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Effects of Different Preservation Methods on Ascorbate Peroxidase Gene

Expression and Phytohormone Content of Lycium chinense
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Abstract: In order to explore the mechanism of fresh Lycium chinense fruit preservation, fresh Lycium chinense fruits were subjected to
preservation treatments, 75% etohanol solution, lactic acid coating, chitosan coating and modified atmosphere treatment. The changes of
nutrients and the activities of related enzymes before and after preservation were determined, Real-time quantitative PCR (qRT-qPCR)
technology was used to determine the relative gene expression of ascorbate peroxide (LcAPX) in Lycium chinense, while the hormone content of
fresh Lycium chinense fruit after storage was determined. The effects of different treatments on the preservation of fresh Lycium chinense and the
relative expressions of key genes were studied. The results showed that different treatments could significantly improve the fresh-keeping effect.
Among them, the best preservation was with the chemical, the chitosan coating solution with a degree of deacetylation of 96.1% and a
concentration of 1.5 g/L.. The modified atmosphere treatment could maintain the sensory quality of fresh fruits and reduce the activities of related
enzymes. In the meantime, the relative expression levels of LcAPX gene in the fresh Lycium chinense fruits subjected to preservation treatments
were all lower than 1, with that being 0.35 (the best) for the modified atmosphere treatment. After storage, the content of auxin (ICAld) of the
fresh fruit exhibited the largest increase (increased from 2.43 to 28.71), while the content of ABA increased from 3.59 to 18.10, which were all
higher than those of the blank control group. The content of ethylene (ETH) decreased from 17.70 to 8.56, and the content of gibberellin (GA)
decreased from 17.7 to 6.49, which were essentially consistent with the changing trends of hormones.
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¥IFS (Lycium chinense), FiFEHIAC)E, RSLE
iR, RAFHEER, EREES. BRIEN
HARFERL . —, BAVERIIE . AMNERTRS . 9 E A
SR N MIAD T2 A TRRIE . i & H AL
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AR MIRC 2 RE R MR RS E R
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RS, KRR, BHRR, SSARMIIEE &K
AR 18 F AL FRERR, AN, A
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ST OREE K AR PR 1 R o

FEERNERZ ReS (R A RS A (1) SE B, iR
W EERS, BEECRT R, SN
AbFR T BRI S B RN R SR e, IE R
SERIVATE T S R N EE, S0 A7 R A RN
WA, S EE A B (SOD) Al AL A
(POD) i . FHEEIM e R W] CF {7 (3=
BERAr: 0.05 g/L /KR 4 g/L &ALES. 1 g/L Hdkii
R 1 g/L AP AR AT DUREARMIAT S SE i 2 26,
P 1o [/ AN A AR o, AR 1 ]
PEE AN O] 8 TR 2 kD, X SR EOIRAL
PR AN 5T H TG B 5

HAr, BT A F B i M Ac CREE R &
HX R BEEE R TR S (I LA HR0E . A SC DA i
ZIMIC RTINS B, I A (R CREE A 38 LU o) AT (R
IR, B e — PR (P DR EE 3%, RIS FEAS [ b
FOHUIA MRIS Al (APX) FEPRIFRIA R,
R B 2k IR AT (R B T 2R IR R S
FF o LA MR S AP — PR L IR 1 S B 71,
RIERR H0, WK, Z 5HEMEKKF M I
S ELE]NAUR N

1 RS

L1 A5 R A

SEIAARLIMIND; cDNA Z—8 & & . SYBR
Green Master Mix. #iiC Leactin 519 #ikc LeAPX 5|
). TRIzol (HHEZSARAD, AT A TR (R ik
WARAR; EEIKE. ARy, gkttt
FHEARAA] .

12 (& 5#%

WHEE AL (CFX96). K if% 248 (Gel Doc
XR), *[E BIO-RAD ~+]; #ffE PCR 1% (System
97000, £[E ABI A F]; R K (JY600), b
HEART RIS A IRAR]; SR OB
it (UV-1780), HA SHIMADZU A#]; £ RIER
Zige (MIX-200) s,

1.3 R F =

13.1 AfsmiE

BRI ERIACTE 10 °C T4 30 min.
132 fREFAZE

TS PREEANEE: K5 AbFR 5 FOAACRE i B T2t ih
T 75% G RO R S, FARAR 738 75%
PG 7 B MACR T T B — BRI, B L3 43
BNMIRCE RN 1% 2% 3%, KGREEESHET
FARA 4 CORFER A FoRPE AT : KA i
ZEEEESERFEN 1.0 mol/L ZIRIAM A N A AL
W pHAEZ 5.4, /KRR AT SN 1.0 g/L. 1.5 g/L
2.0 g/L IV K SRSLarHITE 9 Fhae SRR IR
YRR 3 min, EH T EA TR, A OHE
TR 2 &, FREFEALE; o E T iR
4 CUKFEH VAR o

