I e ] (d)
C  024;
-0 CK

——CA .

D N 5 CK
30 - ——CA
@ ’ ..'D ------- a
)
=2
om 20 1 EJ
L
i
o |
i 10
® *%
0" $k * %
0 2 4 6 8

PSR ] (d)
K2 CA RBIXTEEDT B E R BLE T (A) . ZEEHA(B) |
FRZEW) T (C) FIAR B N R (D) & BRI 520

Fig.2 Effect of CA treatment on total phenol (A), flavonoid
content (B), quinone (C) and scopoletin (D) of fresh-cut lettuce

BN, REENEE S B CK 49 B HE Rt
FEAESS 4 d IS F)IE(E (33.0940.210 pg/g); i CA 4b
HRLH 1) AR 2 B I T CK ZH(P<0.01), FRBHIZ
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Fig.8 Predicted mechanism of CA treatment delaying browning
in fresh-cut lettuce by regulating ROS metabolism
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