FURRIREEAL L K LR IK LR AR 0 3%
A% SY VAR, 4 RS IAE 3 FhFLERE R IR AL
2 3 min, KbEETEREMIRC E AR TR, RN AR
2 fr, M s 00 BT SR 4 CUKF AR

A ROREE: BENLIEECR B PIMIAD 20 g A2 AT
A PE #BEMEH, 50%% M 50%w S, R
B A B AR MR EERAE 4 CUKAR
RA7 15 d, BARS d REE—K. R, Bresay
NSy —ERA T IE APX Z R AN RIA &,
FRICIETIN-80 CUKFAORAE, AR ORIEAEVI A Z 5
W R —iBar T EBEEPE, FHETE-20 ‘CUKFIRIT
133 REWFE

MR BRI B VR FAR Ao W3 1.
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Table 1 Standard for sensory quality evaluation
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Bhoith, TR
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P AR AR
3 LEpas RS, A AR

RELAER KE HLH
PERE  KRE BRAEH

FABLA®R T FHFRE
AR DA £

134 ERAMABE (PPO) FHENE

KA A . ML 5 g RSN

WERF (FETA), S 5 mL PBS 2l
(0.05 mol/L pH 5.5) Wi, 4 CE.L 15 min
(1 000 r/min) 15 ZIBGFIHIZY) XN 1.5 mL PBS

SEIPRRT 0.5 mL AR ¥ (0.1 mol/L), 35 °C/K

TR 20 min, 285 IIN 0.5 mL B, S2RIFFUAIE -

7 420 nm K NEE 30 s WIEROEEEAR L, e i

(824 3 min. BEENE 2 K, H PBS M=,

135 %&8a4Lds (POD) FHmE

FHEEIARENEE ., FREL S5 g BB TH

ST Bt RS, SREMA 5 mL PBS LM
(0.05 mol/L pH 5.5) Wi, 4 CE.L 15 min
(1000 r/min) 53 Z|EGAFHIEYD. KN 2.9 mL %

PRz M. 1.0 mL i S8 A EVAR (2%)+ 1.0 mL &)

RESEW (0.05 mol/L). 0.5 mL B . IEIAE 35 C

KGRI 20 min, HGEAH, 1F 470 nm K T4

30 s MIEWOEEE Rk, SN EA 3 min, EE

M5E 2 %, H PBS i E %

13.6 AR MBITAMAEE (APX) FHANE

FREL S g ek, BT TA MR+, I 5 mL
T 1 PBS Z2ppi (pH {E 7.5 0.1 mol/L), 74 EE,
4 "CEL 15min (1000 t/min), 75 BIBFIFHIEE .
MM 2.6 mL [ .2 (75 2.9 mg EDTA 1 8.8 mg
PR MR, ZAF pH 7.5 2509 % 100 mL) F1 0.1 mL
FESEE, I 0.3 mL S8 AEVER (2 mol/L) JF

GISE . TE 290 nm ARG EE (AR .

1.3.7  LeAPX F R A £ A KT 64 ) =

Fkc 5 RNA FU$HZEUS cDNA A R K TRIzol
FRBOBAR IR B8 RNA, SUEESEA K cDNA
AT FELYIAS I o

QRT-PCR 5|ttt K Biac AL 51490
ih: ARAEMIAC LeAPX B2, HATAY TR (R
AR AF G, HT QRT-PCR.

LeAPX 51%): Li#F41 5°-3’ AGGGCTTCTACA
GTTGCCATCAG, Fii#/7515°-3’GTGAGCCTCAGCA
TAGTCAGCAA; WZ514): LiiiF5 5°-3>CCATCTA
CGAGGAGGGTTACGCTTTG, NiffF%1 5°-3°AGTC
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AAGAGCCACATAGGCAAGC. i iR 2514 Bty
o LeAPX 51¥)3HT QRT-PCR. RFAMINSE &%, LA
0 d ARALFR ISR s o

SR % : 2X SYBR Green Master Mix 10 pL, .
T 5149)%% 0.8 uL, cDNA #ifi 2 uL, ddH,O #hE &
20 pLo

QRT-PCR [ZNifEE: 95 CTiAEME 30 s; 95 'CAF
P 5s, 58 CHEM:30s, 39 MEIF. mlfiEthZerIRE T :
95 CAEME 10s; 65 CEMESs, 40 CHAHI30s, EH
3K, ek CTIH. HA, CTHEE CN: AR
(17 AT 5 3 U P 75 . 25 SRR AR
P
1.3.8 AdigEnE

B AR IR PR AT M AT FE A4S, Wt B At B

(30 Hz, 1 min) ZMAIR: HL 50 mg BB f5 (FEAR,
A& &R AR, H 1 mL FEEOK/HER (15:4:1, V/V/V)
HEATHEEL FERGRIAYE f5 FH 100 pl 80% FFEE/ /KR
%, 1 0.22 pm JEME, B TEEEH, T LC-MS/MS
3.

T RS RO R % R 4 S S RO
& (Ultra Performance Liquid Chromatography, UPLC)

( ExionLC™ AD ) Fl & BX Jii # ( Tandem Mass
Spectrometry, MS/MS) (QTRAP® 6500+).

WA E B HE: tBifE: Waters ACQUITY
UPLC HSS T3 C18 #¥ (1.8 pm, 100 mmx2.1 mmi.d.);
TBhAE: AAH, BEK (A 0.04%H) Z1R): B H,
CHE (A 0.04%H) 482D : BAEEVEBFEF: 0 min A/B
H95:5 (V/V), 1.0 min A/B K 95:5 (V/V), 8.0 min
N 5:95 (V/1), 9.0 min 24 5:95 (V/1), 9.1 min A
95:5(V/V), 12.0 min A 95:5 (V/V); it & 0.35 mL/min;
FEIR 40 'C; HEFEE 2 L.

JRRE St EEAHE: IS B TR (Electrospray
Ionization, ESD) R/ 550 °C, IEE-FAEZL L
5500V, S FAR R g -4 500 V, AR

(Curtain Gas, CUR) 35 psi. £ Q-Trap 6500+,
AR R R R LA 1 2% % B R (declustering
potential, DP) FIfili4#{E (collision energy, CE) AT
FAREASI o



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.9

139 #BE4%H5 547

P R 3T 5 Z 1, DR IEERR
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2.1 FREAEFXTRAE 10 d ML e E Ry
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AN R AR B T7 O MAC B SRR ST PE 3 R R D

[FZEK:, POD yhtE—HE 2 BT, it b
FCEF R POD BE 1 EFHBOR AL ER MU AC 6 SR T
M, TREE 5 KJa, ACERE R IR (1) 2 S i

10 KRB, SURAEEF T POD PR A HAXT FEAK
8.2 U/gFW, W7k 15 d i), AbFRSSLM) POD B AT
TR (p<<0.05), XFRMALIR GRS
A RUFEAE POD BRI, AT IR AT B SR P 2
A5, o 2R IR 7T R B POD 3% 771048 e W) SR Bkt
NFELZW B, WL TR, MAssgm. R, #iEk
HIELE POD JEVER G INBELEK I FBUN 8], 45 & A0
WAL, AHALE T MR ZH 2] POD 35 JIA R

Lo W1 s, ASRACE AT DR 25 568 A HIAC Y
T, CEEBER AR B IMCEO M, R T
FCEA RIER. SORABRSORESS, BRI TS

35 =]

0L & CEHbHE
- FLERAbHE

25 -+ SO AbEE
- SR

WA T ER (p>0.05), HAGERBNT XA
(p<0.05). 3 EH%TH 30, 50, 70 um 3 FhJEEER
PREEF AR, 7E 4 C TR e,

SERRI, 50 pm PREEFLOREE SR BT, (HiIAR W E
SR, Rk, SR ORI A . 2 gk
FHYB R s 278 e B AT, 0 lIfE 25 CHRI0 C R
AT, G2 B S () JAT 4 2R M B B v T TR

AR T AL R T HEPIRE, BN RTEES I
53, T Y ER AR R, SR SR T SR A B
Gid R AN ETERTEL .

0

= i
- 7R

& oIk
) ks

PODJEME / (U/g FW)

W iE) /d
& 2 TEREFR THICEI SN SES (POD) FEMHTHIFR
Fig.2 Changes of peralase (POD) activity in fresh fruits of
Lycium chinense under different treatments
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Fig.3 Changes of polyphenol oxidase (PPO) activity in fresh
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fruits of Lycium chinense under different treatments
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BERE PG N, Ferh R AR 5 SRBEAL FEAE 0~5 d
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XKW, SRS — R FANH R AR T
FRERSPI, TR MO B SR IR A . X s AE
SRR R E MOARC i SRR AR 53 P S A v R B
FERIFL RS 5~20 d N, 4 C N RSZAEy & &
10 ‘C, PPO y&IHEREI A 2% FREfE Ak . X
FEUE A TEMOAC SR SEI AT A CEBEE PPO T 1 PR sk
RPN [ ST BBl 2 TG K, (L 5 D kT () e 45
SR N BRI RE S AT R RS, SRR A A I 2
AT PPO JEME R EE KA A I TR
ok, {2 M 2 S AR RC Sk A PR AR (0 rp R B
Mt SkEH 4 PPO YEPEIRES, JLTASIIAE], X5k
LR S RS PPO WEMEMISE AN, HEIAS S
R SRS PPO (TG E AR 2 5. AREE
H PPO JiE— B & BT, HENF] Re 2 (REEAL T
Ffd PPO G HEAR L= A5

24 FREAE T X TSR MR TR

feaneg (APX) JEEZIFIRL

ASTR) A B 5 20 M AC B SR B AR I AR 1ot AR AL ) il
(APX) TEMHERIA1E L 4,

- A

20+

0.20 - 2
o OB - FLERALE
E 0.16 F v FoRHE AL B
g) 0.14 - SifabE
= 012f
#H oo10f
H
5 0.08
Ay
< 006
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R/ d
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Fig.4 Changes of ascorbate peroxidase (APX) activity in fresh

fruits of Lycium chinense under different treatments

B 4 ", RO RET, iR A
BERSPESE TS G PG, 7SS 5 d IR E 4L APX i 1T
IEF|T 0.188 Ulg FW, SIAKERAR APX 3EHEAUN
0.124 U/g FW, 1E5~15d W, ZAZI APX iEHAT =
TAFRH (p<0.05). X UL EIMIFCEE A M F] f5 208
BREM CO, 1T, MIMFFRHAM MR E R
(. BRGSO TR B )3 LR i RS Ak
Yl 1k 2 DU IN A FEIR R S X R D13 E R 32
B T F AR5 F e — A R IS AR R D) S
A2 A AT AT I TR IR I S AL )
AT B AR LA 52 B 47 Tt — B el . A3 v o
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FC DU IR oL S A Pl T 1 R A S TS M T i B 1
sy, X 5HE T LR 2.

25 FRAEIT T AR SR B i

e £ (LeAPX) FEEEA

251 & RNA #9RIFf= cDNA #9642 XR
cDNA w7k R

AL RNA [IFREURT cDNA 4 st 5 LK 5.

FEHUE 1) RNA S5, e Asgo/Aaso [ATE 1.8~2.2
28], RMAEERFEER, H Adg/dn B KT 1.6, £
B RS G e , TEEhZTE, AT DA T #45% cDNA.
METE H, FERN SR actin FFER LeaPxt!
(HV 542 qQRT-PCR K154 3 PCR HL3KA I B Ih3
25 1 500 bp F12 000 bp 1 H K%, THTIESE
qRT-PCR 5256

MAIA2A3 A4ASA6A7TA8 L1 L2L3L4 L5 L6L7 L8

E 5 #:5 cDNA BBk E

Fig.5 cDNA electrophoresis of the sample
JE: ki M 4 DNA Marker, A 2 Reference gene (actin ),
L # LedPX, 1~4 AEA*TBIEH 0. 5. 10, 15 d, 5~8 A7
R 0 d.
252 AR KT Afess Rura it £
B A B (LcAPX) RiA & T4

14 O B AR A
T - 0 5e SR PR AL 3
12f WOFRE g
iy L
o 1.0
Hﬁ 0.8
E 06l
R
3 04F
~o02f
0.0
2 5 10 15
AF1E] / d
& 6 AEMAIES N THFCEERIIRAMERT SR (LcAPY) 3R
BETHEEER

Fig.6 Comparison of ascorbate peroxidase (LcAPX ) expression
level in fresh fruits of Lycium chinense under different
treatments (N=5, x+s)
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(LeAPX) Fk 2= LK 6.

6 AT, 55 2. 5. 10, 15 K, 4 Ry
& LeAPX FEFIABXTRIEKFT,  BEE AT KA I3E I,
kst B E TR DA H4UNRTR, ¥ LeAPX ik
BN 1, BRIE LeAPX RIFEIET 1, Ui SAbEE
AT LeAPX BRIERIL, Hrpesm 5 d N ZRE Ak s
TEARFRAH K i, AERTRISEIAR] T 0.81,
FLIRACHE . 5T BN AL B B SR AL FR A AE X 208 573 )
A0.71. 0.68 F10.59. 55 15 K, AFRL LeAPX FRik
HACPBRIR BN, HAR IR A ER AR X R IA ik
BT 0379, FALFRY] LeAPX FiL BB ECTRHELH
(p<<0.05).

26 WPHFIOdEMIERERESE

JEAF 10 d e AT i SROCHER & B X LK 2.
®2 I"F 10 d EE=ANRAS XL
Table 2 The expression levels were compared with blank
control group and the group after storage for 10 days
MELMH HE ZONTEUA/(nglg) KIEL/(ng/g) b

Dz CK 3.41 0.19 down

P CK 0.03 0.01 down

ACC ETH 17.70 8.56 down

GAl GA 17.70 6.49 down

SAG SA 134 12.81 down
ABA ABA 3.59 18.12 up
IAN  Auxin 0.07 0.23 up
IAA-Trp Auxin 0.054 0.26 up
ICA Auxin 1.12 42.51 up
IAA  Auxin 0.40 8.62 up
ICAld  Auxin 243 28.71 up
MEIAA  Auxin 0.22 3.72 up
¢ZROG CK 0.97 6.75 up
2MeScZR  CK 0.09 0.53 up
IPR CK 0.04 1.05 up
OPC-6 JA 332 24.23 up
JA-ILE JA 0.08 0.27 up
OPDA JA 1.17 53.11 up
SA SA 17.23 1940 up

K9 AL, WAF 10 d J5, SXTARAAMLLE, #
FEER 206 (ETHD B -2 AR (ACO),
iz (GA) ROFEFER 1 (GAD FEHHT I,
AKER (auxin) RAFEGIR-3-28F (TAND. Bl Z1R
BEIR (TAA-Trp). WIWE-3-FER (ICA). W|WE-3-21R

(TAA). M|WE-3-FHEE (ICAld). M5|WE-3- 2 1 B g
(MEIAA), B7ER (ABA) FIZEFIR (JA) 5 12-

A-HEY- R (OPDA). AL G FIR e LR
(OPC-6). FKFIMR-SF-oZ R JA-ILE) FEHETH
YR BT (p<<0.05), iR (CKD RaEi
T KALTE-O-KEE (cZROG). 2-FIBREEIR L £k E= %
H (2MeScZR) FRJEMRIE%ZHE (IPR) & b,
ZHAEAREK (DZ). RIARES (IP) SE TR
(p<<0.05), KElE (SA) &= L, KiR-2-0-4-
HE T (SAG) &&E % (p<<0.05).

AKE (Auxin) BEARIEYESE B EKER,
T LR ZE R FH K 40 kS, G s o,
A KRR R SRS S S A B g, R4 R,
MG R SLAE AR e A K R o s B HAR M EIE,
W R SLAE A Ja B B i T K&K kD
TSR B 7 .

TR (GA) AT LM BER SR B, BivEiR (ABA)
RERg NI 732, (R R IR E iR . AR
8] GA Fl ABA TEIA YR B ik #E b 2 HFEPUIIC
%, GA AR, 2R ABA feitg, ubss 31
BRI IMIAC 5L GA = R %, ABA &&= L7,
MR E DA NG AL, GA M lbENE
P&, ABA S8R BFATLMEE Rz E .

LS (ETH) A{RE RS, (Rt 28 B Wiy i
HERERP, X5 BERRIEAE: A REy
YRS AFEEE, ABA SEA S ET, 3R
eGSR, ABA SREE T E. 520
FHEG, ABA HA ik RS I 2 Lo 808,
CIFEMNERBIR 7. SEIgs R o8 ABA i B
ETH &8 FF%, HENRTREZ ABA & &t AR H B,
WEES 2B E R — PG BhR FAEAE, Bl I AE R TR
WK, ISR, BRSSP R
BH SR SR B2 b6 C M B R DT R R, SRS o
JERtE ABA BEBCR BN F. BRI Fe
YRS ANFEEE, ABA SEA S ET, 3R
eGSR, ABA SRS T 520%M
b, ABA EA{RHERSLERAMEEZ I, 4
I B R

HKHAMR JA BAREENK, (REEZ0EH,
RIREE RN, WAR GRS JA & & BFt, R
JA S et 7 MIRC Y 5 AN

M3z (CK) Rt n2e, FENAMATE
Y 4> ZE TS R IERAL, RIS EE R OR CK # & &
ETE, W EE TR, XS RS g 2L
P

YR R ARG, KR (SA) FILLE
SAHCEAMA R, SRR E T Y, R
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